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Electroconvulsive Therapy (ECT): An Effective Option for the Treatment of Medication-Resistant 
Psychiatric Symptoms in Huntington's Disease: A Case Series and Review of the Literature 
J. Adrissi, N. Nadkarni, E. Gausche, D. Bega (Chicago, IL, USA) 
Objective: Through a single site case series, we investigate the use and effectiveness of electroconvulsive therapy 
(ECT) for the treatment of refractory psychiatric symptoms in Huntington’s Disease (HD) patients. We also review 
existing literature and compile past cases of ECT use in the HD population. 
Background: Psychiatric symptoms contribute significantly to patient morbidity and caregiver burden in HD. [1] It 
also adds to mortality in the disease with suicide accounting for 5.7 out of every 100 deaths in HD, 4-8 times the rate 
of the general population. [2,3] Although ECT has been used as a strategy for the treatment of medication-refractory 
mood and psychotic symptoms since the mid-20th century, there is a paucity of literature on its use in HD and no 
standardized guideline or protocol for its use in this population. [4] 
Methods: We first compiled and summarized the existing cases of ECT use in HD described in the literature. Then 
through a single-center retrospective analysis, we review de-identified patient details, ECT course, and symptom 
response in HD patients treated with ECT for medication-resistant mood symptoms between 2016-2018. 
Results: A review of the literature resulted in nineteen past cases of ECT use for refractory psychiatric symptoms in 
HD, with eighteen of the nineteen patients having improvements in symptoms by discharge. Through this case 
series, we add four additional patient cases to the evidence of ECT use in the field. All four patients had 
improvements in depression, agitation, and suicidal ideation leading to successful hospital discharge, with three of 
the four patients continuing maintenance ECT post-discharge. Two of the four patients also had psychotic symptoms 
which improved with ECT. 
Conclusions: This case series adds to the small body of literature documenting the effectiveness of ECT on 
refractory psychiatric symptoms in HD. Larger scale, prospective studies are needed to best quantify the benefits of 
ECT and assess optimal methods to maximize effectiveness. A standardized ECT protocol would lead to a more 
universal, evidence-based approach to its use in this population. 
References: 1. Jensen P, Sorensen SA, Fenger K, Bolwig TG. A study of psychiatric morbidity in patients with 
Huntington's disease, their relatives, and controls. Admissions to psychiatric hospitals in Denmark from 1969 to 
1991. Br J Psychiatry. 1993;163:790-7. 2. Farrer LA. Suicide and attempted suicide in Huntington disease: 
implications for preclinical testing of persons at risk. Am J Med Genet. 1986;24(2):305-11. 3. Schoenfeld M, Myers 
RH, Cupples LA, Berkman B, Sax DS, Clark E. Increased rate of suicide among patients with Huntington's disease. 
J Neurol Neurosurg Psychiatry. 1984;47(12):1283-7. 4. Anderson KE, van Duijn E, Craufurd D, Drazinic C, 
Edmondson M, Goodman N, et al. Clinical Management of Neuropsychiatric Symptoms of Huntington Disease: 
Expert-Based Consensus Guidelines on Agitation, Anxiety, Apathy, Psychosis and Sleep Disorders. J Huntingtons 
Dis. 2018;7(3):355-66. 

2 
7,8- Dihydroxyflavone prevents 3-NitropropionicAcid (3-NP)-induced Striatal Toxicity by Modulating the 
TrkB receptor and Microglial Activation Pathway 
S. Ahmed, M. Kwatra, V.G. Naidu (Kamrup, India) 
Objective: Hungtion’s disease (HD) is an autosomal governing neurodegenerative disorder caused by production of 
mutant hungtingtin(Htt) protein followed by death of the GABAergic neurons in the striatum. These neurons depend 
on an afferent supply of brain derived neurotrophic factor-(BDNF) which binds to its tropomyosin receptor kinase B 
(TrkB) receptor for maintaining plasticity, differentiation and survival. 
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Background: Impaired BDNF-TrkB signaling is assumed to be the mechanism underlying degeneration of neurons 
in HD. Therefore, we aimed to investigate an active molecule which mimics similar to BDNF in activating the TrkB 
receptor and its downstream pathway. 
Methods: Behavior parameter were assessed to see any neuroprotective effect of 7,8-DHF in 3-NP treated mice. 
Microglial activation marker, inflammatory markers and apoptotic signaling pathway were evaluated to see whether 
7,8-DHF have any role in neuroprotection through these pathways. Ultra structure of mitochondria and 
mitochondrial protection by 7,8-DHF was evaluated through microscopy techniques. 
Results: 7,8-Dihydroxyflavone (7,8-DHF), has a better BBB penetrating ability and our results stated the treatment 
with 7,8-DHF causes a dose dependent manner activity in ameliorating the various behavior alterations caused by 3-
nitropropionic acid (3-NP). Histopathological and electron microscopy evidences from striatal region of 3-NP mice 
brain treated with 7,8-DHF showed more healthier neurons with intact mitochondrial morphology and very less 
autophagic vacuoles. These protections by 7,8-DHF may be due to an increase level of ATP which in turn down 
regulates cytochrome c releases from the mitochondrial matrix and inactivates Bad protein activation. It also 
enhanced the BDNF levels by promoting cAMP response element-binding protein (CREB) activation. Moreover, it 
showed an anti-inflammatory as well as anti-apoptotic potential with reduction in Iba-1, Cox-2 and Bcl-2 expression 
levels 
Conclusions: 7,8-DHF also enhances phosphorylation of TrkB (Ty706) and Akt (Ser473/Thr308) and promotes its 
downstream signaling cascades in 3-NP induced striatal toxicity in experimental mice which might be the 
mechanism for its striatal neurons protection. 
References: 1.Canals JM, Pineda JR, Torres-Peraza JF, Bosch M, Martín-Ibañez R, Munoz MT, et al. (2004). 
Brain-derived neurotrophic factor regulates the onset and severity of motor dysfunction associated with 
enkephalinergic neuronal degeneration in Huntington's disease. Journal of Neuroscience 24: 7727-7739. 2.Liu X, 
Obianyo O, Chan CB, Huang J, Xue S, Yang J, et al. (2014). Biochemical and Biophysical Investigation of Brain-
derived Neurotrophic Factor Mimetic 7, 8-Dihydroxyflavone in Binding and Activation of TrkB Receptor. Journal 
of Biological Chemistry: jbc. M114. 562561. 3.Mantamadiotis T, Lemberger T, Bleckmann SC, Kern H, Kretz O, 
Villalba AM, et al. (2002). Disruption of CREB function in brain leads to neurodegeneration. Nature genetics 31: 
47. 4.Oliveira JM, Jekabsons MB, Chen S, Lin A, Rego AC, Gonçalves J, et al. (2007). Mitochondrial dysfunction 
in Huntington’s disease: the bioenergetics of isolated and in situ mitochondria from transgenic mice. Journal of 
neurochemistry 101: 241-249. 
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Can we hear pathology in premanifest Huntington’s disease? Acoustic and listener-based analysis of speech 
J. Chan, C. Shirbin, J. Stout, A. Vogel (Melbourne, Australia) 
Objective: The present study evaluated the ability of acoustic and listener-based perceptual measures to 
differentiate speech deficits in the premanifest and early stages of HD (EarlyHD). 
Background: Dysarthria is common in Huntington’s disease, however, our understanding of how speech is 
expressed in the premanifest phase (PreHD) remains unclear. 
Methods: We quantified speech characteristics in a group of 13 people with PreHD, 17 with EarlyHD, and 15 
neurologically healthy controls using sustained vowel and connected speech samples. 
Results: Listener-based assessment detected speech deficits that were in-line with disease progression. Although not 
reaching significance, perceptual analyses showed a higher occurrence of voice disorder, altered prosody and 
speech-timing in speakers with PreHD compared to healthy controls. Perceptual analyses also revealed a significant, 
mild to moderate level of impairment across measures of voice quality, prosody, articulation, intelligibility and 
naturalness in speakers with EarlyHD. Acoustic analyses did not reveal a significant difference between PreHD and 
control groups, nor a significant difference between EarlyHD and controls. Contrary to acoustic analyses results, 
dysphonia was reported in approximately 70% of people with EarlyHD using perceptual assessment. 
Conclusions: Perceptual evaluations indicated that subtle changes in speech precede a clinical diagnosis of HD, and 
demonstrated a higher incidence of speech impairment in EarlyHD. Instrumental evaluation of speech, however, was 
not sufficient to distinguish speech patterns in premanifest and EarlyHD. The present study demonstrates a need for 
a more sensitive acoustic speech battery to better identify and intervene speech disorders in HD. 
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4 
Speech impairment as a marker of clinical changes in premanifest Huntington’s disease 
J. Chan, Y. Lie, J. Stout, A. Vogel (Melbourne, Australia) 
Objective: Speech disturbances have been described in premanifest Huntington’s Disease (HD). Yet a recent 
systematic review and meta-analysis highlighted disagreement in the literature regarding the nature and size of these 
deficits. 
Background: Drawing on measures known to be sensitive to pathology, we explored the utility of objective analysis 
of diadochokinesis (DDK) and speech timing measures to describe four distinct HD groups. 
Methods: Speech samples were acquired from 55 people carrying the expanded HD gene (14 presymptomatic, 
PreHD-A; 18 prodromal, PreHD-B; 14 early, and 9 middle stage HD) and 55 matched controls. Participants repeated 
syllable sequences, read a passage and produced a monologue. Data on syllable repetition and connected speech 
tasks were analysed acoustically. 
Results: Speech performance did not differ between the control group and people with presymptomatic HD 
(PreHD-A). Results indicated significant differences between people with prodromal HD (PreHD-B) and controls on 
measures of syllabic duration and rate. Similar differences were observed on the connected speech tasks. Individuals 
in the prodromal HD group presented with a slower rate of speech in reading with greater pauses and silences 
compared to controls, possibly due to cognitive and motor changes in the premanifest period. Results also revealed 
significant changes in the temporal pattern of spontaneous speech in prodromal HD (e.g. higher degree of silences). 
Overall, speech agility and timing appear to gradually deteriorate as the disease progresses. 
Conclusions: These data suggest that it is possible to detect changes in speech motor control and speech timing 
more than a decade prior to disease onset. 

5 
Characterization of impulsivity in Colombian patients with Huntington's disease 
L. Colmenares, C. Rodriguez, W. Fernandez (Bogotá, Colombia) 
Objective: To describe impulsivity in patients with Huntington's disease using a self-report scale and through an 
objective test of the inhibition capacity. Describe the demographic and clinical characteristics. Correlating 
impulsivity with the magnitude of the genetic load and the severity of motor symptoms. Compare the levels of 
impulsivity between symptomatic patients and asymptomatic carriers. Describe the relationship between 
impulsivity, depression, number of triplets, age and gender. 
Background: Descriptions regarding impulsivity in patients with Huntington's disease began to be published in the 
medical literature. Our research group were working on knowing the relationship of this symptom with the severity 
of the motor signs of the disease and in turn what is the relationship of this, with the amount of expansion of the 
CAG triplets on chromosome 4 .The identification of a relationship between impulsivity as a preclinical symptom of 
Huntington's disease and the expansion of triplets is a very important step for the early identification of patients and 
thus take measures of clinical follow-up, prevention of risk behaviors and anticipate outcomes not desired. 
Methods: Cross-sectional analytical study, adult patients diagnosed with Huntington's disease, scales of impulsivity 
and inhibition capacity, depressive and suicidal symptoms, cognitive and motor examination and quantification of 
CAG triplets on chromosome 4 were applied. 
Results: Forty patients were included, average age of 46.6 years, 55% men. 65% with motor symptoms. No 
differences in impulsivity between symptomatic vs asymptomatic. 50% of the patients were impulsive (Barrat BIS-
11). A high positive correlation was observed between depression and impulsivity, with a significant p (p = 0.000). 
Table 1 
Conclusions: The correlations made corroborate that impulsivity is a symptom independent of the genetic load. It 
was found that at higher depression the impulsivity scores measured by Barrat scale increase. Half of the patients 
with Huntington's disease had high scores on impulsiveness scales. Those who declared themselves asymptomatic 
also showed impulsivity. No differences were found between the group of symptomatic versus asymptomatic 
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subjects. No correlation with suicide risk was significant. However, this study is promising and corroborates the 
relationship between impulsivity and depression. 
References: 1. Rodríguez C. Caracterización de la impulsividad medida con la escala de impulsividad de Barrat 
(BIS-11) en una muestra de pacientes colombianos con enfermedad de Huntington. In: Colombia. UNd, editor. 
Tesis/trabajos de grado - Thesis (Otra). Universidad Nacional de Colombia: Repositorio institucional UN; 2016. p. 
88. 2. Testa CM, Jankovic J. Huntington disease: A quarter century of progress since the gene discovery. Journal of 
the neurological sciences. 2018;396:52-68. 3. Hofer S, Kainz K, Zimmermann A, Bauer MA, Pendl T, Poglitsch M, 
et al. Studying Huntington's Disease in Yeast: From Mechanisms to Pharmacological Approaches. Frontiers in 
molecular neuroscience. 2018;11:318. 4. Reiner A, Dragatsis I, Dietrich P. Genetics and neuropathology of 
Huntington's disease. International review of neurobiology. 2011;98:325-72. 5. Walker FO. Huntington's disease. 
Lancet (London, England). 2007;369(9557):218-28. 6. Wexler A, Wild EJ, Tabrizi SJ. George Huntington: a legacy 
of inquiry, empathy and hope. Brain : a journal of neurology. 2016;139(Pt 8):2326-33. 7. Wexler A. A brief 
prehistory of Huntington's disease. Journal of Huntington's disease. 2013;2(3):231-7. 8. Marti I JL. Neurologia en el 
arte: Lunwerg; 2007. 234 p. 9. Pringsheim T, Wiltshire K, Day L, Dykeman J, Steeves T, Jette N. The incidence and 
prevalence of Huntington's disease: a systematic review and metaanalysis. Movement disorders : official journal of 
the Movement Disorder Society. 2012;27(9):1083-91. 10. Roos RA. Huntington's disease: a clinical review. 
Orphanet journal of rare diseases. 2010;5:40. 11. Killoran A, Biglan KM, Jankovic J, Eberly S, Kayson E, Oakes D, 
et al. Characterization of the Huntington intermediate CAG repeat expansion phenotype in PHAROS. Neurology. 
2013;80(22):2022-7. 12. Paulsen JS, Hayden M, Stout JC, Langbehn DR, Aylward E, Ross CA, et al. Preparing for 
preventive clinical trials: the Predict-HD study. Arch Neurol. 2006;63(6):883-90. 13. Quarrell OW, Nance MA, 
Nopoulos P, Paulsen JS, Smith JA, Squitieri F. Managing juvenile Huntington's disease. Neurodegenerative disease 
management. 2013;3(3)14. Caron NS, Wright GEB, Hayden MR. Huntington Disease. In: Adam MP, Ardinger HH, 
Pagon RA, Wallace SE, Bean LJH, Stephens K, et al., editors. GeneReviews((R)). Seattle (WA)1993. 15. Southwell 
AL, Smith SE, Davis TR, Caron NS, Villanueva EB, Xie Y, et al. Ultrasensitive measurement of huntingtin protein 
in cerebrospinal fluid demonstrates increase with Huntington disease stage and decrease following brain huntingtin 
suppression. Scientific reports. 2015;5:12166. 16. Tabrizi SJ, Scahill RI, Owen G, Durr A, Leavitt BR, Roos RA, et 
al. Predictors of phenotypic progression and disease onset in premanifest and early-stage Huntington's disease in the 
TRACK-HD study: analysis of 36-month observational data. The Lancet Neurology. 2013;12(7):637-49. 17. Byrne 
LM, Rodrigues FB, Blennow K, Durr A, Leavitt BR, Roos RAC, et al. Neurofilament light protein in blood as a 
potential biomarker of neurodegeneration in Huntington's disease: a retrospective cohort analysis. The Lancet 
Neurology. 2017;16(8):601-9. 18. Wilson H, Politis M. Molecular Imaging in Huntington's Disease. International 
review of neurobiology. 2018;142:289-333. 19. Hayden MR, Martin WR, Stoessl AJ, Clark C, Hollenberg S, Adam 
MJ, et al. Positron emission tomography in the early diagnosis of Huntington's disease. Neurology. 1986;36(7):888-
94. 20. Schneider SA, Walker RH, Bhatia KP. The Huntington's disease-like syndromes: what to consider in patients 
with a negative Huntington's disease gene test. Nature clinical practice Neurology. 2007;3(9):517-25. 21. Jung HH, 
Danek A, Walker RH. Neuroacanthocytosis syndromes. Orphanet journal of rare diseases. 2011;6:68. 22. Mestre T, 
Ferreira J, Coelho MM, Rosa M, Sampaio C. Therapeutic interventions for symptomatic treatment in Huntington's 
disease. The Cochrane database of systematic reviews. 2009(3):Cd006456. 23. Armstrong MJ, Miyasaki JM. 
Evidence-based guideline: pharmacologic treatment of chorea in Huntington disease: report of the guideline 
development subcommittee of the American Academy of Neurology. Neurology. 2012;79(6):597603. 24. 
Tetrabenazine as antichorea therapy in Huntington disease: a randomized controlled trial. Neurology. 
2006;66(3):366-72. 25. Verhagen Metman L, Morris MJ, Farmer C, Gillespie M, Mosby K, Wuu J, et al. 
Huntington's disease: a randomized, controlled trial using the NMDA-antagonist amantadine. Neurology. 
2002;59(5):694-9. 26. Dosage effects of riluzole in Huntington's disease: a multicenter placebocontrolled study. 
Neurology. 2003;61(11):1551-6. 27. Saft C, Lauter T, Kraus PH, Przuntek H, Andrich JE. Dose-dependent 
improvement of myoclonic hyperkinesia due to Valproic acid in eight Huntington's Disease patients: a case series. 
BMC neurology. 2006;6:1128. Kieburtz K, McDermott MP, Voss TS, Corey-Bloom J, Deuel LM, Dorsey ER, et al. 
A randomized, placebo-controlled trial of latrepirdine in Huntington disease. Arch Neurol. 2010;67(2):154-60. 29. 
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6 
Gene Expression Profiling of depression in Huntington’s disease 
G. Colpo, N. Rocha, E. Furr Stimming, A. Lucio (Houston, TX, USA) 
Objective: This preliminary study was designed to investigate the gene expression profile by RNA-seq in HD 
patients with depression and without depression, and between subjects with HD and healthy controls. 
Background: Besides motor symptoms, Huntington’s disease (HD) is marked by cognitive impairment and 
behavioral changes. Among several psychiatric symptoms, depression is of great relevance as it is considered a 
significant burden for both individuals with HD and their caregivers [1]. In addition, the presence of depression is a 
predictor of suicidal ideations, attempts and completion [2]. Despite the high frequency and significance of 
depressive symptoms in HD, there is a lack of understanding of depression in HD. 
Methods: We performed  RNA-seq analysis of peripheral blood of HD patients with depression (n = 8), HD patients 
with no depression or history of depression (n=8) and healthy control subjects (n =8), all matched for age and sex. 
Preprocessing of data and between-group comparisons were calculated using DESeq2. The Wald test was used to 
generate p-values and log2 fold changes. Genes with a p-value < 0.05 and absolute log2 fold change > 1 were called 
as differentially expressed genes. In addition, we clustered differentially expressed genes by their gene ontology 
(GO) using GeneSCF and the enrichment of GO terms was tested by Fisher exact test. 
Results: In this exploratory analysis, we found 19 genes differently expressed between HD patients with depression 
and HD without depression. Among these genes, 6 were upregulated and 13 were downregulated (Figure 1). 
According to the GO analysis, these genes are involved in several pathways, such as apoptotic process, immune 
response, cell differentiation, establishment of mitochondrion localization, among others. In the analysis between all 
HD patients (n = 16) and healthy controls, we found 60 genes differently expressed, of which 21 were upregulated 
and 39 were downregulated (Figure 2). According to the GO analysis, these genes are involved in neuron migration, 
neuron cell-cell adhesion, brain development, nervous system development, among others. 
Conclusions: Based on our preliminary results, we suggest that different genetic pathways are involved in 
depressive phenotype in patients with HD. These information may lead to a better understanding of depression in 
HD, a more accurate diagnosis, and more effective treatments. 
References: [1] Ready RE, Mathews M, Leserman A, Paulsen JS. Patient and caregiver quality of life in 
Huntington's disease. Movement disorders: official journal of the Movement Disorder Society. 2008;23(5):721-6. 
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[2] Wetzel HH, Gehl CR, Dellefave-Castillo L, Schiffman JF, Shannon KM, Paulsen JS, et al. Suicidal ideation in 
Huntington disease: the role of comorbidity. Psychiatry research. 2011;188(3):372-6. 
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7 
Successful altruistic living kidney donation in a patient with Huntington’s disease 
C. Cooper, S. Chen, B. Bernard, J. Goldman (Chicago, IL, USA) 
Objective: To report a case of a Huntington’s Disease (HD) patient who underwent living kidney donation and 
examine the decision-making process and ethical considerations of this. 
Background: HD is an autosomal dominant, incurable, neurodegenerative disease with motor, cognitive, and 
psychiatric symptoms.  According to United Network for Organ Sharing, approximately 95,000 people within the 
United States await kidney donation, and many will die before receiving a new kidney. There are currently no 
published ethical or medical guidelines regarding kidney donation in persons with HD. 
Methods: A 46-year old Caucasian male with 6 years of clinically manifest and genetically confirmed HD wished to 
donate his kidney to an unnamed recipient. He first expressed interest in altruistic kidney donation with the thought 
that “he wanted to help others.” His clinical exam revealed moderate chorea, mildly impaired cognitive functions, 
and normal psychological functions. Discussions between the HD and transplant teams ensued as literature 
regarding this in HD is scant. Our patient underwent full neuropsychological testing revealing mild deficits in 
executive functions, recent memory, and visual perception, consistent with mild cognitive impairment, and stable 
psychological function. After completing prerequisite testing (i.e., laboratory and urine tests, ECG, chest x-ray, and 
CTA abdomen and pelvis, and neuropsychological testing) by the HD and transplant teams, he was deemed eligible 
for kidney donation. He underwent laparoscopic left-sided nephrectomy 16 months after first inquiry. 
Results: He tolerated the procedure well and had an excellent post-operative course. Follow up office visit one week 
post-op revealed discontinuation of pain medications and resumption of biking for transportation. His HD symptoms 
remained stable throughout hospitalization and post-operative course. 
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Conclusions: After undergoing the appropriate neurological, neuropsychological, and medical screening and pre-
operative work-up, we believe a diagnosis of HD is not an absolute contraindication for kidney donation. A team 
approach and communication between the HD and transplant teams are essential. Decision-making capabilities, 
cognitive status, co-morbid conditions, and support system must be taken into account. 

8 
The Huntington’s Disease-Behavioral Questionnaire (HD-BQ): A New Screening Tool for Behavioral 
Disturbances in HD 
J. Corey-Bloom, S. Aboufadel, I. Beltran-Najera, C. Snell, M. Williams, P. Gilbert (La Jolla, CA, USA) 
Objective: To examine the usefulness of a new behavioral questionnaire for patients with, and at risk for, 
Huntington’s disease (HD). 
Background: Behavioral changes, including apathy, depression, irritability, anxiety, disinhibition, and difficulty 
prioritizing and initiating activities, are characteristic features of HD. For families and caregivers, these changes are 
often the most distressing aspect of the disease. The assessment of these behavioral disturbances is therefore 
important. The HD-BQ consists of 30 items with a 3-point rating scale and takes about 5 minutes to complete. The 
maximum score is 90, with higher scores indicating more behavioral changes. 
Methods: The HD-BQ, Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), 
Unified Huntington’s Disease Rating Scale (UHDRS) Total Functional Capacity (TFC) and Total Motor Score 
(TMS), Problem Behaviors Assessment-Short (PBA-s), and Hospital Anxiety and Depression Scale (HADS) were 
administered to 98 HD, 68 pre-manifest HD (PM), and 106 control (NC) subjects. The HD-BQ was also 
administered to 55 HD caregivers. Analyses were performed controlling for age. The False Discovery Rate (FDR) 
was used to adjust for multiple comparisons. 
Results: The HD-BQ discriminated between HD (mean 31.4, range 0-79), PM (mean 22.7, range 0-73) and NC 
(mean 15.3, range 0-65) subjects (p < .001). Importantly, the HD-BQ identified significant differences between PM 
and NCs (p = .048) that traditional cognitive (SDM p=0.33; MoCA p=0.43; MMSE p=0.27), functional (TFC 
p=0.83), and motoric (TMS p=0.09) measures did not. Effect sizes, measured by Cohen’s D, were also 60% greater 
for the HD-BQ (d = 0.93) as compared to the HADS (d = 0.58) and PBA-s (d = 0.58) for NC vs HD subjects. 
Questionnaires completed independently by 55 HD subject/caregiver pairs indicated that there was a discrepancy in 
the perception of impairment between patients and their caregivers, with caregivers identifying significantly more 
behavioral changes (mean difference=14.9 points; p < .001). 
Conclusions: The HD-BQ is a quick, reliable instrument for screening behavioral changes in individuals with, and 
transitioning to, HD. Behavioral changes are a possible early marker for HD onset. When possible, information 
regarding behavior should be corroborated by an informant since HD patients tend to underestimate their 
impairment. 

9 
What connectivity tells us about neurodegeneration in Huntington disease? A fMRI study 
P. de Azevedo, M. Nogueira, L. Ribeiro, B. de Campos, R. Guimarães, L. Piovesana, F. Cendes, I. Lopes-Cendes, C. 
Yasuda (Campinas, Brazil) 
Objective: Our study investigated the impact of Huntington disease (HD) on brain connectivity, through resting-
state (RS) fMRI, among the most critical regions associated with physiopathology. 
Background: HD is an autosomal dominant neurodegenerative disorder that progressively affects motor, cognitive 
and behavioral control. Lately, there has been an effort to detail the cerebral dysfunction in HD patients [1]. Here we 
used resting-state fMRI to investigate alterations in functional connectivity. 
Methods: Resting-state fMRI (RS-fMRI) was acquired on 3T-PHILIPS from 22 patients (15 women, median age 52 
years, range 25-68) and 22 controls (15 women, median 51.5 years, range 24-64),  matched by age (p=0.9) and sex 
(p=1). RS images were preprocessed with UF2C-toolbox (running on MATLAB2014/SPM12). The same software 
was used for ROI parcellation, extraction of time series, matrix construction, and statistical analysis. In the primary 
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analysis, we selected 50 anatomical regions of interest (ROI) to investigate intranetwork and internetwork 
connectivity. The secondary analysis involved functional 18 ROIs selected from 4 RS-networks (Basal ganglia, 
sensorimotor, L/R Executive control networks). Reported results have a 0.05 alpha (FDR corrected for multiple 
comparisons). 
Results: Compared to controls, there were intranetwork and internetwork dysfunctions. The patient group presented 
reduced connectivity compared to controls between the following regions (p=0.005) [Figure 1]: right (R) and left (L) 
caudate; L-caudate with R/L pallidum and L-frontal operculum; R-pallidum with R/L putamen. Interestingly, there 
was only one increased connectivity measure in the HD subjects between the anatomical regions of R-cerebellum 
and R-angular gyrus. Concerning the functional networks [Figure 2], HD patients presented increased connectivity 
between R-executive control network and sensorimotor area (p=0.038). 
Conclusions: These results suggest that HD individuals present abnormal interactions of large-scale brain network 
(mostly reduced connectivity). Although all patients were right-handed, network dysfunction was similar in both 
hemispheres. The unique increased connection in patients involved an association area, probably associated with 
reading ability and mathematical processing in the dominant hemisphere [2]. Further investigation is necessary to 
evaluate the impact of such dysfunctional networks on both cognition, behavior and motor alterations. 
References: [1]Mapping the order and pattern of brain structural MRI changes using change-point analysis in 
premanifest Huntington's disease; [2] ww.atlasbrain.com/enx/glossary/A_glossary.htm. 
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10 
Neuromelanin MRI detects monoaminergic cell loss in Huntington Disease Expansion Gene Carriers 
E.R. de Natale, H. Wilson, G. Dervenoulas, F. Niccolini, S.J. Tabrizi, M. Politis (London, United Kingdom) 
Objective: To measure, with NM-MRI, the integrity of neuromelanin-containing monoaminergic cells in the SN 
and LC in Huntington Disease Gene Expansion Carriers (HDGECs) and compare with age and sex-matched Healthy 
Controls (HCs). 
Background: Huntington’s Disease (HD) is a neurodegenerative disease that affects primarily the Medium Spiny 
Neurons in the striatum. Neuropathological studies have demonstrated a late depletion of monoaminergic neurons in 
the Substantia Nigra (SN) and Locus Coeruleus (LC), which can mediate the late appearance of bradykinesia in 
these patients. However, no studies have investigated whether this degeneration is present in the early stages. 
Neuromelanin is a byproduct of the metabolism of monoaminergic cells and is a marker of integrity of both SN and 
LC cells. Neuromelanin-sensitive MRI (NM-MRI) is a recent neuroimaging technique that indirectly measures the 
in vivo neuronal integrity of these regions. 
Methods: 12 HDGECs (7 asymptomatic and 5 symptomatic, mean age 50.9±12.5, mean CAP score 90.9±25.1), and 
12 age-and gender-matched healthy controls (HCs), undertook NM-MRI with a 3-Tesla MRI scanner. Areas and 
volumes of the SN and LC were calculated and left and right values were averaged. Clinical measures included 
UHDRS, MMSE, MoCA, TMT, PBA, HADS, and PPT. Statistical analysis included Mann-Whitney U test and 
Spearman test for correlation. 
Results: Neuromelanin-positive SN and LC areas and volumes of HDGECs were significantly lower than HCs 
(P<0.0001 and P<0.001, respectively). Asymptomatic HDGECs showed decreased SN and LC compared with HCs 
(P<0.01). There was no significant difference between the area and the volume of SN and LC between the 
subgroups of asymptomatic and symptomatic HDGECs. Clinical-neuroimaging correlation showed an inverse 
correlation between LC areas and UHDRS chorea scores (rho=-0.588, P=0.04). No correlation was found with CAP 
score and p90 predicted age at onset. 
Conclusions: NM-MRI demonstrates a reduction of monoaminergic neuromelanin-containing cells in HD since the 
asymptomatic stage. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference 
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Quantification of regional iron content with Susceptibility Weighted Imaging in Huntington Disease 
Expansion Gene Carriers 
E.R. de Natale, H. Wilson, G. Dervenoulas, F. Niccolini, S.J. Tabrizi, M. Politis (London, United Kingdom) 
Objective: To assess brain iron content measured with SWI-MRI in HD gene expansion carriers (HDGECs). 
Background: Huntington’s Disease (HD) results in extensive neuronal cell loss, caused by several mechanisms, of 
which oxidative damage seems to play a major role. Previous studies suggest that brain iron content is increased in 
HD since the early stages, and that mutant huntingtin may alter cellular iron homeostasis. Susceptibility Weighted 
Imaging MRI (SWI-MRI) identifies iron content in brain regions, by exploiting the properties of magnetic 
susceptibility displayed by contents rich in iron compared with non-iron tissues. 
Methods: 12 HDGECs (7 asymptomatic and 5 symptomatic, mean age 50.9±12.5, mean CAP score 90.9±25.1), and 
12 age-and gender-matched healthy controls (HCs), were enrolled. All subjects underwent 3D high-resolution 
gradient echo SWI-MRI sequence with a 3-Tesla MRI scanner. High-pass filtered phase shift images were used to 
analyze regional iron content and bilateral shift values were averaged. Iron content was calculated by transforming 
the resulting shift value to radians. Neuroimaging data were correlated with clinical and neuropsychological 
variables. Statistical analysis included Kruskal-Wallis test, Mann-Whitney U test and Spearman test for correlation. 
Results: HDGECs showed increased iron content in Substantia Nigra, Red Nucleus, Ventral Striatum, Pallidum, 
Caudate and Putamen, compared with HCs (all, P<0.05). Asymptomatic HDGECs showed increased phase values, 
compared with HCs, in the Substantia Nigra (P=0.003), Ventral Striatum (P=0.02), and Putamen (P=0.02). 
Symptomatic HDGECs showed slightly significantly increased phase values, compared with asymptomatic 
HDGECs, in Ventral Striatum, Pallidum and Caudate (all P=0.048). Positive correlations were found between iron 
content in Ventral Striatum, Caudate and Putamen, and CAP score (P<0.005). Phase values in Ventral Striatum, 
Pallidum, Caudate and Putamen, also correlated with motor and cognitive scores. 
Conclusions: Our findings indicate increased iron content in areas affected by HD pathology from early premanifest 
stages which correlates with the degree of disease burden as quantified with the CAP score. Iron content measured 
through SWI-MRI can be a valuable cross-sectional biomarker of neuronal damage in HDGECs.This abstract was 
also submitted for presentation at the 2019 European Academy of Neurology conference. 

12 
Tumor Pathology in Patients with Huntington's Disease in a Specialized Center of Buenos Aires, Argentina 
(Preliminary Data) 
D. Dias, E. Gatto, J. Etcheverry, M. Cesarini, G. Da Prat, F. Peralta Calderon (Capital Federal, Argentina) 
Objective: To analyze the prevalence and type of neoplasms in patients with HD and to contrast it with the data of 
the general population in Argentina. 
Background: Huntington's disease (HD) is an autosomal dominant neurodegenerative entity. Characterized by 
choreic movements, behavioral, psychiatric alterations and cognitive deterioration. Caused by an expansion of the 
CAG triplet on chromosome 4p16.3, responsible for coding a protein called Huntingtin (HA). EH is within the 
group of Diseases related to Polyglutamine (EPolyQ) or expansion disorders of trinucleotides. In recent years 
emphasis has been placed on the role of EPolyQ and their risk in the development of oncological pathology. Several 
studies conducted trying to demonstrate a correlation between the two have shown dissimilar results. 
Methods: Database of patients with genetic diagnosis of HD evaluated by the department of abnormal movements 
of a specialized center, in the last 5 years. It was compared with the registry of the National Cancer Institute (INC) 
discharged in the publication of Epidemiological Surveillance year 2016. 
Results: From our series of 120 patients, 3 patients with diagnosis of confirmed neoplasia with histopathological 
study were identified. The prevalence in our series was 2.5%. Two male patients, one of them with Non-Hodgkin's 
Lymphoma (NHL), while the other, Undifferentiated Carcinoma of the Maxillary Sinus. The female patient 
presented NHL. Our country has middle-high cancer incidence with 217 cases per 100,000 inhabitants. 
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Conclusions: We have observed in our series a low number of neoplasms, this coincides with that observed in 
previous International Publications. However, we believe that it is necessary to increase the number of patients in 
our series to make statistically significant conclusions. In Argentina, as far as we know, there are no concrete data 
on this subject. 
References: 1. Roos RAC. Huntington’s disease: A clinical review. Orphanet J Rare Dis. 2010;5(1):2-9. 
doi:10.1186/1750-1172-5-40 2. Jimenez-Sanchez M, Thomson F, Zavodszky E, Rubinsztein DC. Autophagy and 
polyglutamine diseases. Prog Neurobiol. 2012;97(2):67-82. doi:10.1016/j.pneurobio.2011.08.013 3. Ross CA. 
Polyglutamine Pathogenesis. Neuron. 2002;35(5):819-822. doi:10.1016/S0896-6273(02)00872-3 4. Plun-Favreau H, 
Lewis PA, Hardy J, Martins LM, Wood NW. Cancer and neurodegeneration: Between the devil and the deep blue 
sea. PLoS Genet. 2010;6(12):1-8. doi:10.1371/journal.pgen.1001257 5. Sørensen SA, Fenger K, Olsen JH. 
Significantly lower incidence of cancer among patients with Huntington disease: An apoptotic effect of an expanded 
polyglutamine tract? Cancer. 1999;86(7):1342-1346. doi:10.1002/(SICI)1097-0142(19991001)86:73.0.CO;2-3 6. Ji 
J, Sundquist K, Sundquist J. Cancer incidence in patients with polyglutamine diseases: A population-based study in 
Sweden. Lancet Oncol. 2012;13(6):642-648. doi:10.1016/S1470-2045(12)70132-8 7. Coarelli G, Diallo A, Thion 
MS, et al. Low cancer prevalence in polyglutamine expansion diseases. Neurology. 2017;88(12):1114-1119. 
doi:10.1212/WNL.0000000000003725 8. Murmann AE, Gao QQ, Putzbach WE, et al. Small interfering RNAs 
based on huntingtin trinucleotide repeats are highly toxic to cancer cells. EMBO Rep. 2018:e45336. 
doi:10.15252/embr.201745336 9. Thion MS, Tézenas du Montcel S, Golmard J-L, et al. CAG repeat size in 
Huntingtin alleles is associated with cancer prognosis. Eur J Hum Genet. 2016;24(9):1310-1315. 
doi:10.1038/ejhg.2016.13. 

13 
Correlation between structural neuroimaging and clinical outcomes in a small sample of patients with early 
Huntington’s disease 
C. Estevez Fraga, E. Johnson, F. Rodrigues, P. Zeun, N. Hobbs, E. Rees, R. Roos, B. Landwehrmeyer, A. Durr, S. 
Gregory, R. Scahill, G. Rees, S. Tabrizi (London, United Kingdom) 
Objective: Scores on the symbol digit modalities test (SDMT), Stroop word-reading, Total Motor Score (TMS) and 
composite UHDRS (cUHDRS) are correlated with disease progression and brain changes in large samples of 
patients with Huntington’s disease (HD) [1]. 
Background: Participants were recruited from the PADDINGTON [2] study and comprised 49 early HD patients 
from 4 different sites . 
 
Statistical analysis was performed using Stata version 12.0. The boundary-shift integral (BSI) was used to calculate 
change over 15 months in whole brain, caudate and ventricular volumes. Baseline grey matter (GM), white matter 
(WM), whole-brain (WB) volumes and voxel-based morphometry (VBM) analysis were performed using SPM12. 
 
VBM results were considered significant at p<0.001. 
 
Methods: Ventricular BSI correlated with SDMT (p=0.038), Stroop (p=0.005), TMS (p=0.026) and cUHDRS 
(p=0.006). GM volume showed statistically significant correlations with SDMT (p<0.001), Stroop (p=0.03), TMS 
(p=0.001) and cUHDRS (p=0.045). WB volume correlated with SDMT (p<0.001), Stroop (p=0.045), TMS 
(p=0.02). Brain BSI showed correlations with Stroop (p=0.03) and cUHDRS (p=0.03)[RG1] , all results shown at an 
uncorrected level. 
 
VBM showed correlations between baseline GM volumes of several different subcortical nuclei with all clinical 
measures. (shown below in Image 1) 
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Results: There were statistically significant associations between clinical measures and change over time in brain 
volumes, suggesting that clinical decline is closely linked to ongoing pathology in HD. 
Conclusions: There were statistically significant associations between clinical measures and change over time in 
brain volumes, suggesting that clinical decline is closely linked to ongoing pathology in HD. 
References: [1] Tabrizi SJ, Langbehn DR, Leavitt BR, Roos RAC, Durr A, Craufurd D, et al. Biological and 
clinical manifestations of Huntington’s disease in the longitudinal TRACK-HD study: cross-sectional analysis of 
baseline data. Lancet Neurol [Internet]. 2009;8(9):791–801 [2] Hobbs NZ, Cole JH, Farmer RE, Rees EM, Crawford 
HE, Malone IB, et al. Evaluation of multi-modal, multi-site neuroimaging measures in Huntington’s disease: 
Baseline results from the PADDINGTON study. NeuroImage Clin 2013;2(1):204–11. 

 

14 
Translating Preclinical Data to a Human Equivalent Dose for AMT-130 AAV Gene Therapy for Early 
Manifest Huntington’s Disease 
M. Evers, M. de Haan, A. Valles-Sanchez, E. Sawyer, S. Gill, R. Roos, S. van Deventer, P. Konstantinova, J. Higgins 
(Amsterdam, Netherlands) 
Objective: To extrapolate the human equivalent dose (HED) for a Phase I/II clinical trial in adults to explore the 
safety, tolerability, and efficacy of striatally-administered recombinant adeno-associated virus serotype 5, 
microRNA huntingtin (rAAV5-miHTT; AMT-130) gene therapy to lower huntingtin protein (HTT) in the brains of 
early manifest Huntington’s disease (HD) patients. 
Background: Background: Preclinical data in HD animal models supports that lowering aberrant mRNA and 
mutant (mut)HTT protein species by AMT-130 ameliorates the molecular, neuropathological, metabolic, and 
clinical phenotype in HD. GLP toxicology and safety studies in non-human primates, have shown excellent 
tolerability, and safety of a single administration of AMT-130 using intraparenchymal convection enhanced delivery 
to the striatum. 
Methods: The HED to lower mutHTT was extrapolated using a regression plot based on the brain biodistribution in 
small and large HD transgenic models. Volumetric MRI of the putamen and caudate nuclei for each HD patient were 
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acquired. Real-time volume of distribution (Vd) and volume of infusion (Vi) data from non-human primates (NHPs) 
were used to estimate a scale-up factor for human delivery of AMT-130 gene therapy. 
Results: Bioanalytical modeling showed that brain protein lowering was linearly related to the number of AMT-130 
genome copies. The AMT-130 HED to achieve a 75% lowering of mutHTT in the striatum and 50% in the frontal 
cortex was 6 × 1013 gc/brain administered in a single dose. The mean volume of the early manifest HD patient 
putamen was calculated to be 3.11±0.54 cm³ (mean±SD). The volume of the entire caudate was 2.24 ±0.36 cm³. An 
infusion of 100 microliters with a Vd/Vi=2.0 filled two-thirds of the caudate and putamen in the NHPs. A factor of 5 
achieved the same filling into human caudate head and putamen. Despite the generalized cortical and striatal atrophy 
evident in HD patients, simulated surgical planning showed the feasibility to deliver gene therapy safely to both the 
caudate and putamen. 
Conclusions: We have determined the HED and injection volume to adequately cover the human putamen and 
caudate when treating early manifest HD patients. We designed a clinical study to detect changes in biomarkers and 
clinical parameters related to HD neuropathology. This clinical trial was cleared by the FDA for subject enrollment. 
 

15 
Cerebellar Ataxia in Patients with Huntington’s Disease, an underestimated symptom? 
G. Franklin, H. Teive, F. Germiniani, S.R. Raskin, G. PAVANELLI, S. MILANO, N. LIMA, O. BARSOTTINI, J. 
PEDROSO, F. MAGGI, V.T. TumaS, F. Carvalho, P. Azevedo, Í. LOPES-CENDES (CURITIBA, Brazil) 
Objective: To analyze the prevalence of cerebellar ataxia in patients with Huntington’s Disease (HD), both early 
and late on HD progression and correlating the degree of ataxia with other symptoms traditionally associated with 
HD. 
Background: HD is a hereditary neurodegenerative disorder characterized by progressive motor, cognitive and 
psychiatric changes. Motor symptoms are most commonly expressed as chorea and, less commonly, as 
parkinsonism, myoclonus and ataxia. Non-choreic symptoms such as ataxia are regarded as rare. 
Methods: We performed a multicentric cross-sectional study, in which we evaluated 124 patients with a genetically 
diagnosis of HD in 4 movement disorders centers in Brazil. Patients with advanced dementia, physical limitations 
that prevented proper examination or asymptomatic patients were excluded. Thus, 71 patients were eligible for the 
study. Classic scales used for assessing ataxia, SARA (Scale for Assessment and Rating of Ataxia) and BARS (Brief 
Ataxia Rating Scale), were applied in all patients, in addition to the Unified Huntington's Disease Rating Scale 
(UHDRS). 
Results: Of the 71 eligible patients, 41 patients had initial presentation of chorea, 12 of psychiatric disorder, 6 
presented as ataxia, 3 with cognitive symptoms, 1 with parkinsonism, 1 with tics and 7 was undetermined. The mean 
time of disease was 9.75 years. The disease duration ranged from 1.5 to 20 years. 67 patients had more than 3.5 
points on SARA scale, representing 94% of the patients. 25% of the patients evaluated had 10 points or higher on 
the SARA scale, despite having 40 points or less on the UHDRS scale. The genetic expansion CAG ranged from 39 
to 47, and was not correlated to the symptom of ataxia. 
Conclusions: The prevalence of cerebellar ataxia in Huntington's Disease seems to be much higher than showed in 
the literature, so that it seems to be present in virtually all patients with HD, and it is an early event during the 
pathological process of HD, so that ataxia can be seen as first symptom. Chorea and other classic signs of HD 
assessed by UHDRS do not progress proportionally to the symptoms of cerebellar ataxia assessed by SARA and 
BARS, suggesting that the damage to the cerebellum does not develop simultaneously with, but independently, from 
the well-known classical lesions in the striatum. 
References: 1. Becker N, Munhoz RP, Raskin S, Werneck LC, Teive HA. Non-choreic movement disorders as 
initial manifestations of Huntington's disease. Arq Neuropsiquiatr. 2007 Jun;65(2B):402-5 2. Squitieri F, Berardelli 
A, Nargi E, Castellotti B, Mariotti C, Cannella M, Lavitrano ML, de Grazia U, Gellera C, Ruggieri S. Atypical 
movement disorders in the early stages of Huntington's disease: clinical and genetic analysis. Clin Genet. 2000 
Jul;58(1):50-6 3. Rodda, R.A. Cerebellar atrophy in Huntington's disease. Journal of the Neurological Sciences. 
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1981 4. Rodríguez-quiroga S. A et al. Huntington’s disease masquerading as spinocerebellar ataxia. BMJ Case 
Reports. 2013. 5. Rüb U et al. Degeneration of the Cerebellum in Huntington’s Disease (HD): Possible Relevance 
for the Clinical Picture and Potential Gateway to Pathological Mechanisms of the Disease Process. Brain Pathology 
(2013) 165–177 
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Homozygous Huntington's disease with two reduced penetrance alleles: A Case Report 
K. Grimm, C. Zühlke, C. Gerloff, S. Zittel (Hamburg, Germany) 
Objective: To clinically characterize a Huntington's disease patient with two reduced penetrance alleles. 
Background: Huntington's disease (HD) is an autosomal dominant neurodegenerative disorder manifesting with 
motor, cognitive and psychiatric symptoms. A CAG triplet repeat expansion causes a pathological gain-of-function 
of the Huntingtin protein leading to neuronal death. The number of triplet repeats determines penetrance: 40 or more 
repeats cause full penetrance, 36 – 39 repeats reduced penetrance. Cases of homozygous CAG repeat expansions are 
rare and the link between homozygous genotype, disease severity and progression remains controversial. 
Methods: We report clinical characteristics of the patient and short-term follow-up investigations. 
Results: This 58-year-old male of Polish descent presented to our clinic with severe depression, clumsiness of the 
hands, walking difficulties and weight loss of 30 kg. Symptoms had developed slowly over the course of 18 months. 
Family history was negative. Neurological examination at initial presentation revealed generalized chorea, 
bradykinesia and gait impairment (Unified Huntington's Disease Rating Scale (UHDRS) 35). Psychiatric evaluation 
with the Beck Depression Inventory (BDI) indicated a major depression (BDI 39). MRI of the brain and laboratory 
investigations were normal. Of note, genetic testing showed CAG expansions with reduced penetrance on both 
alleles of the Huntingtin gene (38/39 triplet repeats). After five months, treatment with escitalopram and olanzapine 
had improved motor symptoms (UHDRS 28) and mood (BDI 12) markedly. In contrast, cognition worsened slightly 
(initial Montreal Cognitive Assessment (MoCA) 23; 19 at follow-up). 
Conclusions: There is no evidence for increased disease severity associated with two reduced penetrance alleles in 
our patient. Long-term follow up investigations are necessary to assess the influence on disease progression. 
Evaluation of efficacy and safety of novel Huntingtin-lowering therapeutic approaches in homozygous HD patients 
will be of special interest in the future and need to be carefully investigated in clinical trials. 
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17 
Insomnia as clinical onset symptom in Juvenile Huntington’s Disease: Evaluation of a Family 
M. Gultekin (Kayseri, Turkey) 
Objective: The aim of this study to emphasize that three juvenile form of HD cases who have insomnia as clinical 
onset symptoms. 
Background: Huntington’s Disease (HD) is an autosomal dominant progressive neurodegenerative disorder. It is 
caused by an abnormal expansion of a CAG repeat. The juvenile form of HD is characterised by an onset in 
childhood or adolescence. Juvenile form also involves changes in behaviour, mental function and sleep disorders. 
Many HD patients have sleep problems such as insomnia and daytime somnolence. There have been no large-scale 
systematic studies of in sleep in HD. 
Methods: The family consist of eight members. The parents are healthy mother and father with HD (number of 
CAG repeat: 50). There are six children. Three children (ages 11-F, 15-M, 19-F) had HD. Their CAG repeat was 
found respectively 55 (case-1), 69 (case-2), 52 (case-3). Case-1 is premanifest HD but she has had insomnia one 
year. Case-2, the patient have had mental disorders, seizures and insomnia for several years. Case-3, the patient has 
had insomnia and motor control problems for two years. 
Results: Sleep dysfunction in HD is likely to be under-diagnosed by clinicians and under-reported by patients 
because it seems that HD patients rarely complain to their doctors about sleep disturbance, and they do not show 
excessive daytime sleepiness. Our three cases’ onset syptom was insomnia then other syptoms were seen. 
Conclusions: In conclusion, juvenile HD patients may have frequent insomnia before the manifest stage of HD. 
References: 1- Douglas I, Evans S, Rawlins MD, Smeeth L, Tabrizi SJ, Wexler NS. Juvenile Huntington's disease:a 
population-based study using the General Practice ResearchDatabase. BMJ Open. 2013; 3:3(4). pii: e002085. doi: 
10.1136/bmjopen-2012-002085. Print 2013. 2- Quarrell O, O’Donovan KL, Bandmann O, et al. The prevalence of 
juvenile Huntington’s disease: a review of the literature and meta-analysis. PLoS Curr 2012;4. 
doi:10.1371/418606b742ef3. 3- Morton AJ. Circadian and sleep disorder in Huntington's disease. Exp Neurol. 2013 
May;243:34-44. doi: 10.1016/j.expneurol.2012.10.014. Epub 2012 Oct 22. 
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MRI, Clinical, and Neuropathological Findings after Bilateral Intra-striatal Administration of rAAV5-
miHTT in Non-human Primates 
J. Higgins, B. Blits, L. Spronck, A. Valles-Sanchez, M. Evers, S. van Deventer, P. Konstantinova, M. de Haan 
(Lexington, MA, USA) 
Objective: To assess the effects of intra-striatal administration of a huntingtin protein (HTT) lowering gene therapy 
in macaca fascicularis non-human primates (NHP). 
Background: The aggregation of abnormal HTT in Huntington disease (HD) leads to striatal and cortical atrophy 
on MRI. Gene therapy delivered to the striatum using a recombinant adeno-associated virus serotype 5 (AAV5) 
expressing microHTT RNA (rAAV5-miHTT) holds promise to lower HTT in the brain and slow HD progression. 
Methods: The striatum of four equal groups of sex-matched NHP (n=24), including one control group (vehicle) and 
three groups treated with escalating doses AAV5-miHTT, were infused in parallel with 4x100 microliters of 
rAAV5-miHTT by convection enhanced delivery (CED) using micro step-cannulae and real-time MRI guidance. At 
three and six months after administration, a 1.5T MRI was used to assess brain structure. Neuropathological 
assessments were performed at six months. 
Results: Cannulae were implanted in the striatum within 1.0 mm of the planned target in 97% of cases with an error 
of 0.5mm±0.03 (0.05-1.36 mm) [Mean±SEM (range)]. Neurological examinations did not show any sequelae related 
to the rAAV5-miHTT administration. MRIs were unremarkable in most NHPs (60%) at 6-months. T2-
hyperintensities surrounding the narrow injection track lessened from 40% at three months to 28% by six months. 
Extension beyond the injection track was infrequent with no differences between control or treated groups. 
Necropsy showed granulomatous inflammation at the injection sites and adjacent areas in all groups, including 
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controls. There was minimal perivascular cuffing and satellitosis adjacent to the injection sites in some NHPs 
administered rAAV5-miHTT. 
Conclusions: Intra-striatal administration of rAAV5-miHTT is precise, well tolerated and safe in NHP. MRI and 
histopathological findings were mainly related to the neurosurgical procedure and not to rAAV5-miHTT 
administration. 
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Withdrawn 

20 
The Roche HD Natural History Study – an external comparator by design 
G. Hooper, G. Palermo, F. Hlavac, C. Finnegan, E. Frick, L. Boak, R. Doody, S. Schobel (Welwyn Garden City, 
United Kingdom) 
Objective: The Roche Natural History (NH) study in Huntington’s disease (HD) (NCT03664804) is a prospective, 
longitudinal cohort study designed to provide further clinical validation of mutant huntingtin (mHTT) protein as a 
prognostic biomarker of disease outcome in early stages of manifest HD. The NH study will also be used as an 
external comparator group for the ongoing HD open-label extension study (OLE) (NCT03342053) to aid the 
interpretation of treatment effects of RG6042. Here, we describe the baseline demographic and clinical 
characteristics of both cohorts (NH and OLE), and test for comparability on key demographic and clinical features. 
Background: To reduce the potential for confounding from baseline cohort differences on clinical outcomes 
observed when using an external comparator group, the NH study has been designed to match participants to OLE 
participants on key demographic and clinical variables. The study design is comparable in terms of clinical, digital 
clinical, fluid biomarker and imaging outcomes utilised. Length of follow-up and assessment schedule for measures 
common to both studies is identical. 
Methods: Up to n=100 individuals with stage I or II HD are being enrolled and matched on parameters of disease 
stage (I or II), age (+/- 5 years), sex (M/F) and CAG repeat length (+/- 2), and followed prospectively in the 15-
month study, with key outcomes assessed at baseline, 3, 9, and 15 months. A matching algorithm was developed 
using the Almac IxRS system to facilitate enrolment of "matched" patients by constantly updating the list of 
unmatched OLE patients. 
Results: The comparability of patients in the NH study to the OLE cohort at baseline on disease stage, sex, age and 
CAG repeat length at both a group and individual matching level will be presented. Baseline symptom severity on 
key outcomes of the UHDRS including the Total Functional Capacity Scale, Total Motor Score, Symbol Digit 
Modality Test and Stroop Word Test, and the composite UHDRS (cUHDRS) will also be presented. 
Conclusions: The Roche HD NH study will provide important longitudinal data on the relationship between mHTT 
and specific measures of HD disease progression. By prospectively assembling an external control group through 
selective matching criteria in an NH study protocol, a comparison of outcome data between the NH and OLE studies 
will allow consideration of RG6042 effects versus natural disease progression. 

21 
Assessment of Gait in Huntington’s disease patients using EncephaLog smartphone’s application 
N.I. Inbar, N. Omer, A. Bar David, N. Geva, I. Dabakarov, L. Barsky, Z. Yekutieli, N. Giladi, T. Gurevich (Tel Aviv, 
Israel) 
Objective:  
Huntington’s disease (HD) patients cope with unique gait disturbances. Proper evaluation of gait in these patients is 
highly needed. Dyskinesia may negatively affect validity of gait assessments. Quantitative gait evaluation can 
currently be performed only in dedicated gait labs. This is a feasibility study aimed to assess an HD gait-analysis 
App using a standard smartphone, accessible for every physician and patient. 
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Background: Huntington’s disease (HD) patients cope with unique gait disturbances. 
Methods: Participants’ gait was evaluated using EncephaLog App, using a smartphone’s integral accelerometers 
and gyroscope for capturing the subject’s trajectory. For each subject, three Timed up-and-go test (TUG) sessions 
were recorded. Raw data was sent to a server where several gait biomarkers were extracted. Patients were also 
evaluated clinically ̶ physical, cognitive and functional data was collected. 
Results: 25 genetically confirmed HD patients (13 females) participated: Mean age: 52.3±13.79; CAG 
length:44.5±5.182; Disease duration: 6.7 years±4.12;UHDRS total score:38.25±14.48; UHDRS dyskinesia 
score:1.02 ±1.14;UHDRS gait score:1.04±0.55; Total functional capacity: 5.68±3.132; Mean MoCA 
score:18.6±4.55. 
There were substantial correlations between different gait parameters measured by EncephaLog system, for 
example: Stand-up time and Sit-down time (r=0.58, p=0.003), Rotation time and step length (r=0.61, p=0.0016), 
Medio-lateral sway and steps frequency (r=0.55, p=0.0048). Such correlations were kept for patients with high 
UHDRS dyskinesia scores. Correlation were found between EncephaLog outputs and Gait UHDRS scores (rotation 
time: r=0.72, p=0.0001; sit-down time: r=0.52, p=0.011; Medio-lateral sway: r=0.45, p=0.032). 
Conclusions: EncephaLog system was able to assess gait parameters in HD with acceptable accuracy. Participants 
cooperated well with the smartphone assessment, despite cognitive problems. Although chorea  ̶a common symptom 
in HD  ̶challenges biomarker-extraction from raw data, we found that using a combination of several motion-
capturing sensors was helpful for identifying key events in the TUG sequence. 
Further studies will be performed to validate the precision of quantitative gait analysis by EncephaLog App. 

22 
Comorbidities and medications in Huntington’s disease, Parkinson’s disease and the general population in a 
US claims database 
L. Ishihara, E. Wild, D. Oliveri (Welwyn Garden City, United Kingdom) 
Objective: This study characterises the comorbidities and symptoms, and treatment patterns of patients with 
Huntington’s disease (HD) vs patients with Parkinson’s disease (PD) vs the general population (GP) excluding 
neurodegenerative diseases. 
Background: MarketScan has been previously used to explore healthcare utilisation and direct medical costs among 
HD patients by stages of disease progression. In contrast, this study focuses on comorbidities and drug class of 
commonly used medications. US claims data can offer valuable insights on the natural history of HD and provide 
information on standard practices used in a real-world setting. 
Methods: Patients were matched by age, gender, database type (Commercial/Medicaid) and enrolment in a database 
prior to the index date (1st January 2017). Diseases and medications selected for this study were related to HD and 
its symptoms, as well as psychiatric comorbidities, common diseases and commonly used medications. All 
comorbidities were reported by International Classification of Diseases Version 10 (ICD-10) sub-heading, and 
specific comorbidities and symptoms defined using ICD-10 codes. Medications were reported by therapeutic class 
and defined using national drug codes. 
Results: A total of 587 patients with HD were matched to patients diagnosed with PD and GP controls (Table 1), of 
which 453 (77%) had at least one HD ICD-10 code recorded in 2017. Major depressive disorders and other anxiety 
disorders were the most frequently reported disease subheadings in patients with HD (30.8% and 32.7% 
respectively); incidences were also higher in patients with PD (22.3% and 29.3%) than in GP (8.9% and 16.2%) 
(Table 2). Patients with HD used antidepressants and antipsychotic therapies most (61.3% and 41.2% respectively), 
and at a higher frequency than in patients with PD (43.3% and 19.4%) and GP (25.4% and 8.5%) (Table 3). 
[Table 1] 
[Table 2] 
[Table 3] 
Conclusions: This study provides insights into the most common comorbidities of, and drug classes used by, 
patients with HD, compared with PD and GP. The results indicate that major depressive disorders and anxiety 
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disorders are common to both HD and PD relative to the GP. Antidepressants and antipsychotics are commonly used 
in HD. Further studies exploring specific comorbidities and their relationship to medication use in these patient 
populations are ongoing. 
References: Divino V, et al. J Med Econ. 2013; 16:1043–1050. Anderson KE, et al. J Huntingtons Dis. 2014; 
3:355–363. 
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23 
Neuroprotective and neurotrophic efficacy of Ginkgo biloba extracts against 3-nitropropionic acid-induced 
oxidative stress in a rat model of Huntington's disease 
P. Kashyap, S. Gupta (Darbhanga,, India) 
Objective: The present study examined the potential neuroprotective and neurotrophic efficacy of GBE against 3-
nitropropionic acid (3-NP)-induced oxidative stress in a rat model of HD and explored the mechanisms of action. 
Background: Huntington's disease (HD) is a progressive neurodegenerative disorder. Ginkgo biloba extracts 
(GBE), a phytoestrogen, has been widely used for treating coronary heart disease and neurological disease in clinical 
settings and demonstrated beneficial effects at biochemical and pharmacological levels. 
Methods: 60 Male SD  rats were pretreated with GBE (25 and 50 mg/kg b.w.) orally prior to the intraperitoneally 
(i.p.) administration of 3-NP (12 mg/kg b.w.) for 15 days. Nimodipine (12 mg/kg, po)  was used as positive control 
drugs. The body weight , grip strength and behavior were monitored within  5th, 10th and 15th day after 3-NP 
treatment. Then the animals were sacrificed, neuronal damage in striatum was estimated using Nissl staining. Hsp70 
expression was detected with immunohistochemistry. Reactive oxygen species (ROS) generation was measured 
using dihydroethidium (DHE) staining. Memory (Morris water maze) , antioxidants enzymes, acetylcholinesterase 
(AChE) activity, cycloxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) expression  were analyzed in 
rat model of HD . 
Results: Present results shown that administration of 3-NP resulted in a marked reduction in the body weight, 
memory, grip strength  locomotion activity and significantly increased oxidative stress, AChE activity, COX-2 and 
inducible iNOS expression. GBE   (25 and 50 mg/kg) treated animals exhibited a significant improvement in 
behavioural, biochemical, histological alterations and oxidative stress parameters in comparison to only 3-NP treated 
animals. Present results shown dose-dependently improved 3-NP-induced behavioral, biochemical, and enzymatic 
changes.  Similar effects were obtained with the positive control drugs nimodipine. 
Conclusions: This study suggests neuroprotective, neurotrophic and memory enhancing effects for GBE in a rat 
model of HD. These effects might be attributed to its antiaging, antioxidant and anti-inflammatory activities. 
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24 
Magnetic Resonance Spectroscopy Evaluation of Neuronal Integrity and Astrocytosis in a Phase 2 Study of 
Laquinimod as a Treatment for Huntington Disease (LEGATO-HD) 
B. Leavitt, R. Reilmann, M. Gordon, K. Anderson, A. Feigin, S. Tabrizi, J. Stout, P. Piccini, B. Russell-Schulz, A. 
Mackay, B. Borowsky, G. Rynkowski, R. Volkinshtein, J. Savola, M. Hayden (Vancouver, BC, Canada) 
Objective: Evaluate the effect of laquinimod on putaminal and frontal white matter markers of neuronal integrity 
and astrocytosis using magnetic resonance spectroscopy (MRS) in patients with early Huntington disease (HD). 
Background: MRS studies in HD indicated decreased putaminal concentrations of the neuronal marker, N-acetyl 
aspartate (NAA) between controls, premanifest HD, and early HD patients. The concentration of Myo-inositol (ml), 
a glial cell marker in the putamen, was increased in early HD vs premanifest HD and controls. Laquinimod, which is 
assumed to modulate inflammatory pathways involved in HD pathology, was evaluated in LEGATO-HD. This 
Phase 2 study did not meet its primary endpoint of change from baseline in UHDRS-TMS scores, but met its 
secondary endpoint of benefit in change from baseline in caudate volume loss. The present report describes an 
ancillary study evaluating the effects of laquinimod on MRS in LEGATO-HD. 
Methods: MRS scans were performed in 36 patients at baseline and week 52. Spectra were obtained using single-
voxel PRESS sequences in left putamen and frontal white matter for: total NAA (neuronal integrity),ml 
(astrocytosis), total creatine (tCr, brain energy metabolism), total choline (tCho, neuronal membrane turnover),and 
glutamate (a major CNS excitatory neurotransmitter) + glutamine (Glx). 
Results: In the putamen, [ml] was nominally significantly decreased in laquinimod-treated patients vs. placebo (p < 
0.05) at 52 weeks. There were no significant changes in laquinimod-treated groups vs. placebo for [tNAA], [tCr], 
[tCho], and [Glx] in putamen or for any frontal white matter parameters. 
Conclusions: The reduction in the glial cell metabolite ml in the putamen of early HD patients taking laquinimod 
compared to the increased ml levels of HD patients in the placebo group over 52 weeks suggests that laquinimod 
treatment decreases astrocytosis and gliosis, consistent with its known in vitro and in vivo effects on 
neuroinflammation. 
The LEGATO-HD Study was sponsored by Teva Pharmaceuticals Ltd in collaboration with HSG and EHDN, and is 
registered as NCT02215616-clinicaltrials.gov and 2014-000418-75-EudraCT. 

25 
Exploring the effects of intrastriatal AAV5-miHTT therapy on MRS signal and mutant huntingtin levels in 
the Q175FDN mouse model of HD 
B. Leavitt, A. Vallès, A. Stam, C. Brouwers, V. Fodale, A. Bresciani, A. Hill, A. Yung, B. Russell-Schulz, P. 
Kozlowski, A. Mackay, D. Ma, F. Beg, J. Higgins, S. van Deventer, M. Evers, P. Konstantinova (Vancouver, BC, 
Canada) 
Objective: To assess the effects of intrastriatal AAV5-miHTT therapy on MRS signal and mutant huntingtin levels 
in the Q175FDN mouse model of HD. 
Background: Huntingtin (HTT)-lowering therapies are currently in clinical testing for Huntington’s disease. The 
development of improved non-invasive translational efficacy measures will be crucial for the assessment of HTT-
lowering therapies in HD patients. 
Methods: We explored the use of a non-invasive technique, magnetic resonance spectroscopy (MRS), as a potential 
in vivo measure of the effects of HTT lowering using an adeno-associated virus serotype 5, engineered microRNA 
vector targeting human HTT (AAV5-miHTT). Three-month-old homozygous Q175FDN HD mice were injected 
bilaterally into the striatum with formulation buffer (sham), low (5.2 X 109 gc/mouse) or high (1.3 X 1011 
gc/mouse) doses of AAV5-miHTT. Wild-type (WT) mice injected with formulation buffer served as controls. T1-
weighted structural MR imaging (MRI) and striatal MRS were performed 3 months after injection, and shortly 
afterwards the animals were sacrificed to collect brain tissue. 
Results: Decreased total N-acetylaspartate (tNAA, neuronal integrity marker) and increased myo-inositol (mI, 
gliosis marker) levels were found in Q175FDN sham-treated mice with respect to WT controls, similarly to previous 
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observations in the putamen of HD patients. These findings were reversed in the Q175FDN high-dose AAV5-
miHTT treated mice with higher levels of tNAA and reduced levels of mI compared to sham-treated Q175FDN 
mice. Structural MRI showed reduced volumes in striatum, cortex, hippocampus and thalamus of Q175FDN mice 
versus WT controls, with partial reversal of hippocampal volume loss in the high-dose AAV5-miHTT treated mice. 
Dose-dependent changes in AAV5 vector DNA level, miHTT expression and HTT protein were observed in 
striatum and cortex. Correlations were shown between tNAA MRS levels and AAV5 vector DNA, miHTT and HTT 
protein levels in striatum and cortex, suggesting a direct relationship between our AAV5-miHTT therapy, HTT 
lowering and the striatal MRS signal. 
Conclusions: Striatal MRS analysis suggests a restoration of neuronal function and partial reversal of gliosis after 
AAV5-miHTT treatment, strengthening the therapeutic potential of AAV5-miHTT in lowering HTT and reversing 
the neuropathology of HD, and supporting the use of MRS for HTT-lowering clinical trials in HD. 
References: None 

26 
Reliability, feasibility and validity of a novel digital monitoring platform assessing cognitive and motor 
symptoms in people with Stage I and II Huntington’s disease (HD) 
F. Lipsmeier, C. Simillion, A. Atieh Bamdadian, A. Smith, S. Schobel, C. Gossens, P. Weydt, E. Wild, M. Lindemann 
(Basel, Switzerland) 
Objective: To determine the reliability and convergent validity of a novel digital monitoring platform offering 
objective, daily assessment of cognitive and motor symptom severity in HD. 
Background: Longitudinal monitoring of HD signs and symptoms through frequent, home-based testing promises 
to enhance standard clinical testing methods that are potentially limited by natural symptom fluctuations, inter-rater 
variability and subjectivity. A preliminary analysis of the ongoing RG6042 open-label extension study (OLE) 
(NCT03342053) demonstrated that frequent remote monitoring yields reliable and valid measures of cognition and 
motor symptoms in HD when compared with established clinical measures [1]. 
Methods: The HD Digital monitoring platform includes a smartphone application with seven active tests (Symbol 
Digit Modalities Test [SDMT], Stroop Word Reading, Speeded tapping, Chorea, Balance, U-turn, and 2-minute 
walk test) and continuous passive monitoring. This platform is used in an ongoing, natural history study in patients 
with Stage I/II HD (NCT03664804). A cross-sectional baseline analysis will be conducted. We will extract 
predefined sensor features (e.g. number of correct responses on the SDMT and U-Turn turn speed) from active tests 
and passive monitoring, as carried out in a cross-sectional baseline analysis with a similar HD population (RG6042 
OLE [1]). Features will be averaged from all tests performed over a 2-week period and compared with standard 
clinical measures at baseline. Intra-class correlation coefficients and Spearman correlations will be used to quantify 
test-retest reliability, and convergent validity of novel digital measures compared with equivalent standard in-clinic 
tests. 
Results: We will report on preliminary adherence to demonstrate acceptance and feasibility of the approach. We 
will evaluate the test-retest reliabilities of active test features and compare with those collected in a separate study. 
Results will be reported for correlations of digital test features with related clinical scores. 
Conclusions: Further evidence of the feasibility, validity, and reliability and agreement between digital and 
established clinical measures will support continued use of frequent remote digital monitoring measures of cognitive 
and motor symptom severity in patients with HD. 
References: 1. Lipsmeier F, et al. Neurology. In press; Presented at American Academy of Neurology 2019 Annual 
Meeting. 

27 
Grey-matter volume changes underpinning irritability and aggression in early manifest Huntington’s disease 
S. Martinez-Horta, F. Sampedro, J. Perez-Perez, A. Horta-Barba, J. Pagonabarraga, J. Kulisevsky (Barcelona, 
Spain) 
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Objective: To explore grey-matter volume (GMV) differences between early-stage Huntington's disease (HD) 
patients with and without significant irritability/aggression symptoms (IAs) and to assess it association with other 
clinical variables. To explore grey-matter volume (GMV) differences between early-stage HD patients with and 
without significant irritability/aggression symptoms (IAs) and to assess it association with other clinical variables. 
Background: Irritability is a frequent neuropsychiatric feature of HD that ranges from bad temper to aggressive 
outbursts. Irritability and aggression have an enormous impact over patients and caregivers. However, irritability has 
been scarcely studied in HD and little is known on the neural mechanisms sub-serving its presentation. 
Methods: We rated the severity of IAs in 31 early HD participants using the Problem Behaviors Assessment for HD 
(PBA-s). The IAs score was computed as the mean severity score for the irritability and aggression PBA-s items, 
assuming an IAs score > 2 as clinically relevant. A voxel-wise group comparison was performed using age, 
UHDRS-TMS, severity of other PBA-s items and disease burden as covariates. 
Results: Seventeen participants were classified as presenting “significant IAs”. In this group, higher 
obsessive/compulsive score was found (p=0.03). No other differences existed in sociodemographic and clinical 
variables. The IAs group showed lower GMV in the basal ganglia (bilateral caudate nucleus/putamen/pallidum), 
thalamus (pulvinar), medial orbital prefrontal cortex (BA 11), subgenual area (BA25), bilateral mid temporal gyrus 
and superior temporal pole. Lower GMV in the basal ganglia, thalamus, mid temporal gyrus and BA11 was 
associated with reduced semantic verbal fluency. Higher anxiety and suicidal ideation was associated with lower 
GMV in the thalamus and BA11 respectively. Lower GMV in BA11 was also associated with lower performance in 
the Stroop interference. 
Conclusions: In HD, irritability and anger are subserved by GMV decreases in a set of fronto-temporal and basal 
ganglia structures that in general population are functionally associated with the expression of anger, social 
cognition, affect and decision making. These changes are not explained due to the influence of other clinical 
variables and correlate with poorer access to semantic knowledge, poorer inhibitory control, and with increased 
anxiety and suicidal ideation. 

28 
Normative Curves for Selected Unified Huntington Disease Rating Scale Measures 
J. Mills, J. Long, A. Mohan, J. Ware, C. Sampaio (Iowa City, IA, USA) 
Objective: To examine the effects of natural aging for those without Huntington disease (HD) gene expansion and 
to develop normative curves by age, sex, and education from the distribution of observed scores for the Symbol 
Digit Modalities Test (SDMT), Stroop Word Reading Test (SWRT), Total Motor Score (TMS), and Total 
Functional Capacity (TFC) from the UHDRS along with their composite, known as the composite UHDRS 
(cUHDRS) [1]. 
Background: The progression of HD for gene-expanded carriers (HDGEC) is well-studied. Natural aging effects, 
however, are not often considered in the evaluation of HD progression. 
Methods: After combining longitudinal REGISTRY [2] and Enroll-HD [3] data from the most recent periodic 
dataset (PDS4 from Enroll-HD), we fit natural cubic splines with a knot at the median age using linear quantile 
mixed models [4] for participants without HD gene expansion (N = 3731, N observations = 9451). Normative curves 
were estimated for the 0.05, 0.25, 0.50, 0.75, and 0.95 quantiles. Two types of reference curves were considered; 
unconditional curves were only dependent on age while conditional curves were dependent on age and other 
covariates (e.g., education and/or sex) [5]. 
Results: Conditioning on education was necessary for SDMT, SWRT, and cUHDRS. Unconditional curves were 
sufficient for the TMS. TFC was unique in that the curve was constant over age with its intercept being at the 
maximum score (TFC=13). For all measures, sex effects were minimal so conditioning on sex was 
unnecessary. [figure1] 
Conclusions: Extreme quantile estimates (e.g., the 0.05 quantile) for each measure (SDMT, SWRT, TMS, and 
cUHDRS) can be considered as boundaries for natural aging and HDGEC scores falling beyond these thresholds are 
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likely the result of HD progression. Normative curves and tables are developed that can serve as references for 
clinical characterization of HDGEC. 
References: 1. Schobel SA, Palermo G, Auinger P, Long JD, et al. Motor, cognitive, and functional declines 
contribute to a single progressive factor in early HD. Neurology. 2017;89(24):2495-2502. 2. Orth M, Handley OJ, 
Schwenke C, Landwehrmeyer B. Observing Huntington’s disease: the European Huntington’s disease network’s 
REGISTRY. Journal of Neurology, Neurosurgery, and Psychiatry. 2010;82:1409–12. 3. Landwehrmeyer BG, Fitter-
Attas C, Giuliano J, et al. Data analytics from Enroll-HD, a global clinical research platform for Huntington’s 
disease. Movement Disorder Clinical Practice. 2016;4:212–24. 4. Geraci M and Bottai M. Linear quantile mixed 
models. Statistics and Computing. 2014;24(3), 461–479. 5. Wei Y, Pere A, Koenker RW, He X. Quantile regression 
methods for reference growth charts. Statistics in Medicine. 2006 ;25(8):1369-1382. An earlier version of this 
abstract was accepted as a poster presentation at the HD Therapeutics Conference, Palm Springs, CA, February 25-
28, 2019. 

 

29 
A Unified Staging System for Prodromal and Manifest Huntington’s disease 
A. Mohan, Z. Sun, S. Ghosh, Y. Li, Y. Cheng, J. Hu, C. Sampaio (Princeton, NJ, USA) 
Objective: To develop an integrated staging methodology for Prodromal and Manifest Huntington’s disease (HD). 
Background: Once HD is diagnosed clinically (also known as, motor-onset/manifest), HD is categorized into five 
functional stages by an expert-derived scale (1). However, this classification omits pre-manifest (or, pre-motor 
onset) HD strata. Since the prodromal stage spans several decades, the inability to stage prodromal patients is a 
crucial rate-limiting step to earlier clinical trials. Here we describe a novel, agnostic staging model for classification 
of phenotypes from prodromal and manifest HD patients. 
Methods: Four observational studies (PREDICT-HD, REGISTRY, TRACK-HD&ON, Enroll-HD) are integrated 
into a database of 19,136 participants with 2079 outcomes recorded longitudinally. We apply machine learning 
methods (Latent Variable Analysis and Continuous-Time Hidden Markov Models) to this dataset to develop a 
probabilistic staging model learned through variational Bayes method and EM algorithm. 
Results: HD progression covering ~36 years (~16 years pre- motor onset, ~10 years in transition, and ~10 years 
post- motor onset) is classified into nine distinct phenotypes. The annual transition probability between successive 
phenotypes ranges from 5% - 27% with higher transition probabilities associating with longer polyglutamine 
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repeats. Among the earliest changes (10 – 15 years) prior to motor onset are striatal volume declines and 
deteriorating cognitive (e.g. SDMT, SCNT and SIT) and motor outcomes (e.g. TMS). 
Conclusions: HD phenotypes can be segregated into nine groups with varying combinations of motor, cognition and 
function measurements. Assignment to each of the nine groups predicts future outcome what implies that each of the 
groups is a diseases stage. Unlike the traditional classification that only considers HD patients post-onset, our model 
serves to classify a larger portion of HD gene carriers. We find that inter-group progression rates are modulated by 
CAG lengths with higher CAGs accompanied by higher transition probabilities. These varying transition 
probabilities between stages can be used to rationally guide the design of future HD clinical trials in premanifest 
participants. 
References: [1] Shoulson I, Fahn S Huntington disease: clinical care and evaluation. Neurology 1979;29:1-3 [2] 
Ghosh, Soumya et al. AMIA Summits on Translational Science proceedings. 2017, 92-102. [3] Sun, Zhaonan et al. 
AMIA Annual Symposium Proceedings. 2017, 1635-1644. [4] Sun, Zhaonan et al. JAMIA Open. 2019, ooy060. 

30 
Seeking regulatory feedback on novel clinical outcome assessments: a case example from the Huntington’s 
Disease - Regulatory Science Consortium (HD-RSC) 
A. Mullin, R. Fuller, G. Stebbins, J. Stout, A. Robbins, P. Feigenbaum, M. Roche, E. Gantman, C. Sampaio, M. 
Brumfield (Tucson, AZ, USA) 
Objective: To align with regulators on the utility and development strategy of novel clinical outcome assessments 
for use in Huntington’s disease (HD) clinical trials. 
Background: The HD-RSC is a joint activity of the Critical Path Institute and CHDI Foundation and is creating and 
pursuing a regulatory science strategy for HD. Emerging therapeutics targeting interventions in early disease, in 
some cases prior to formal HD motor diagnosis, pose a significant challenge for outcome measures in the pre-
diagnosis period. Specifically, the field needs to align on clinical outcome assessments (COAs) that are sensitive to 
the early non-motor symptoms present in early HD. There are several domains of interest in these populations in 
addition to motor outcomes, including functional, cognitive, and behavioral assessments. Appropriate tools are 
needed to optimize outcome strategies to evaluate potential beneficial therapeutic effect. 
Methods: Launched in 2018, the HD-RSC includes 15 industry members in addition to scientific academic advisors 
and advocacy organization representatives. Consortium working groups (WGs) focus on different aspects of clinical 
trial design optimization and standardization of efficacy assessments in HD. Members of the COA WG within the 
HD-RSC met with the FDA in April 2019 to discuss existing data and to gain feedback on the prospective study 
designs for the validation and use of a functional assessment and a cognitive assessment in HD clinical trials. 
Results: Feedback from the discussion with the FDA was incorporated into outcome measurement development 
processes and is being used to guide additional studies. 
Conclusions: To advance novel treatments lacking regulatory precedent, early alignment with regulators is essential 
to the development of tools that will be used in clinical programs. Further, alignment during tool development helps 
accelerate the regulatory review and ultimate approval of emerging therapeutics. Public-private partnerships and 
consortium-based approaches provide an ideal platform to pursue informal interactions with regulators and engage 
directly with review divisions (Maxfield 2017). 
References: Maxfield KE, Buckman-Garner S, Parekh A. The Role of Public-Private Partnerships in Catalyzing the 
Critical Path. Clin Transl Sci. 2017 Nov;10(6):431-442. doi: 10.1111/cts.12488. Epub 2017 Aug 3. 

31 
Prevalence of Huntington’s Disease in Sardinia, Italy 
A. MURONI, M.R. MURRU, T. ERCOLI, V. MELAS, E. CASAGLIA, M. MELIS, E. COCCO, G. DEFAZIO 
(Monserrato, Italy) 
Objective: We have performed a service-based epidemiological analysis extended to the population residing in 
Sardinia. The socio-cultural isolation of this large Mediterranean island makes genetic structure of Sardinians more 
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homogeneous than the Italian population (and also of many European populations).On the prevalence date, 
December 31st, 2017, there were 1.648.176 inhabitants. 
Background: The prevalence of Huntington disease (HD) may vary considerably, depending on the population and 
geographc area under study. In Italy, only two epidemiological estimation were reported after the genetic diagnostic 
test became available in1993. The prevalence estimates from the two studies (one published in abstract form alone) 
referred to restricted geographic areas from continental Italy and ranged between 2.48/100000 [1] and 10.85/100000 
[2]. 
Methods: To identify HD patients we referred to multiple sources, including 10 local neurological services, other 
major neurological services in Italy, and the only one Sardinian reference point for genetic testing. 
Results: A total of 51 symptomatic HD patients, aged 21 years or more, were identified. The correspondent 
prevalence rate was 3.1 per 100,000 inhabitants. The median CAG repeat lengths in normal allelles from both 
affected and unaffected individuals was 18 (range, 15 to 24). 
Conclusions: Crude prevalence rates were remarkably higher in the inner part of Sardinia (Nuoro county: 
4.3/100.000 inhabitants; and South Sardinia county: 4.8/100.000) than in the other counties (Cagliari county: 
2.1/100.000 inhabitants; Sassari county: 3.04/100.000 inhabitants; Oristano county: 0.62/100.000), thus suggesting a 
founder effect. 
References: [1] Reverberi L, Contardi S, Fioravanti V, Cavallieri F, Codeluppi L, Valzania F. Epidemiological 
study on Huntington's disease in the districts of Modena and Reggio Emilia (Italy). [Abstract]. Mov. Disord. 29, 
Suppl 1: 582 (2014). [2] Squitieri F, Griguoli A, Capelli G, Porcellini A, D'Alessio B. Epidemiology of Huntington 
disease: first post-HTT gene analysis of prevalence in Italy. Clin Genet. 2016 Mar;89(3):367-70. 

32 
Huntington’s disease: A case review of Sub-Saharan Africans with diverse origins 
M. Muthinja, J. Hooker (Nairobi, Kenya) 
Objective: To characterise the Huntingtons disease phenotype in Sub-saharan Africans. 
Background: Huntington’s disease (HD) is a debilitating neurodegenerative illness that leads to diminished 
cognitive function, psychological disturbance and movement disorders. A polyglutamine extension mutation on 
exon 1 of Chromosome 4 is postulated to be the cause of Huntington’s disease. This neurodegenerative illness is 
reported to occur in 10 cases per 100,000 populations among people of European ancestry. However, the true global 
Huntington’s prevalence is unknown due to a lack of comprehensive studies in African and Asian populations. Less 
than 10 studies focusing on two Southern African countries have been used to estimate the prevalence of HDon the 
African continent. 
Methods: Patient data from the last five years was assessed by analysing clinical observations from the last five 
years. Patient Huntington's disease pedigree maps were drawn according to self reported family histories. 
Results: Here we extend Huntington’s diseases observations to populations in East Africa and report for the first 
time clinical cases outside of Southern Africa. Our clinical data shows that Huntington’s disease is present in 
Africans of diverse ancestries such as Nilotes and Bantu. 
Conclusions: Our observations also emphasize a need to reassess Huntington’s disease prevalence on the African 
continent. Taken together, these findings also pave the way for a deeper interrogation of the genetic HD locus 
among Africans of diverse ancestries. 
References: [1] T. Pringsheim et al. Movement Disorders Vol. 27 2012 [2] A.D.Krause et al., American Journal of 
Medical Genetics, Vol.168, 2015. [3] N. Peerbhai et al., Journal of Neurological Science Vol. 390, 2018. 

33 
Intermediate CAG repeat length in the HTT gene and comorbidity - The SHAPE Study (Swedish-Huntingtin-
Alleles-and-PhenotypE) 
V. Niemelä, M. Ghazarian, E. Stattin, J. Sundblom (Uppsala, Sweden) 
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Objective: To 1) determine the distribution of CAG repeats of the Huntingtin gene in a Swedish general population 
sample, 2) explore the phenotype caused by specific CAG repeat numbers, with focus on the Intermediate Alleles 
(IA, 27-35 repeats). 
Background: Behavioral symptoms have been attributed to carrying IAs. However, these findings come from 
Huntington’s disease families and confounding by genetic modifiers cannot be ruled out. 
Methods: DNA-samples from 8272 individuals were retrieved from a study of first-ever myocardial infarction (MI), 
thus without connection to HD. Each MI case was (age- and sex-) matched with two controls from the medical 
biobank of Umeå University Hospital. Baseline self-assessed health and demographic data was collected from 
participants of the MI-study cohort. 
Results: CAG-repeat numbers of 7387 individuals were successfully measured of which 503 subjects (6.8%) were 
IA-carriers, 30 subjects (0.4%) had a reduced penetrance allele (36-39 repeats), and 2 individuals had a full 
penetrance allele (>39 repeats). In brief, self-assessed health ratings between carriers of IAs vs. normal alleles did 
not differ. The analysis was limited by incomplete data on some of the questionnaires. 
Conclusions: This population has among the highest ever reported prevalences of IAs and numerically includes the 
largest single cohort of IAs to date The frequency of reduced penetrance alleles was surprisingly high, 1/250 
individuals. While self-assessed health does not seem to depend on carrying IAs, a future national registry-based 
study of this cohort aims to clarify if IA carriers have excess psychiatric comorbidity. 

34 
A global survey on speech language therapists' awareness to Huntington's disease 
A. Nuzzi, S. Naor, N. Inbar, T. Gurevich, Y. Manor (Santeramo in Colle, Italy) 
Objective: To investigate the awareness and knowledge of speech and language therapists (SLTs) on Huntington’s 
disease (HD) worldwide, and to explore the clinical practice and related concerns of professionals, working with this 
rare movement disorder. 
Background: HD is a devastating disease with a multi-organ involvement. Referral to SLT for the treatment of 
speech and swallowing disturbances is recommended since the early stage of HD. 
Methods: An online survey has been distributed to SLTs from 34 different countries. The survey was composed by 
3 main parts. The first section was designed to collect information about the country, the education, and the area of 
working experience. The second section investigated the knowledge of SLTs on HD. The last section was intended 
to SLTs who treated HD patients, and aimed to collect the numbers of patients encountered, the disease stage and 
the collaborations within the multidisciplinary team. 
Results: 858 SLTs responded to the survey. The mean working experience was 10.87 years (SD=9.82; range 0.4-
50). 639 SLTs (74.5%) had previous experience with treating neurological diseases. 815 respondents (95%) have 
heard about HD and were aware mainly of the swallowing and speech difficulties occurring in the disease. The 
43.3% of the sample (353 SLTs) has treated HD patients during own working experience, of which 230 SLTs have 
treated at least 1-5 patients, 52 SLTs have treated 6-10 patients, 25 SLTs have treated 11-19 patients, and 44 SLTs 
>20 patients. The SLT referral was mainly for dysphagia (91.7%), communication difficulties (55%), and for 
dysarthria (50.7%). The HD population treated was mostly in the early-middle stage (59%) and middle-late stage 
(75%). The majority of SLTs working with HD patients (91%) collaborated within a multidisciplinary team. The 
lack of evidence and professional knowledge were the main concerns in treating this disease. The need of 
specialized centers and interdisciplinary collaboration have been also highlighted in order to maintain the QoL of 
this population. 
Conclusions: HD is mainly treated by a multidisciplinary team, in which dysphagia is the main concern for 
treatment by SLT. Educational activities on HD should be conducted to the team members in order to increase the 
knowledge on this rare disease. 
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35 
Multimodal characterization of the visual network in Huntington’s disease 
O. Odish, S. Gregory, I. Mayer, J. Mills, E. Johnson, R. Scahill, J. Rothwell, G. Rees, J. Long, S. Tabrizi, R. Roos, 
M. Orth (Leiden, Netherlands) 
Objective: To examine the relationship between structural organization, functional processing and task performance 
of the visual system in a cohort of Huntington’s disease (HD) gene-mutation carriers and healthy controls using 
multimodal and electrophysiological data. 
Background: Although characteristically defined by motor, cognitive and neuropsychiatric symptoms, there is 
mounting evidence that the visual cortex is one of the earliest cortical regions to be affected by degeneration in HD. 
[1] Examining localized structure-function relationships in HD can help differentiate between network-wide changes 
that are specific to the presence of the Huntingtin gene (HTT) mutation and those which represent natural biological 
variability. 
Methods: Participants were recruited from the Leiden site of the international multicenter Track-On HD study and 
comprised of 20 HD gene-mutation carriers (mean age 49.2 years, 12 female) and 24 healthy controls (mean age 
52.5 years, 16 female). We obtained multimodal 3-T MRI (cortical thickness, diffusion tensor imaging tractography, 
resting state fMRI effective connectivity) and electrophysiological data (visual evoked potentials). Furthermore, task 
performance on two well-established visual processing tasks were obtained: Map Search and Symbol Digit 
Modalities Test. 
Results: Using principal component analysis, we identified patterns that indicate a close relationship between 
structural organization of the visual system and efficient functional processing. One such pattern related higher 
primary visual cortical thickness, lower diffusivity in the visual pathway and higher effective connectivity between 
the visual thalamic region and primary and association regions of the visual cortex. This was common to both 
controls and HD participants suggesting a naturally occurring pattern that was not substantially influenced by the 
HTT mutation. However, HD participants had higher diffusivity in white matter tracts of the visual pathway, less 
efficient top-down processing and reduced VEP responsivity. 
Conclusions: These findings suggest that HD may be associated with a less effective visual processing system. 
However, the lack of correlation with visual task performance indicates a possible dissociation between behavior 
and the assessed properties of the visual network in the brain at rest or alternatively, the possible effects of 
compensatory processes. 
References: [1] Odish OFF, Reijntjes RHAM, van den Bogaard SJA, et al. Progressive microstructural changes of 
the occipital cortex in Huntington’s disease. Brain Imaging Behav. 2018; 12:1786-1794. 

36 
Burden of Huntington’s disease in the US: Analysis of an insured population 
K. Raimundo, J. Luo, R. Tan, T. To, R. Fuller, J. Warner (South San Francisco, CA, USA) 
Objective: To describe the healthcare resource utilization (HRU) in Huntington’s disease (HD) in private 
(commercial) and public (Medicare and Medicaid) insurance plans in the US. 
Background: HD is a genetic, neurodegenerative and ultimately fatal disease that affects about 37,000 people in the 
US. Little is known about the overall burden of HD to the US healthcare system. 
Methods: We performed a retrospective analysis of Marketscan Commercial, Medicare Supplement & Medicaid 
insurance database 2010–2016. We included individuals with 1 or more claims for HD (ICD-9: 333.4/ ICD-10: 
G10). Individuals were required to have at least 6 months of enrolment prior to the first evidence of HD (index 
date), and 12 months of enrolment following index without switching health insurance (1-year follow-up period). 
Disability was defined as access to Medicare before the age of 65. All-cause HRU included office visits, 
hospitalisations, emergency room (ER) visits and nursing home use. Here, we describe patient characteristics at 
index and patterns of HRU during the 1-year follow-up period. 
Results: We identified 1,824 individuals. The mean age was 53 and 56.7% were female. Disability was evident in 
9.3% of Medicare patients. Most patients had evidence of a visit to a primary care physician (72.7%), followed by 
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neurologist (52%). The prevalence of neurologist visits was higher for those with commercial insurance (61.6%) or 
Medicare (52.9%) compared with those with Medicaid (11.6%). During the follow-up period, most patients had 
evidence of one or more office visits (99.6%), while fewer had evidence of hospitalisation (19.7%) and ER visits 
(42.6%). Among patients with at least one HRU visit, there were on average 28.4 office visits, 1.7 hospitalisations, 
and 3.1 ER visits. Eleven percent of patients had evidence of being admitted to a nursing home. Compared with 
patients insured with a commercial plan, those with public insurance had numerically higher rates of HRU and 
nursing home use, which was likely due to higher disease severity among patients eligible for public health 
insurance [Table 1]. 
Conclusions: HD is burdensome to individuals and society. Many people with HD are of working age yet exhibit 
evidence of disability. In our study, all-cause HRU was high in this HD population, and higher for those covered by 
Medicare or Medicaid, likely due to severe disease as evidenced by the rate of nursing home use. 
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37 
Impact of caring for patients with Huntington’s disease on work status 
K. Raimundo, R. Tan, T. To, J. de Courcy, U. Ondhia, H. Rickards, M. Nance (San Francisco, CA, USA) 
Objective: To describe changes in the employment status of family members caring for a person with Huntington’s 
disease (HD) in the US and Europe. 
Background: HD is a genetic, neurodegenerative and ultimately fatal disease that limits independence as the 
disease progresses. With time, all people with HD require caregiving. Little is known about the impact caregiving 
has on a family member’s employment status. 
Methods: This is a retrospective analysis of data from the Adelphi HD Disease Specific Programme, a one-time 
survey of neurologists and patients in France, Germany, Italy, the UK and the US. Data were collected between July 
and October 2017. Three questionnaires were created for different audiences: physicians, patients and caregivers. 
Only a small number of caregivers answered the survey, and so we focus on the physician-reported impact of 
caregiving for HD on employment status. 
Results: Data were collected on 1050 patients from five countries. Rates of caregiving were higher in France 
(69.4%) and Germany (64.9%), while the lowest rates were reported in the US (39.6%). Overall, 555 (52.9%) 
patients received care from caregivers who were; professional only (n=68, 12.3%) both professional and non-
professional (n=106, 19.1%) or non-professional only (n=378, 68.1%). Among non-professional caregivers, the 
most common family member to fulfil the role was the partner/spouse (74.3%). Overall, about a quarter (27.4%) of 
caregivers worked full-time, 22.7% part-time, 22.5% were retired and 20.1% were unemployed/homemakers. 
Differences were observed between countries: Germany (75.0%) and US (61.0%) reported the highest number of 
full- or part-time caregivers, whereas UK reported the lowest rate (15.2%). Physician-reported impact of patients’ 
HD on the caregiver’s work status was evaluated in 82.8% (n=460) of cases. Overall 45.7% (n=210) of caregivers 
reported a change in work status due to HD (Table 1). Work status changes typically occurred when patients were in 
Stage 2 or 3 of the Shoulson-Fahn scale. 
Conclusions: This study has identified the significant indirect cost of caring for patients with HD. Caregivers are 
usually close relatives of patients with HD. Caregiving often has a negative impact on the caregiver’s employment 
status, with severity of impact depending on factors such as HD stage. 
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38 
Patient and physician perspectives on the care and assistance needs in Huntington’s disease 
K. Raimundo, R. Tan, T. To, J. de Courcy, U. Ondhia, H. Rickards, M. Nance (South San Francisco, CA, USA) 
Objective: To describe the assistance needs of people with Huntington’s disease (HD) across different countries. 
Background: HD is a genetic, neurodegenerative and ultimately fatal disease that limits independence as it 
progresses. Over time, most HD-affected individuals require assistance with daily activities; however, little is known 
about the type of care they require, as well as differences in care requirements across countries. 
Methods: This is a retrospective analysis of data from the Adelphi HD Disease Specific Programme – a cross-
sectional survey of neurologists and patients conducted in France, Germany, Italy, the UK and the US July–October 
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2017 including perspectives from physicians, patients and caregivers. Here we describe patient- and physician-
reported care and assistance for individuals impacted by HD. 
Results: Data were available for 1,050 patients across the five countries. Of those, 555 (52.9%) were reported by the 
physician to have a caregiver (Table 1). Across all patients, the most common physician-reported type of assistance 
was help with managing finances (41.1%), followed by emotional support (39.8%), motivation to engage in daily 
activities (36.5%), planning and organising everyday activities (34.3%) and preparing meals (33.2%). For patients 
with a caregiver, assistance types were ranked in a similar order, although at higher rates (managing finances, 
61.1%; emotional support, 56.76%; meal preparation, 54.6%; daily activities, 54.6%; planning, 53.3%). The most 
common needs varied across countries (France: shopping, 42.4%; Germany: daily activities, 62.4%, Italy: meal 
preparation 40.9%, UK: finance management 42.6%, US: emotional support: 37.6%) (Table 2). Neurologist-
perceived disease severity distribution was similar in Italy, UK and the US. Germany had the highest number of 
mild patients and France the highest number of severe patients. Of the 52 patients who responded with care-giving 
needs, 40 (76.9%) reported needing assistance and only 26 (65.0%) reported receiving assistance. 
Conclusions: Assistance needs of people with HD vary with the severity of the disease, cultural differences, family 
support and other factors. The results of this survey show that a high proportion of individuals are not receiving the 
assistance they require. A multidisciplinary group can help patients with HD and their families to access appropriate 
care based on their individual needs. 
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42 
Factors underlying reduced aerobic capacity in Huntington disease 
A. Rao, S. Norris, J. Montes, P. Wasserman, K. Marder (New York, NY, USA) 
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Objective: Examine factors underlying aerobic capacity in prodromal and manifest Huntington disease (HD) and 
matched controls 
Background: HD results in motor impairments, weight loss, muscle weakness and wasting. While exercise training 
may be beneficial, it is important to understand factors underlying aerobic capacity 
Methods: We examined 10 pHD (mean= 43.2y), 10 mHD (mean = 52.5y), and 8 controls (mean = 46.6y). Aerobic 
capacity was measured with the cardiopulmonary exercise test (CPET) on a recumbent cycle ergometer. Primary 
outcomes were oxygen consumption (VO2), heart rate and workload. Body composition was measured using 
Bioelectrical Impedance Analysis and lean body mass was determined. In vivo muscle oxygen uptake was measured 
in the vastus lateralis with Near Infra-Red Spectroscopy. Primary outcome was change in deoxyhemoglobin 
(DMOx)from rest to peak exercise. Disease burden was measured with the CAP score (based on CAG repeat length 
and age). Motor impairment was measured with the Unified Huntington Disease Rating Scale (UHDRS). 
Demographic and clinical measures across groups were analyzed with One-way ANOVA. VO2, heart rate and 
workload were analyzed with factorial ANOVA. Regression analysis was used to examine if lean body mass, motor 
impairment and muscle deoxygenation were related to aerobic capacity, after adjusting for age. 
Results: Age, height, weight, and lean body mass were similar across groups (p>0.05). During the CPET, peak VO2 
was lower in prodromal HD (p<0.01) and peak VO2, heart rate and workload were reduced in manifest HD 
(p<0.05). Differences in VO2 were accentuated in prodromal and manifest HD at exercise intensity ≥ 
75%. DMOxwas lower in prodromal and manifest HD (p<0.03) than controls at peak exercise. UHDRS motor score 
(p=0.006) and DMOx(p=0.008) were predictive of aerobic capacity, after adjusting for age. 
Conclusions: Aerobic capacity is reduced in prodromal HD due to lower VO2. In manifest HD, aerobic capacity 
was reduced due to lower VO2, heart rate and workload. Reduced aerobic capacity in prodromal and manifest HD 
were accentuated at high exercise intensities. Motor impairments and reduced muscle oxygen uptake were predictive 
of aerobic capacity. Our results suggest that exercise training at an intensity less than 75% of peak may prevent 
exacerbation of muscle oxidative deficits in people with HD. 

43 
Brain MRI Volume Changes after 12 months laquinimod treatment of Huntington disease (LEGATO-HD) 
R. Reilmann, M. Gordon, A. Feigin, K. Anderson, S. Tabrizi, B. Leavitt, J. Stout, P. Piccini, N. Hobbs, R. Manber, B. 
Borowsky, G. Rynkowski, R. Volkinshtein, J. Savola, M. Hayden (Muenster, Germany) 
Objective: To explore the effect of laquinimod on brain volume in patients with Huntington Disease (HD). 
Background: Volume loss in caudate and other brain regions is a hallmark of HD pathology and has been shown to 
correlate with motor and clinical outcomes in HD studies. Laquinimod shows improvement in HD animal models 
including rescue of striatal and callosal atrophy. In the phase 2 LEGATO-HD study, the primary endpoint of change 
from baseline at week 52 of treatment in UHDRS-TMS scores was not met. The present report describes results for 
its secondary endpoint (EP) of percent change from baseline in caudate volume (CV), MRI exploratory EPs and 
subgroup analyses (all preplanned). 
Methods: MRI scans were performed at baseline and week 52 visits. The secondary EP measure was percent CV 
change (1.0 mg once daily) and the exploratory EP measures were percent CV change (0.5 mg once daily) and 
percent whole brain volume change, percent white matter volume change, and absolute change in ventricular volume 
for the 0.5 and 1.0 mg treatment arms. Both the primary EP (TMS) and secondary EP (CV change) were under Type 
I error control; exploratory EPs were not under Type 1 error control. 
Results: For the secondary EP, patients treated with laquinimod 1.0 mg showed reduced CV loss from baseline to 
week 52 compared to placebo-treated patients (p = 0.0002, Figure 1). All exploratory volumetric data showed 
consistent treatment effects on brain volume loss at week 52 for laquinimod 0.5 and 1.0 mg doses and across all 
preplanned subgroups (all p < 0.01). 
Conclusions: In LEGATO-HD we identified a consistent lessening of volume loss in caudate and other brain 
structures in both laquinimod treatment arms compared to placebo, and across all preplanned subgroups, however, 
this lessening of brain volume loss in the laquinimod group did not correlate with TMS and other clinical outcomes. 
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44 
Quantitative Motor (Q-Motor) Assessments Suggest a Beneficial Central Effect of Laquinimod in a Phase II 
Study in Huntington Disease (LEGATO-HD) 
R. Reilmann, M. Gordon, R. Schubert, K. Anderson, A. Feigin, S. Tabrizi, B. Leavitt, J. Stout, P. Piccini, B. 
Borowsky, G. Rynkowski, R. Volkinshtein, J. Savola, M. Hayden (Muenster, Germany) 
Objective: Evaluate the change from baseline at week 52 in Q-Motor (Quantitative Motor) measures, exploratory, 
standardized, and rater-independent outcomes in the LEGATO-HD study. 
Background: LEGATO-HD assessed laquinimod as treatment for Huntington disease (HD). While the primary 
endpoint UHDRS-TMS, a categorical rater-dependent scale assessing motor symptoms, did not show changes, the 
secondary endpoint of benefit in change from baseline in caudate volume was met. 
Methods: Q-Motor assessments performed at baseline and weeks 4, 13, 26 and 52 included digitomotography 
(index finger speeded tapping), dysdiadochomotography (pronation/supination hand tapping), manumotography and 
choreomotography (grip force and chorea analysis), and pedomotography (foot speeded tapping). Data from 48 sites 
in 10 countries was transferred online for centralized quality control and automated blinded analysis. 
Results: Q-Motor data was collected from 317 patients in the placebo, laquinimod 0.5 mg and 1.0 mg treatment 
arms. Speeded finger tapping (digitomotography) measures (e.g. frequency, duration and variability of inter-onset 
intervals, inter-peak-intervals, and inter-tap-intervals) demonstrated improvements with nominal statistical 
significance (p < 0.05) at 0.5 mg, and generally positive trends at 1 mg and is consistent with the reported 
improvements seen in MRI assessment of brain volume changes. Analysis of pronation/supination 
(dysdiadochomotography) and foot speeded tapping (pedomotography) in similar parameters to speeded finger 
tapping showed some positive trends. No relevant changes were seen in grip-force (manumotography) and chorea 

This article is protected by copyright. All rights reserved.



(choreomotography, i.e., position-index and orientation-index). All measures showed a general worsening in the 
placebo group. 
Conclusions: Q-Motor revealed nominally significant improvements in several tapping measures in the 0.5mg 
group and positive trends in several parameters for 1 mg group, compared to placebo. Similar to previous studies all 
Q-Motor measures worsened in the placebo group. The results of the Q motor assessment must be viewed cautiously 
as corrections for multiplicity were not performed on these analyses, however these observations suggest a central 
beneficial effect of laquinimod in LEGATO-HD of unknown clinical significance and support a biological relevance 
of the imaging changes observed. 

 

45 
Subcortical atrophy is an early event in Huntington’s disease 
N. Rocha, L. Latham, O. Charron, G. Papadimitropoulos, G. Colpo, L. Freeman, E. Furr Stimming, A. Teixeira 
(Houston, TX, USA) 
Objective: To determine whether brain regional volumes are associated with clinical symptoms in premanifest and 
manifest Huntington’s disease (HD). 
Background: Striatal atrophy has been considered a remarkable biomarker in HD. Striatal volumes can predict HD 
motor onset, and striatal atrophy progresses throughout the manifest period. It is still unclear whether other 
subcortical and cortical regions also undergo atrophy in HD. 
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Methods: 26 patients with genetic diagnosis of HD [13 premanifest HD gene carriers (44.9±11.8 yo; 5M/8F), 13 
manifest patients (49.5±10.4; 9M/4F)] and 15 controls (48.5±11.3 yo; 5M/10F) underwent a brain MRI at 3T with 
3D-MPRAGE for volumetric assessment. Segmentation of region of interest (ROIs) was performed using the 
Freesurfer v5.3.0. Symptoms were assessed using the Problem Behaviors Assessment (PBA), the Unified HD Rating 
Scale (UHDRS), the Symbol Digit Modalities Test (SDMT), the Verbal Fluency Test (VFT) and the Stroop 
interference test. 
Results: Both premanifest HD gene carriers and patients with HD presented a significant decrease in deep gray 
matter (DGM) volumes in comparison with controls (Fig. 1). The volume decrease was significant in most 
subcortical ROIs (Fig. 2). The volume changes were observed in premanifest HD gene carriers with a mean of 10 
years before the predicted clinical diagnosis of HD. Among premanifest gene carriers, a higher CAP score (CAG 
age product; a proxy for cumulative disease burden), was associated with worse atrophy in DGM, hippocampus, and 
putamen. Lower pallidum volume was associated with a worse score in PBA–irritability/aggression subscale. 
Atrophy in ROIs such as caudate and hippocampus was associated with worse cognitive performance, as evaluated 
by the SDMT and VFT. Regarding manifest patients with HD, atrophy in striatal regions was associated with worse 
motor symptoms. Lower volumes in other subcortical ROIs such as pallidum, hippocampus, and amygdala were 
associated with worse cognitive performance, as observed by the scores at the SDMT, VFT, and Stroop interference 
test. 
Conclusions: Brain atrophy is an early event in HD and antedates motor symptoms. Brain atrophy in premanifest 
and manifest HD is not restricted to the striatum, being observed in other subcortical regions as hippocampus and 
amygdala. Decreased volumes in subcortical structures are associated with behavioral/cognitive symptoms in 
premanifest HD carries and with motor/cognitive symptoms in manifest patients with HD. 
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46 
NBIA-like MRI findings in a patient with Huntington’s disease 
T. Shimizu, T. Matsukawa, Y. Abe, H. Suga, N. Tominaga, M. Nagai, T. Iizuka, H. Ishiura, J. Mitsui, S. Tsuji, R. 
Hanajima, K. Nishiyama (Yonago, Japan) 
Objective: To report a rare case of Huntington’s disease (HD) with MRI findings resembling neurodegeneration 
with brain iron accumulation (NBIA). 
Background: HD and NBIA are both neurodegenerative disorders that present with cognitive decline and chorea. 
The neurological symptoms are similar but brain MRI usually differentiates these two disorders; routine brain MRI 
findings showing iron accumulation in the basal ganglia raises suspicion of NBIA. Previous studies showed iron 
accumulation in the brain in animal HD model, and elevated absolute iron levels in the basal ganglia of post-mortem 
brain at the end-stage of HD patients as well. Furthermore, MRI technique using R2 or R2* mapping has recently 
shown iron deposition in the basal ganglia in HD patients. However, NBIA-like MRI findings in HD patients on 
routine MRI is very rare. 
Methods: Case report. 
Results: A 39-year-old man was admitted to our hospital with cognitive decline and chorea which developed since 
his early 30s. Brain MRI showed atrophy of bilateral caudate and hypointensities in bilateral caudate, putamen, 
globus pallidus, substantia nigra, red nucleus and dentate nucleus on T2WI and T2*WI. Genetic testing revealed 
both heterozygous CAG repeat expansion (54/23) in the HTT gene and heterozygous p.Lys1010Thr mutation in the 
exon 13 of the ATP7B gene, while serum ceruloplasmin and urine copper levels were normal, suggesting a carrier of 
Wilson’s disease. Neither known mutation nor rare variant was found in the causative gene of NBIA1-8, 
aceruloplasminemia, Mucolipidosis IV and FAHN by exome sequencing. Acanthocytosis was not identified on 
peripheral blood smear. Familial history of HD in his uncle was subsequently confirmed. 
Conclusions: We report a rare patient with HD showing NBIA-like MRI findings. Long CAG expansion in the HTT 
gene or heterozygous mutation in the ATP7B gene may be associated with these MRI findings. Our case suggests 
that the presence of NBIA-like MRI finding may not exclude the diagnosis of HD. 

47 
A safety, tolerability and biomarker update from an ongoing open-label extension study of RG6042 in adults 
with early manifest Huntington’s disease 
S. Tabrizi, B. Leavitt, P. Sanwald Ducray, E. Wild, V. Schlegel, G. Hooper, A. Nicotra, J. Chevure, A. Smith, R. 
Lane, F. Bennett, L. Boak, R. Doody, S. Schobel (London, United Kingdom) 
Objective: To present the safety, tolerability and biomarker effects of RG6042 (previously, IONIS-HTTRX) during 
an open-label extension (OLE) study in adults with early manifest Huntington’s disease (HD). 
Background: HD is a genetic, neurodegenerative and ultimately fatal disease that has a devastating impact on 
families across generations. HD is characterised by behavioural symptoms, as well as progressive cognitive and 
motor decline, resulting in increasing disability and loss of independence. RG6042, an intrathecally administered 
antisense oligonucleotide (ASO) targeting huntingtin (HTT) mRNA, is the first investigational treatment to show a 
dose-dependent, reversible lowering of HTT protein. Preclinical models have demonstrated improved motor 
function and delayed disease progression with RG6042. RG6042 was well tolerated in the IONIS-HTTRx Phase 
I/IIa study in patients with early HD (NCT02519036) and is currently being evaluated in this ongoing OLE study 
(NCT03342053). 
Methods: This OLE study (NCT03342053) is evaluating the long-term safety, tolerability, pharmacokinetics and 
pharmacodynamics of 120mg RG6042, administered intrathecally, monthly or bi-monthly, for 15 months in adults 
(N=46) with early manifest HD (Stage I/II) who previously participated in the Phase I/IIa study (NCT02519036). 
Exploratory endpoints include assessment of standard and digital clinical outcomes, as well as biomarkers. 
Results: At the time of abstract submission, over 350 doses of RG6042 have been administered. OLE participants in 
the monthly regimen have had between 8 and 15 doses of RG6042 and participants in the bi-monthly regimen have 
had between 4 and 7 doses. Interim safety, tolerability and biomarker data will be presented. 
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Conclusions: RG6042 is the first HTT-lowering treatment to be evaluated in patients with HD. The data presented 
here inform on the longer-term safety, tolerability and biomarker profile of RG6042. These data complement other 
studies in the RG6042 Global Development Program such as the RG6042 pivotal Phase III study GENERATION 
HD1. 

48 
Usefulness of Heart Rate Variability to Identify the Risk of Falling in Huntington's Disease 
C. Terroba-Chambi, D. Vigo, M. Merello (Buenos Aires, Argentina) 
Objective: To evaluate the relationship between the HRV and the risk of falling in HD patients. 
Background: Huntington's disease (HD) patients have a high prevalence of falls, on the other hand, autonomic 
nervous system dysfunction has been reported from early stages of the disease. However, there is lack of evidence 
regarding the relationship between heart rate variability (HRV) and falls in this population. 
Methods: Eighteen HD patients were assessed by short-term HRV analysis EKG were recorded during 5 minutes in 
resting and standing states. Time domain (MeanRR, SDNN, RMSSD), frequency domain (VLF, LF, HF, LF/HF) 
and non-linear (DFA α1, DFA α2 and SampEn) parameters were calculated. Data in each state and its difference 
between were analyzed. Additionally, data regarding falls, measurements of the risk of falling [Berg balance Scale 
(BBS), Timed-up go test (TUG), Tinetti mobility test (TMT)] and specific-diseases scales were collected. 
Results: The prevalence of falls was 38.9% reporting at least one or no one fall (single faller) and 61.1% reporting 
two or more falls (recurrent fallers) in the past 12 months. There was no difference in age, gender, illness duration, 
number of CAG repetitions, total motor score (UHDRS-TMS), functional capacity (UHDRS-TFC) or any scale of 
risk of falling between groups. Recurrent fallers had significantly lower RMSSD in resting state (p=0.020), higher 
LF/HF ratio in both states (resting, p=0.011; standing, p=0.044) and higher DFA α1 in both states (resting, p = 
0.027; standing, p=0.011). Patients classified with high risk of falling by BBS in resting state showed higher power 
of low frequency (p=0.044) and higher DFA α2 (p=0.011). Correlations were found in resting state between the 
RMSSD and [number of falls (r=-0.486, p=0.041), UHDRS-TMS (r=-0.408, p=0.030), BBS (r=0.049, p=0.470)] and 
LF/HF ratio and number of falls (r=0.539, p=0.021)). No significant differences were found between recurrent and 
single fallers for any blood pressure measures. 
Conclusions: The observed HRV pattern is consistent with a higher sympathetic prevalence associated with a higher 
risk of falls. The short-term HRV assessment is a useful and rapid tool to assess the risk of falling in HD. The 
decrease of parasympathetic HRV values adequately identifies the high risk of falling, independently of orthostatic 
phenomena, in this specific population. 

49 
Digital monitoring of Huntington’s disease with smartphone and smartwatch wearable technology: The 
Digital-HD study 
R. Tortelli, T. Kilchenmann, F. Rodrigues, L. Byrne, A. Bamdadian, F. Lipsmeier, S. Schobel, M. Lindemann, E. 
Wild (London, United Kingdom) 
Objective: To investigate the tolerability and feasibility of using wearable smartphone and smartwatch technologies 
to monitor the motor, behavioural, cognitive and quality of life (QoL) impact of Huntington’s disease (HD), and 
generate reliable and meaningful biomarkers of disease progression. 
Background: Advances in wearable sensors and communication technologies permit unobtrusive, continuous, 
accurate, real-world monitoring of chronic diseases. This has the potential to overcome many limitations of clinic-
based, intermittently administered clinical measures. 
Methods: The Digital-HD study is a single-centre, prospective observational study that aims to enrol patients with 
manifest HD (n=40), pre-manifest HD (n=20) and healthy controls (n=20). Data are captured from passive 
monitoring and daily active tests. Passive monitoring involves wearing a smartwatch and carrying a GPS-enabled 
smartphone, both containing tri-axial accelerometers and gyroscopes. Active tests measure motor and non-motor 
manifestations of HD, and include questions about QoL and mood, cognitive tests, and motor tasks. Participants are 
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trained on active tests during an on-site equipment issue visit (EIV) and perform these tests at home upon 
prompting. During the EIV, participants undergo clinical assessments using the Unified HD Rating Scale motor, 
cognitive and functional subscales, as well as the Timed-up-and-go test and selected items from the Berg Balance 
Scale alongside a Kinect sensor. These in-clinic tests are used to “anchor” the digital biomarker assessments. 
Encrypted phone data are securely transferred via the internet and analysed to extract clinically meaningful 
measurements for group discrimination and correlation with clinical parameters. 
Results: The study is ongoing; recruitment began in January 2019 and will be completed by June 2019. 
Representative examples of digital and in-clinic data will be presented, along with interim data on acceptability and 
adherence. 
Conclusions: This is the first study to compare the use of wearable technologies for continuous monitoring in 
patients at various stages of HD and healthy controls. Thanks to the high temporal and spatial resolution of this 
approach, it has the potential to generate sensitive, accurate and meaningful outcomes to enhance the conduct of 
clinical trials in HD. 
 
*ML and EJW share senior authorship. 

 

50 
Changes in GABAergic transmission of striatal neurons in presymptomatic Huntington's Disease 
M. Treven, F. Zirpel, I. Mody (Vienna, Austria) 
Objective: To determine whether parameters of synaptic and extrasynaptic GABAergic inhibition of striatal 
projection neurons are altered in presymptomatic BACHD mice. 
Background: One attractive early hypothesis of HD pathogenesis was that of a GABA deficiency disorder, with 
hopes for a substitution therapy similar to levodopa for PD. While this turned out to be a drastic oversimplification, 
direct and indirect pathway striatal projection neurons (SPNs) nevertheless require GABAergic inhibition as 
protection from excitotoxicity via extensive cortical glutamatergic inputs. Mutant huntingtin impairs receptor 
trafficking and surface expression, leading to reduced surface GABAA receptors. Reduced tonic GABA currents 
have been described in rapidly symptomatic R6/2 and Q175 mouse models, likely contributing to striatal 
neurodegeneration. The BACHD model employed here resembles the disease course in humans more closely, with 
late onset and slow progression of motor symptoms. This allows a longitudinal observation of SPN GABAergic 
transmission in HD. 
Methods: Brain slice preparations of transgenic BACHD, asymptomatic Q31, and wild type FvB mice between 4 
and 12 months of age were used for voltage clamp recordings of IPSCs, EPSCs and tonic GABA currents of striatal 
GFP-tagged D1-SPNs and D2-SPNs. 
Results: Tonic GABA currents were significantly reduced in D1- and D2-SPNs of 4 month old presymptomatic 
BACHD versus control mice of the same age (Ctrl 4M: 30.93±2.73 pA; BACHD 4M: 21.64±1.90 pA; p=0.0074). In 
contrast, parameters of phasic, synaptic GABAergic transmission of SPNs (IPSC amplitudes and frequency) did not 
differ between presymptomatic BACHD and control mice. Reduced SPN tonic GABA currents in BACHD persisted 
into symptomatic disease stages up to 12 months of age. 
Conclusions: Reduced SPN tonic GABA currents possibly contribute to the selective vulnerability of these neurons. 
Our findings suggest that these changes precede loss of neurons and disease onset. Ways of enhancing tonic 
GABAergic transmission in HD, via direct positive receptor modulation or GABA reuptake blockers, might be 
explored to counter excitotoxicity and delay striatal neurodegeneration. 
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51 
Novel exploratory outcome assessments in GENERATION HD1 
D. Trundell, S. Schobel, R. Roos, K. Anderson, A. Thobhani, G. Hooper, M. Nguyen, S. Tabrizi (Welwyn Garden 
City, United Kingdom) 
Objective: To improve collection of outcomes meaningful to patients with Huntington’s disease (HD) and their 
families, through the development of novel assessments of daily functional ability, irritability, and speech difficulty. 
Background: With an increasing focus on clinical research, there are a number of recently developed outcome 
measures in HD, particularly patient-reported outcome measures, notably the HD-PRO-TRIAD, HD-Health Index 
and the FuRST 2.0. Despite these valuable additions, there is still need for a clinician-reported outcome (ClinRO) 
measure of daily function that can assess change in a more granular fashion than existing ClinROs. 
 
With multidimensional diseases, such as HD, there is a need to measure a broad range of symptoms and impacts. 
Gaps were identified while evaluating the holistic measurement strategy for GENERATION HD1 against qualitative 
research (indicating the core symptoms and impacts from the perspectives of patients and their families). To balance 
patient burden with the desire for comprehensive measurement, it was determined that in addition to a novel ClinRO 
assessing daily functional ability, brief measures of patient-reported speech difficulty, and companion-reported 
irritability were also required. 
Methods: Qualitative research was reviewed and, in collaboration with three HD clinical experts, an iterative 
process was used to develop items and response options to assess clinician-reported daily functional ability. 
 
Additionally, a single-item patient-reported assessment of speech difficulty and three draft companion-reported 
items to assess observed irritability and angry outbursts were developed. The draft companion-reported measure was 
shared with the international HD-COPE board of patients and care companions via an interactive online platform. 
Feedback was used to revise the content. 
Results: Three novel scales were developed: the HD-Daily Activities Scale (HD-DAS), a 25-item measure of daily 
activities; the HD-Companion-reported Irritability and Angry Outbursts Scale (HD-CIAOS), a 2–3 item measure of 
irritability and angry outbursts; and the HD-Speaking Difficulty Item (HD-SDI), a single-item measure of speech 
difficulty. 
Conclusions: Three novel outcome scales are being used in the GENERATION HD1 study as exploratory 
measures: the HD-DAS, the HD-CIAOS and the HD-SDI. Future assessment of their measurement properties (e.g., 
validity and reliability) is required to support their use in longitudinal research. 

52 
Using functional status to aid interpretation of cUHDRS scores in patients with Huntington’s disease 
D. Trundell, G. Palermo, J. Long, B. Leavitt, S. Schobel, S. Tabrizi (Welwyn Garden City, United Kingdom) 
Objective: To enhance understanding of the composite Unified Huntington’s Disease Rating Scale (cUHDRS) 
scoring by linking to established measures of meaningful daily function and independence in individuals with early-
to-moderate-manifest Huntington’s disease (HD). 
Background: The cUHDRS is a novel scoring algorithm that provides a relatively holistic and sensitive outcome 
assessment of cognitive, motor and functional impairment in early-to-moderate-manifest HD. It combines the Total 
Functional Capacity (TFC), Total Motor Score, Symbol Digit Modalities Test and Stroop Word Reading measures 
into a single metric. To aid score interpretation, it is important to understand what this score means in terms of 
typical functional status. 
Methods: Data from Enroll-HD were evaluated. For patients meeting the reference population for the cUHDRS 
(manifest HD, TFC 5–13, ≥20 years; N=3,490), the cUHDRS score range was calculated. Patients were divided into 
groups around each integer score (e.g., for cUHDRS=11: 10.5≤cUHDRS score<11.5). For each grouping, the mean 
HD stage, Independence Scale (IS) score, mean Functional Assessment (FA) score and number of FA items that 
≥50% of individuals can achieve were calculated. 
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Results: In this population, cUHDRS score groupings ranged 2–18; however, only six individuals were 
cUHDRS=2, and so this grouping was excluded from subsequent analyses, leaving a range of 3–18 (N=3,484). For 
those patients in the 14–18 cUHDRS score groupings, ≥50% were able to achieve all 25 FA items and had a mean 
IS of 95. As cUHDRS scores declined, the number of FA items achievable and the level of independence declined. 
For patients in the lowest cUHDRS score group, cUHDRS=3 points, only 12 FA items were achievable by ≥50% 
and the mean IS=65. A figure was created, incorporating these results, to provide a simple guide to aid interpretation 
of cUHDRS scores, by linking cUHDRS scores to the measures of functional ability. 
Conclusions: cUHDRS scores reflect the differing levels of function in individuals with early-to-moderate-manifest 
HD. Furthermore, the cUHDRS can better differentiate between individuals with Stage 1 HD than commonly used 
measures of function. The visual aid described here can be used to relate cUHDRS score to functional status in 
patients with HD. 

53 
Sustained mutant huntingtin lowering in the brain and cerebrospinal fluid of Huntington disease minipigs 
mediated by AAV5-miHTT gene therapy 
A. Vallès-Sanchez, A. Stam, C. Brouwers, J. Klíma, B. Bohuslavová, R. Pintauro, M. Sogorb-Gonzalez, L. Paerels, 
V. Fodale, A. Bresciani, Z. Ellederová, B. Blits, J. Motlik, S. van Deventer, M. Evers, P. Konstantinova (Amsterdam, 
Netherlands) 
Objective: To assess the translatability and long-term efficacy of gene therapy-mediated huntingtin (HTT)-lowering 
in a large animal model of Huntington disease (HD), transgenic HD (tgHD) minipigs. 
Background: HTT-lowering therapies hold great promise to slow-down or halt neurodegeneration in Huntington 
disease (HD). We have developed an engineered microRNA targeting human huntingtin (HTT), delivered via 
adeno-associated viral vector serotype 5 (AAV5-miHTT), leading to efficient HTT-lowering in vitro and in vivo in 
rodent models. 
Methods: Animals were injected with AAV5-miHTT (1.2x1013 gc/brain), bilaterally into striatum (caudate and 
putamen) and sacrificed 6 or 12 months post-treatment. Untreated animals served as controls. Across different brain 
regions, vector DNA, miHTT and mutant HTT (mHTT) mRNA were measured by Q-PCR, and mHTT protein using 
an ultrasensitive immunoassay. In longitudinal cerebrospinal fluid (CSF) samples, mHTT protein expression was 
assessed by ultrasensitive immunoassay. 
Results: Widespread brain biodistribution of vector DNA was observed, with the highest levels in target (striatal) 
regions but also in thalamus and cortical regions, in both grey and white matter, to a similar extent at 6 and 12 
months post-injection. Expression of miHTT was highly correlated with vector DNA in all brain areas. 
Corresponding to the vector DNA and miHTT expression, a reduction of mutant HTT (mHTT) mRNA and protein 
was observed in AAV5-miHTT treated animals with respect to controls. mHTT protein lowering was on average 
more than 75% in the injected areas, and between 30-50% in most of the distal regions. Translational 
pharmacodynamic measures in the CSF were in line with the effects observed in the brain. We detected miHTT in 
the CSF, and CSF mHTT protein lowering up to 50% at 3 and 70% at 6 months post-dosing. 
Conclusions: This study demonstrates widespread biodistribution and durable efficiency of AAV5-miHTT in 
disease-relevant regions in a large brain, and the potential of CSF translational measures to follow-up efficacy. 

54 
Involuntary movements with abnormal brain imaging: A Case Report 
W. Webb, P. Chapman, V. Sung, M. Dean (Birmingham, AL, USA) 
Objective: To present a case of juvenile-onset Huntington's disease (HD) with a mixed phenotype and abnormal 
brain imaging. 
Background: HD is an autosomal-dominant neurodegenerative disorder associated with the expansion of unstable 
CAG trinucleotide repeats in the huntingtin gene (HTT) on chromosome 4 [1]. It is characterized by progressive 
behavioral changes, cognitive dysfunction, and motor disturbances which classically include chorea. However, 5-
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10% of HD cases present with the Westphal variant of HD, a distinct clinical syndrome characterized by hypokinetic 
symptoms (rigidity and bradykinesia), myoclonus, cerebellar signs, and/or seizures [1-2]. 
Methods: We present a brief case report of a young girl seen in the Movement Disorders Clinic at the University of 
Alabama at Birmingham. 
Results: A 17-year-old girl presents from a psychiatric care facility with a one-year history of imbalance and falls. 
Care staff have also reported slurred speech, a softening of her voice, and a blank facial expression. She was not 
raised by her parents and cannot provide a family or developmental history. On exam, she exhibits hypomimia, 
slowed vertical and horizontal saccadic eye movements, mild bilateral rigidity and bradykinesia, motor 
impersistence on tongue protrusion, and rare chorea of her hands and feet. Magnetic resonance (MR) imaging of the 
brain shows symmetric, bilateral T2-FLAIR hyperintensities in the caudate and putamen as well as caudate atrophy 
[figure1]. Genetic testing reveals an abnormal CAG repeat expansion within the HTT gene with allelic repeat 
numbers 62 and 22. 
Conclusions: MR imaging in adult-onset HD classically shows hypointense signal in the caudate nucleus and 
putamen on T2-FLAIR. However, the Westphal variant of HD is more commonly associated with hyperintensities in 
these regions [3]. This young patient presented with a mixed phenotype of mild chorea and parkinsonism, but with 
MR imaging findings classically seen with the Westphal variant of HD. In children presenting with a combination of 
hypokinetic and hyperkinetic movements, MR imaging may be helpful in assisting with the diagnosis of HD and 
distinguish it from other conditions with similar presentations, such as: spinocerebellar ataxia, Friedreich ataxia, and 
the metal accumulation disorders [4]. 
References: [1] Walker, F.O. Huntington’s disease. Lancet. 2007; 369(9557): 218-28. [2] Quigley, J. Juvenile 
Huntington’s Disease: Diagnostic and Treatment Considerations for the Psychiatrist. Curr Psychiatry Rep. 2017; 19: 
9. [3] Ho, V.B, Chuang, H.S., and Koo, B. Juvenile Huntington disease: CT and MR features. AJNR Am J 
Neuroradiol. 1995; 16(7): 1405-12. [4] Martino, D., Stamelou, M., and Bhatia, K.P. The differential diagnosis of 
Huntington’s disease-like syndromes: ‘red flags’ for the clinician. J Neurol Neurosurg Psychiatry. 2013; 84(6): 650-
6. 

55 
Ancillary Service Utilization and Impact in Huntington’s Disease 
J. Yomtoob, C. Yeh, D. Bega (Chicago, IL, USA) 
Objective: To determine which Huntington’s disease (HD) patient characteristics correlate with ancillary service 
utilization. To examine the longitudinal impact of ancillary therapies on clinical characteristics. 
Background: Prior HD studies suggest that ancillary services may improve motor symptoms, cognition, mood, and 
quality of life. It is unclear how often they are provided. Data are needed to understand their role in treatment and 
which patients receive them. 
Methods: Retrospective cross-sectional analysis of the Enroll-HD database. Patients were grouped by therapy: 
physical and/or occupational (PT/OT), psychotherapy and/or counseling, speech and/or swallowing (ST). Bivariate 
comparisons were conducted for demographic and disease characteristics between those with/without each therapy 
and to analyze one-year mean change in assessment scores. 
Results: 4751 patients were included. 1537 (32.35%) utilized therapies (11.82% PT/OT, 5.33% 
psychotherapy/counseling, 3.01% ST, 1.98% all three, 10.21% two therapies).The PT/OT group had worse motor 
and functional scores compared to the “no PT/OT” group: mean UHDRS motor score (41.17 vs. 38.05, OR= 1.006, 
p=0.002), median total functional capacity score (TFC) (8.00 vs. 9.00, OR= 0.958, p<0.001). The 
psychotherapy/counseling group had worse mood but better cognitive and functional scores compared to the “no 
psychotherapy” group: median depression score (7.00 vs. 2.00, OR= 1.069, p<0.001), median MMSE (28.00 vs. 
26.00, OR= 1.183, p<0.001), median TFC (10.00 vs. 8.00, OR= 1.144, p<0.001). The ST group had more dysarthria, 
and worse cognitive and functional scores compared to the “no ST” group: dysarthria (32.2% vs 20.1%, OR= 1.883, 
p<0.001), mean correct Symbol Digit Modality Test (16.79 vs. 23.27, OR= 0.961, p<0.001), median TFC (6.00 vs. 
9.00, OR= 0.884, p<0.001). Over one year, depression scores improved in psychotherapy/counseling patients 
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compared to those untreated (-1.24 vs. -0.11, p= 0.040). ST patients experienced worsening depression scores (1.14 
vs. -0.23, p=0.044). Mean change in TFC was not significant for any therapies. 
Conclusions: Only 32% of patients at Enroll-HD sites received PT/OT, ST, or psychotherapy/counseling. Use 
correlated with expected clinical characteristics, although impact of use is unclear. 

56 
Assessment of Caregiver Burden in Huntington’s disease 
M. Yu, K. Tan, K. Koloms, D. Bega (Chicago, IL, USA) 
Objective: We aim to identify and characterize caregiver burden among HD caregivers, to see what aspects of HD 
caregiving are associated with the greatest burden and have highest impact on QoL. 
Background: Huntington's disease (HD) is a rare neurodegenerative disease associated with progressive cognitive 
and motor disability and loss of independence. The caregivers of HD patients are at high risk for burnout and suffer 
reduced quality of life (QoL). Identifying at-risk caregivers and the factors that lead to the most reduction in QoL is 
crucial for early intervention. 
Methods: Caregivers of established patients with HD seen at Northwestern University HD clinic from January to 
April of 2017 were approached about participation in a caregiver burden survey which included the Modified 
Caregiver Strain Index (MCSI), the Huntington’s disease Quality of Life Battery for Carers Short Form (HD-SF), 
and several demographic questions. Total Functional Capacity (TFC) of the associated patient was also recorded. 
Simple linear regression analysis was utilized to assess the effect of variables with suspected impact on caregiver 
burden to both MCSI and HD-SF. 
Results: 20/20 caregivers that were approached responded. Lower TFC score was associated with greater caregiver 
burden on MCSI (r=-0.46,p=0.04) but not on HD-SF (r=0.002, p=0.994). The only other variable that correlated 
with burden was being the main carer on MCSI (p value=0.04, limited by only two participants in the non-main 
carer group). Inter-study correlation coefficient between HD-SF and MCSI was not statistically significant (r=-
0.157, p=0.5076). 
Conclusions: Given the lack of significant findings, either our population is not representative or the scales for 
assessing for burden in this population are unreliable or fail to capture what drives caregiver burden. This area 
requires more research and further investigation into screening caregivers for early intervention and determining the 
appropriate scales for doing so. 

Clinical Trials, Pharmacology and Treatment 

57 
Prolonged-release Melatonin for Sleep Disorders in Parkinson’s Disease: A Randomized trial 
J.H. Ahn, M. kim, J.K. Mun, J. Youn, S. Park, W. Jang, J. Park, E. Oh, J.W. Cho, J.S. Kim (Seoul, Republic of 
Korea) 
Objective: To evaluate the efficacy of PRM in sleep disorders of patients with PD was investigated. 
Background: Sleep disorders are highly prevalent in patients with Parkinson’s disease (PD), affecting 88%–98% of 
patients. Prolonged-release melatonin (PRM, 2 mg), which was approved in Europe in 2007 and in South Korea in 
July 2014, is widely used to treat sleep disorders. There has been no randomized control trial to evaluate the 
effectiveness of PRM in PD patients has not been conducted to date. 
Methods: The study was a randomized, double-blind, placebo-controlled, multi-center trial. PD patients who had at 
least one of the following sleep disorders were included: (1) insomnia; (2) sleep fragmentation; (3) rapid eye 
movement (REM) sleep behavior disorder (RBD); or (4) excessive daytime sleepiness (EDS). Patients were assessed 
using the Pittsburgh Sleep Quality Index (PSQI), RBD screening questionnaire (RBDSQ), Epworth Sleepiness Scale 
(ESS), Non-Motor Symptoms Scale (NMSS), Parkinson’s Disease Quality of Life-39 (PDQ-39), Unified 
Parkinson’s Disease Rating Scale (UPDRS) I, II, III and Hoehn & Yahr (H&Y) scale at the beginning of the study 
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and after 4 weeks of treatment. Partial correlation analysis was performed to investigate the relationship between 
PSQI score and other scales. 
Results: Sixteen patients were randomized to a PRM group and 18 to a placebo group. PSQI (adjusted p = 0.041), 
NMSS (adjusted p = 0.030) and PDQ-39 (adjusted p = 0.034) of the PRM group were decreased in the changes over 
time between groups. Partial correlation analysis showed that improved PSQI score was correlated with lower 
NMSS score (r = 0.596, p = 0.032) and PDQ-39 (r = 0.582, p = 0.037). 
Conclusions: PRM is an effective treatment for sleep disorders in patients with PD and beneficial effects on sleep 
quality are associated with improved non-motor symptoms (NMS) and quality of life (QoL) in PD patients. 
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58 
The effect of levodopa-carbidopa intestinal gel relative to optimized medical treatment on dyskinesia: Design 
and baseline characteristics for an open-label, randomized multicenter 12-week study in advanced 
Parkinson’s disease patients (DYSCOVER Study) 
E. Alvarez, C. Spanaki, E. Pekkonen, L. Manzanares, Y. Liu, O. Sánchez-Soliño, L. Barbato (Elche, Spain) 
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Objective: The DYSCOVER study will be the first interventional, randomized study to evaluate the comparative 
effectiveness of levodopa-carbidopa intestinal gel (LCIG) versus optimized medical treatment (OMT) on the 
duration and severity of dyskinesia in advanced PD patients. 
Background: Dyskinesias are among the most troublesome symptoms of advanced PD with approximately 40% of 
patients presenting dyskinesia after about 4 years of levodopa treatment. [1] Interventional and observational studies 
suggest that LCIG decreases duration and severity of off-time, off-dystonia, and dyskinesia [2], but comparative 
data on dyskinesia are limited. 
Methods: Sixty LCIG-naïve advanced PD patients with severe motor fluctuations and dyskinesia despite optimal 
medical treatment will be enrolled at approximately 30 movement disorder centers in accordance with local product 
label. Patients will be randomized (LCIG treatment group or OMT group) for 12-weeks of treatment with scheduled 
study visits at Day 1 and Weeks 2, 4, 8, and 12. Patients randomized to OMT will continue their optimal anti-PD 
medication regimen. The primary efficacy outcome will be the effect of LCIG on dyskinesia as measured by Unified 
Dyskinesia Rating Scale (UDysRS) total score. A key secondary objective is to assess the efficacy of LCIG, relative 
to that of OMT, on dyskinesia as measured by PD diaries and health-related quality of life assessments. Adverse 
events will be monitored. 
Results: As of January 2019, 38 patients have been enrolled in the study. Baseline demographics and disease 
characteristics for these patients are presented in Table 1. [table1] 
Conclusions: Robust comparative evidence is lacking for the use of LCIG for the management of dyskinesia in 
advanced PD. This study is designed to evaluate whether LCIG is an effective management strategy for the 
treatment of dyskinesia in advanced PD patients. 
References: 1. Ahlskog JE, Muenter MD. Frequency of levodopa-related dyskinesias and motor fluctuations as 
estimated from the cumulative literature. Mov Disorder 2001; 16:448-58. 2. Olanow et al. Continuous intrajejunal 
infusion of levodopa-carbidopa intestinal gel for patients with advanced Parkinson’s disease: a randomized, 
controlled, double-blind, double-dummy study. Lancet Neurol. 2014; 13(2):141-9. 
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59 
Application of the “5-2-1” Screening Criteria in Advanced Parkinson’s Disease Patients Treated with 
Levodopa-Carbidopa Intestinal Gel: Interim Analysis from the DUOGLOBE Study 
A. Antonini, J. Aldred, L. Bergmann, N. Kovács, P. Kukreja, W. Robieson, D. Standaert, K.R. Chaudhuri (Padova, 
Italy) 
Objective: Evaluate if patients fulfill the recently developed “5-2-1” screening criteria for advanced Parkinson’s 
Disease (APD)[1] prior to treatment with levodopa-carbidopa intestinal gel (LCIG) and to assess effectiveness 
outcomes during routine care in respective subgroups. 
Background: A Delphi expert consensus panel proposed that fulfilling at least one of the following criteria would 
suggest possible APD: ≥5 times oral levodopa taken/day, ≥2 hours of OFF time/day, or ≥1 hour/day of troublesome 
dyskinesia (TSD)[1]. 
Methods: DUOGLOBE is a global, multicenter, single-arm, postmarketing observational study assessing the long-
term effectiveness of LCIG in APD patients. In this post-hoc analysis of the 1st interim dataset, patients were 
stratified into subgroups who met all, one or more, and each individual 5-2-1 criteria at baseline. Assessments 
included the Unified Dyskinesia Rating Scale (UDysRS), Non-motor Symptom Scale (NMSS), and Parkinson’s 
Disease Questionnaire (PDQ-8) from baseline to 6 months of follow-up. 
Results: At baseline, 80 patients (98%) met ≥1 of the 5-2-1 criteria and 16 patients (20%) met all criteria (Figure 1). 
More patients at baseline fulfilled the OFF time criterion (90%) than the ≥5 times oral levodopa taken/day (57%) or 
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≥1 hour TSD/day (38%)(Figure 1). Patients that met none of the 5-2-1 criteria or had <2 hours of OFF time had 
insufficient sample sizes for analysis (both, n<8). All analyzed subgroups had significant (P < .01) improvements in 
OFF time and UDysRS scores from baseline to month 6 with LCIG treatment (Figure 2). Patients who met ≥1 of the 
5-2-1 criteria had significant (P < .05) improvements in NMSS total and PDQ-8 scores (Figure 2). Across all 
subgroups, 6%-16% patients discontinued the study; the main reasons for discontinuation were adverse events (0%-
11%), Withdrawn consent (0%-9%), and other (3%-7%).[figure1][figure2] 
Conclusions: This interim analysis demonstrates that almost all patients selected for LCIG by DUOGLOBE 
investigators on clinical grounds fulfilled ≥1 of the 5-2-1 criteria, suggesting usefulness of 5-2-1 as a screening tool 
for APD when considering device-aided therapies. Patients treated with LCIG who met ≥1 of the 5-2-1 criteria had 
improvements in OFF time, dyskinesia, NMS, and QOL, and these data support the established safety profile of 
LCIG treatment in phase 3 trials. 
References: 1. Antonini A, Stoessl AJ, Kleinman LS, et al. Developing consensus among movement disorder 
specialists on clinical indicators for identification and management of advanced Parkinson’s disease: a multi-country 
Delphi-panel approach. Curr Med Res Opin. 2018. Dec;34(12):2063-2073. 
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60 
Long-term impact of Levodopa Carbidopa Intestinal Gel (LCIG) on reducing “Off” time: Results from a 
systematic review of studies with ≥ 12 months of follow-up 
A. Antonini, P. Odin, R. Pahwa, J. Aldred, A. Alobaidi, Y. Jalundhwala, P. Kukreja, L. Bergmann, S. Inguva, Y. Bao, 
K. Chaudhuri (Padua, Italy) 
Objective: The objective of this study was to summarize evidence evaluating long-term (i.e. ≥ 12 months)efficacy 
of levodopa carbidopa intestinal gel (LCIG) on “off” time, through a systematic literature review. 
Background: A large number of studies have demonstrated the effect of LCIG in significantly reducing “off-time” 
in patients with advanced Parkinson’s disease (APD). However the length of follow-up in the studies is variable and 
may range from 3 months to over 5 years. 
Methods: As part of a wider review, studies evaluating the safety and efficacy of LCIG were identified from 
January 1, 2000 through September 1, 2018 from PubMed, EMBASE, and Ovid using a comprehensive search 
strategy [Figure 1] and a priori selection criteria [Table 1]. Search was restricted to peer-reviewed articles published 
in English. From the identified studies, only studies with a long term follow-up (i.e. ≥ 12 months) were included in 
this review. Screening and data extraction was done separately by 2 independent reviewers and results were 
matched. Qualitative synthesis of the data was conducted. 
Results: This review included 24 studies which evaluated long term efficacy of LCIG on “off” time [Figure 2]. Out 
of 24 studies, 50% were multicenter and ~42% had a sample size of ≥ 50 patients. Mean disease duration at baseline 
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ranged from 10 to 23 years (n=22). Efficacy of LCIG based on “off”-time reduction was evaluated using UPDRS-IV 
item 39 (n=15), PD diary (n=6), physician assessment (n=3), and MDS-UPDRS item 4.3 (n=2). Mean baseline off-
time ranged from 2.1 – 8 hours/waking day. Mean % reduction in “off” time at end of follow-up ranged from 37% to 
84% (compared to baseline). Stratified analysis of “off time” demonstrated mean relative reduction of 18%-78% at 
3-6 months and upto 83% reduction at 3-5 years of follow-up. Attrition rate in the studies varied by the length of 
follow-up. Majority of adverse events in patients receiving LCIG involved device and procedure-related issues and 
were observed during the first 3 months. 
Conclusions: Studies evaluating long term efficacy of LCIG on “off” time demonstrated early and sustained 
response to LCIG through end of follow-up. Analysis assessing the extent of heterogeneity between studies 
(including patient characteristics, attrition rate, study settings, and length of follow-up) is warranted in the future. 
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61 
Long-term levodopa-carbidopa intestinal infusion in Parkinson’s disease: survival and mortality 
C.A. Artusi, R. Balestrino, G. Imbalzano, S. Bortolani, S. Tuttobene, E. Montanaro, M. Zibetti, L. Lopiano (Torino, 
Italy) 
Objective: We sought to analyze the mortality and the causes of death of 105 patients with Parkinson disease (PD) 
treated with levodopa-carbidopa intestinal gel (LCIG) infusion for over 10 years. 
Background: LCIG infusion demonstrated a sustained efficacy on PD symptoms and motor fluctuations, but 
concerns have risen over time about the complications experienced by patients during LCIG therapy. However, 
analyses of the mortality of LCIG cohorts are lacking. 
Methods: We retrospectively analyzed data of 105 consecutive PD patients treated with LCIG in time-frame 2005-
2018. We analyzed the death rate, the mean survival time and the causes of death. To verify the influence of LCIG 
on the mortality rate we also analyzed data of a group of 91 advanced PD patients treated with standard 
dopaminergic therapy (SDT group). Finally, we collected all the serious adverse events (SAEs) in LCIG patients and 
correlated the types and number of SAEs with mortality. 
Results: According to data availability, we enrolled 98 LCIG and 86 SDT patients. The mean age at LCIG start was 
67.9±7.3 years, and disease duration 13.0±4.3 years. The mean follow-up time since LCIG infusion start was 
5.3±2.7 years. 
During follow-up, 34.7% of LCIG patients died. The mean survival time since LCIG start was 4.6±2.6 years. The 
causes of death were inhalation pneumonia in 17.1% of patients, cardio-cerebrovascular disease in 11.8%, 
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deterioration of general condition in 32.3%, sepsis in 5.9%, gastro-intestinal disorders in 5.9%, traumatic injuries in 
8.8%, metabolic alteration in 2.9%, and unknown in 14.7%. Only one cause of death, pertaining to the gastro-
intestinal disorders, was considered likely related to the LCIG infusion therapy: the patient died for intestinal 
occlusion three months after LCIG start. 
The Cox regression model on the entire cohort of 184 advanced PD patients (LCIG + SDT) showed a not-significant 
association between mortality and LCIG infusion therapy (HR: 0.748, 95% CI 0.287-1.948; p: 0.552), and a 
significant association between mortality and Mini Mental State Examination score (HR: 0.900, 95% CI 0.825-
0.983; p: 0.019). 
We observed 222 SAEs occurring in 87.9% of patients. The number of SAEs did not correlate with the mortality of 
LCIG patients (Odds ratio: 0.904; p: 0.370). 
Conclusions: Our findings did not support the hypothesis of an influence of LCIG therapy on mortality. 

62 
Duloxetine for pain in Parkinsons disease; A single center double blind randomised placebo controlled trial. 
S. Azmin, T. Canento, B. Cruse, S. Sung, M. Farrell, A. Evans (Kuala Lumpur, Malaysia) 
Objective: To determine the efficacy of duloxetine for the management of pain in Parkinsons disease. 
Background: Presently there are no clear guidelines for the management of pain in Parkinsons disease. The current 
practice of dopamine replacement therapy and traditional analgesia has produced mixed results. This study aims to 
explore the efficacy of duloxetine, a serotonin noradrenaline re-uptake inhibitor for the management of pain in 
Parkinsons disease. 
Methods: This was a 6 week prospective double blind placebo controlled trial. Inclusion criteria were Parkinsons 
disease patients with chronic pain, with Hoehn & Yahr stage I-III on stable doses of regular analgesics. Participants 
were randomised to either placebo or duloxetine 30mg once daily initially, uptitrated to 60mg once daily after 2 
weeks until study completion. Efficacy measures include 11-point Visual Analogue Scale and Short-Form McGill 
Pain Questionnaire. Additionally, we used an evoked thumbnail pressure pain stimulus  as  a psychophysical 
measure to determine subjective pain thresholds for just noticeable pain and moderate pain of each participant. A 
hydraulically driven device consisting of a circular rubber probe attached to a piston was used  to deliver the evoked 
pain stimuli and  the pain thresholds for each participant were determined using the ‘multiple random staircase 
method’.1 
Results: Twelve participants were recruited and completed the study.  Five participants, 3 females and 2 males were 
randomised into the duloxetine group. At baseline, there were no statistically significant difference in demographic 
and clinical data between the duloxetine group and placebo group. 
There was no statistically significant difference in the Visual Analogue Scale scores between the duloxetine and 
placebo group at study completion (p=0.64). 
There were numerical improvements in the Short-Form McGill Pain Questionnaire scores favouring the duloxetine 
group but this was not statistically significant, p=0.344. 
In the evoked pain pressure stimulus, there was reduced just noticeable pain thresholds and increased moderate pain 
thresholds in the duloxetine group as compared to the placebo group, but the results were not statistically significant, 
with p values of 0.311 and 0.191, respectively. 
Conclusions: Further studies are required to determine whether duloxetine has a role in the management of pain in 
Parkinsons disease. 
References: 1. Gracely RH, Lota L, Walter DJ, Dubner R. A multiple random staircase method of psychophysical 
pain assessment. Pain 1988. 32 (1): 55-63 

63 
Onset of action for rimabotulinumtoxinB in the treatment of adult sialorrhea 
L. Bahroo, S. Isaacson, R. Pahwa, D. Chary, T. clinch, M. Lew (Washington, DC, USA) 
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Objective: To assess the onset of action for rimabotulinumtoxinBinjections in the salivary glands for the treatment 
of sialorrhea. 
Background: Sialorrhea (drooling) causes significant morbidity including impaired oral hygiene, perioral irritation, 
embarrassment, swallowing impairment, and increased risk of aspiration. Local injections of botulinum toxin-B 
(BoNT-B) into the parotid and submandibular glands reduce saliva production. The onset of response is likely to be 
important in terms of patient and physician satisfaction with treatment. 
Methods: This was a double-blind, placebo-controlled study conducted over 13 ±2 weeks. Adult patients with 
Parkinson’s disease, amyotrophic lateral sclerosis, medication-induced, stroke and other disorders were randomized 
(1:1:1) to receive rimabotulinumtoxinB 2500U vs 3500U vs placebo. Onset of RimabotulinumtoxinB efficacy was 
predefined as when the difference between the active dose vs placebo first became statistically significant (p <0.05) 
on the unstimulated salivary flow rate (USFR, co-primary outcome). Both clinicians and patients rated their global 
impressions of change (CGI-C, co-primary and PGI-C) at Weeks 1, 2, 4, 8 and 13±2. In addition, all patients self-
completed the Drooling Impact Score (DIS) and Drooling Frequency and Severity Scale (DFSS). 
Results: Reductions in USFR were observed with both rimabotulinumtoxinB doses compared with placebo, 
beginning at Week 1. A significantly greater proportion of patients had CGI-C and PGI-C ratings of “improved” or 
“very much improved” with RIMA 2500U compared with placebo, as early as Week 2. For the 3500U dose, 
significance on PGI-C versus placebo was noted as early as Week 1. Subject ratings of DFSS and DIS showed 
similar results to the primary outcome supporting a rapid onset [Figure1]. 
Conclusions: RimabotulinumtoxinB provides a rapid onset of efficacy for patients suffering with troublesome 
sialorrhea related to many neurological disorders. 

 

64 
Parkinson Kinetigraph - does it change the management of PD patients? 
F. Bergquist, A. Cvejtkovic, A.C. Sjöström, S. Wallerstedt (Gothenburg, Sweden) 
Objective: This pragmatic randomized open trial evaluated if the information from a Parkinson Kinetigraph (PKG) 
recording changed the management of PD patients at a visit to the physician within 4 months and if PKG 
information had any impact on objective or self-assessed outcome three months later. 
Background:  
The PKG provides objective information about Parkinson related movement patterns. Open studies indicate that the 
use of PKG at movement disorder centres can improve outcome and quality of life [1,2]. The WestPORTS study is a 
population representative cohort study where patients with PD in West Sweden are regularly assessed with PKG and 
self-ratings. 
Methods:  
Patients in the WestPORTS study were recruited to this substudy if they had not previously used the PKG. Patients 
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were randomly assigned to one of two groups, the intervention group where the managing physician received the 
PKG report and a short interpretation before next visit (within 16W), and the control group where the managing 
physician instead received the results of the patients’ PDQ8 and NMSQ self rating. At the visit the physician filled 
out a short questionnaire about the perceived treatment effect and whether management should be changed or not. 
Patients were re-evaluated with PKG and self ratings 3 months after the visit. Changes in medication between visit 
and follow up were identified based on medical records and reported use. The study is registered at 
ClinicalTrials.gov: NCT03152721. 
Results: Out of the 150 patients randomized (75 per group), 121 had an appointment in time (59 control, 61 
intervention). Over 2/3 of patients in each group could be classified as “uncontrolled” based on the PKG. There was 
no difference in the frequency (primary outcome, X2 = 0.8945, p=0.3443) or type of management change between 
the two groups. The changes in PKG scores and self-ratings were not different between the groups 3 months after 
the visit. An explorative analysis of patients with ≥6 years disease duration provided similar  results. 
Conclusions: This randomized trial demonstrated no difference in management when the physician was provided 
with a PKG recording instead of information from PDQ8 and NMSQ at a regular visit. Physicians in this study were 
neurologists or geriatricians, but most were not movement disorder specialists. The results could tentatively reflect 
limited strategies for acting on information about poorly controlled symptoms. 
References: 1. Farzanehfar P, Woodrow H, Braybrook M, McGregor S, Evans A, Nicklason F, et al. Objective 
measurement in routine care of people with Parkinson’s disease improves outcomes. NPJ Parkinson’s Disease. 2018. 
doi:10.1038/s41531-018-0046-4 2. Johansson D, Ericsson A, Johansson A, Medvedev A, Nyholm D, Ohlsson F, et 
al. Individualization of levodopa treatment using a microtablet dispenser and ambulatory accelerometry. CNS 
Neurosci Ther. 2018;24: 439–447. 

65 
Long-term apomorphine infusion (APO) users versus short-term APO users: What is the reason to 
discontinue therapy? A multi-centre study 
R. Bhidayasiri, O. Phokaewvarangkul, K. Boonpang, Y. Thongchuam, T. Boonmongkol, P. Garcia Ruiz (Bangkok, 
Thailand) 
Objective: To evaluate the long-term efficacy of APO in PD patients treated at two specialist centres in Spain and 
Thailand, and to determine the reasons for stopping therapy. 
Background: Subcutaneous APO, administered using a removable mini-pump, is an effective a non-surgical option 
for continuous dopaminergic drug delivery in PD patients.1,2 The clinical benefits of APO are sustained with long-
term use.3-6 In clinical practice a substantial proportion of patients discontinue treatment prematurely. 
Methods: Demographic and clinical outcomes data were collected for PD patients treated with APO at Universidad 
Autonoma de Madrid, Spain (n=16) and Chulalongkorn Centre of Excellence for PD & Related Disorders, Bangkok, 
Thailand (n=36), along with reasons for discontinuing treatment. 
Results: 19 patients (52.7%) in the Thai cohort (TC) and 10 patients (62.5%) in the Spanish cohort (SC) 
discontinued treatment within around 6 months of initiation, most commonly due to skin nodules (TC) and 
perceived lack of efficacy (SC) (Table 1). Those who continued APO tended to stay on treatment. In both cohorts 
APO resulted in a reduction in UPDRS 3 motor scores in patients who chose to stop therapy (Table 2). In the TC 17 
patients have continued APO (mean follow-up 26.6 months); in the SC 6 have continued (mean follow-up 88.8 
months). In the TC, there were no significant differences in any parameters between current users and patients who 
stopped APO, other than Hoehn & Yahr score at baseline which was significantly higher in patients who 
discontinued (Table 3). 
Conclusions: Data from our two centres show that the majority of patients discontinued APO within the first 6 
months, warranting further investigation. UPDRS 3 scores of patients who discontinue treatment suggest APO is 
still effective for managing motor symptoms, even when ‘perceived lack of efficacy’ is given as a reason for 
stopping. A contributing factor may be that APO is a minimally-invasive therapy and therefore relatively easy to 
discontinue if difficulties arise. Any manageable issues should be discussed and resolved where possible so that 
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patients can continue treatment and receive optimum clinical benefits. Prospective data collection in a registry may 
give further insights into these issues. 
References: 1. Trenkwalder, C., et al., Expert Consensus Group report on the use of apomorphine in the treatment 
of Parkinson's disease - Clinical practice recommendations. Parkinsonism Relat Disord, 2015. 21(9): p. 1023-30. 2. 
Katzenschlager, R., et al., Apomorphine subcutaneous infusion in patients with Parkinson’s disease with persistent 
motor fluctuations (TOLEDO): a multicentre, double-blind, randomised, placebo-controlled trial. Lancet Neurology, 
2018. 3. Borgemeester, R.W., M. Drent, and T. van Laar, Motor and non-motor outcomes of continuous 
apomorphine infusion in 125 Parkinson's disease patients. Parkinsonism Relat Disord, 2016. 23: p. 17-22. 4. Garcia 
Ruiz, P.J., et al., Efficacy of long-term continuous subcutaneous apomorphine infusion in advanced Parkinson's 
disease with motor fluctuations: a multicenter study. Mov Disord, 2008. 23(8): p. 1130-6. 5. Sesar, A., et al., 
Continuous subcutaneous apomorphine infusion in advanced Parkinson's disease: 10-year experience with 230 
patients. J Neurol, 2017. 264(5): p. 946-954. 6. Tyne, H.L., et al., A 10 year retrospective audit of long-term 
apomorphine use in Parkinson's disease. J Neurol, 2004. 251(11): p. 1370-4. 
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66 
First-In-Human Study of LY3154207, a Dopamine D1 Receptor Positive Allosteric Modulator (D1PAM) 
K. Biglan, K. Svensson, W. Kielbasa (Indianapolis, IN, USA) 
Objective: Evaluate the safety, tolerability, and plasma and cerebrospinal fluid (CSF) pharmacokinetics (PK) of 
LY3154207 (LY) following oral dosing in healthy subjects (HS). 
Background: LY, a novel D1PAM, may improve the motor and cognitive symptoms of Parkinson’s disease (PD) 
and Lewy Body Dementias (LBDs) by increasing the affinity of dopamine for the D1 receptor and amplifying the 
endogenous dopamine response. 
Methods: This randomized, double-blind, placebo-controlled study had 2 parts: Part A (n=18) had a 3-period, 
crossover design with 2 alternating, dose-escalating cohorts (25, 75, 100, 150, and 200mg LY), and Part B (n=24) 
had a single-period, parallel-arm design with 2 cohorts (25 and 75 mg LY). The washout between consecutive 
dosing periods for each HS in Part A was ≥7 days. Adverse events (AEs) were recorded, and vital signs were 
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collected frequently up to 24-48 h postdose. Ambulatory blood pressure monitoring (ABPM) was used in Part A. 
Samples collected for PK analyses included blood, urine and CSF (Part B only). 
Results: No serious or severe AEs occurred. Part A: Treatment-related AEs (TRAEs) (≥ 3 events, primarily at doses 
≥100mg) were mostly mild: insomnia, decreased appetite, anxiety, dizziness, nausea, dysgeusia, increased energy, 
feeling hot, and headache. Dose-related increases in systolic and diastolic blood pressure (SBP and DBP) and heart 
rate (HR) from ABPM were seen, peaking between 4-12 h postdose and mostly resolving within 24 hours. Based on 
ABPM, the 4-to 8-h estimates at 200mg LY (estimate of the difference in least square means compared to placebo) 
were 32 bpm for HR and 14 mmHg and 10 mmHg for SBP and DBP, respectively. Vital sign data were consistent 
with the ABPM data. Median LY plasma tmax was 2-3 h, t1/2 was 11-13 h, and CL/F was 19-25 L/h across the dose 
range, with minimal renal CL. Part B: TRAEs, all at 75mg, were mild: energy increased, anxiety, decreased appetite, 
and dizziness. Vital sign data was consistent with data from Part A and showed increases in SBP, DBP, and pulse 
rate at the 75mg dose. In CSF, the median tmax was 3-4 h and the t1/2 was 8 h. The ratio of CSF/plasma exposure 
was 1% and 37% relative to total and unbound plasma exposure, respectively. 
Conclusions: Doses of 25-200 mg LY had acceptable safety and tolerability. LY PK was linear, and central 
penetration of LY was confirmed. These data support further study of LY for the symptomatic treatment of LBDs. 

67 
A Multiple Ascending-Dose Study of LY3154207, A Dopamine D1 Receptor Positive Allosteric Modulator 
(D1PAM) 
K. Biglan, D. Wilbraham, K. Svensson, M. Tsai, W. Kielbasa (Indianapolis, IN, USA) 
Objective: Evaluate the safety, tolerability, and pharmacokinetics (PK) of multiple oral LY3154207 (LY) doses in 
healthy subjects (HS) and persons with Parkinson’s disease (PWPD). 
Background: LY, a novel D1PAM, may improve the motor and cognitive symptoms of Parkinson’s disease (PD) 
and Lewy Body Dementias (LBDs) by increasing the affinity of dopamine for the D1 receptor and amplifying the 
endogenous dopamine response. A single-ascending dose study of LY (25-200mg) in HS showed dose-related 
increases in systolic and diastolic blood pressure (SBP and DBP) and heart rate (HR). 
Methods: In this randomized, double-blind, placebo (PBO)-controlled study, HS (n=47, Part A) and PWPD (n=24, 
Part B) received 14 once-daily doses of PBO or LY. The LY doses were 15, 30, 75, or 150mg (Part A), and 75mg 
(Part B). Adverse events (AEs) were recorded and 24-hour ambulatory blood pressure monitoring (ABPM) profiles 
were collected. Blood and urine were collected for PK analyses. In Part B, Movement Disorders Society United 
Parkinson’s Disease Rating Scale (MDS-UPDRS) assessments were done. 
Results: No serious or severe AEs occurred. Part A: Treatment-related AEs (TRAEs) (≥ 3 events, primarily at 
150mg) were mild: insomnia, dizziness, nausea, nervousness, and palpitations. Dose-related increases in SBP, DBP, 
and HR from ABPM were seen on Day 1, peaking 4-8 hours postdose. By Day 7 (lower LY doses)-Day 14 (all 
doses), BP and HR increases were lower than at Day 1 and similar to PBO, suggesting accommodation to these 
effects. Across all doses, LY plasma concentrations peaked 2-3 hours postdose, steady state was achieved within 7 
days, and oral clearance (CL/F) was 24-35 L/h with minimal renal clearance. Modest accumulation 
(AUCratio=1.34) was seen with 15mg LY but not higher doses. Part B: TRAEs were mostly mild: abdominal pain, 
hallucination, headache, and hypoaesthesia. LY evoked increases in SBP, DBP, and HR, but accommodation was 
less clear due to high variability. Increases in LY Cmax and AUC of 25% and 42%, respectively, in PWPD versus 
HS may possibly be due to differences in age (PWPD: 69 yr; HS: 39 yr). The MDS-UPDRS showed potential 
improvement in motor function. 
Conclusions: Multiple once-daily doses of LY up to 150mg were well-tolerated in HS and PWPD, and LY-evoked 
increases in SBP, DBP, and HR appeared to accommodate with repeat dosing. These data support further study of 
LY for symptomatic treatment of LBDs. 
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68 
Systematic review of Mucuna Pruriens as a treatment for Parkinson's disease 
T. Boonmongkol, O. Phokaewvarangkul, S. Vimolmangkang, R. Bhidayasiri (Bangkok, Thailand) 
Objective: To conduct a systematic review of the therapeutic evidence for Mucuna Pruriens (MP) in the treatment 
of Parkinson’s disease (PD). 
Background: MP or Velvet bean is a tropical legume native to Africa and tropical Asia. As MP seeds are rich in 
levodopa (LD), which remains the gold standard treatment for PD, there is considerable interest in MP as an 
alternative to LD. 
Methods: Ovid MEDLINE, PubMed, EMBASE, Web of Science and Cochrane were searched to identify evidence 
published between January 1975 and January 2019. Only original, full-text articles published in English that 
determined the therapeutic effects of MP in PD were included in this review [Figure1]. 
Results: From the 68 results gained from the screening process, 17 full-length articles were selected for further 
review. Five articles fulfilled the selection criteria [table1]. MP demonstrated efficacy in PD patients who received 
and did not receive traditional LD medication as determined by motor and non-motor symptoms scales. Compared 
to LD combined with a dopa-decarboxylase inhibitor (DDCI), a dose of MP between 2.5-fold to 3.5-fold of LD 
showed similar benefits on motor score and dyskinesia, whereas a dose of MP at 5-fold of LD demonstrated 
increased on-time duration and decreased on-time latency without exacerbation of dyskinesia. However, the side 
effects of MP were significant increased, leading to premature discontinuation in 50% of patients. 
Conclusions: Considering the lack of a DDCI, MP provides equivalent benefit to LD when its dose is at least 2.5-
fold of LD and an increased on-time without exacerbation of dyskinesias suggests that MP formulation might offer 
an advantage over conventional LD. Assessment of long-term efficacy and tolerability in a randomized, controlled 
study is warranted. 
References: 1. Katzenschlager R. Mucuna pruriens in Parkinson's disease: a double blind clinical and 
pharmacological study. Journal of Neurology, Neurosurgery & Psychiatry. 2004;75(12):1672-1677. 2. Cilia R, 
Laguna J, Cassani E, Cereda E, Pozzi N, Isaias I et al. Mucuna pruriens in Parkinson disease. Neurology. 
2017;89(5):432-438. 3. Cilia R, Laguna J, Cassani E, Cereda E, Raspini B, Barichella M et al. Daily intake of 
Mucuna pruriens in advanced Parkinson's disease: A 16-week, noninferiority, randomized, crossover, pilot study. 
Parkinsonism & Related Disorders. 2018;49:60-66. 4. Manyam B. An Alternative Medicine Treatment for 
Parkinson's Disease: Results of a Multicenter Clinical Trial. The Journal of Alternative and Complementary 
Medicine. 1995;1(3):249-255. 5. Contin M, Lopane G, Passini A, Poli F, Iannello C, Guarino M. Mucuna pruriens 
in Parkinson Disease. Clinical Neuropharmacology. 2015;38(5):201-203. 
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Withdrawn 
 
 
70 
Improving self-awareness of motor symptoms in patients with Parkinson's Disease by using mindfulness – 
feasability of a newly developed intervention protocol 
T. Buchwitz, F. Maier, A. Greuel, L. Timmermann, C. Eggers (Marburg, Germany)  
Objective: This study aims to evaluate the feasability and effectiveness of IPSUM, a new eight week long 
mindfulness-based intervention tailored for the specific needs of patients with Parkinson's Disease (PD), mainly in 
regards to self-awareness and its impact on a patient's daily life.   
Background: PD patients have shown to be partly unaware of their motor symptoms. The phenomenon of impaired 
self-awareness of motor symptoms (ISAm) might negatively influence the patient's daily life by supporting 
overestimation, a higher risk of hospitalisation, and higher mortality. Increasing the patient's mindfulness by his/her 
participation in the eight-week long intervention called IPSUM might reduce ISAm.    
Methods: To evaluate the effectiveness of IPSUM, an intervention group is compared with a waitlist-control group 
by applying a pre-post design with an eight week follow-up measurement. Each group will consist of at least 30 
non-demented, non-depressed patients with PD. The main focus lies on possible changes of ISAm. Additionally, 
affective and neuropsychological changes are measured. At pre and post measurement a fMRI scan is performed to 
connect behavioral and neurobiological findings. At post and follow-up measurement each patient can take part in a 
semi-structured interview to explore IPSUM's impact on self-awareness and a patient‘s everyday life. By analysing 
this qualitative data and received feedback, the feasability of IPSUM is evaluated.  
Results: The intervention protocol has been applied to a group of six patients. No statistical analyses have been 
performed. However, preliminary information on the intervention's feasability is available. So far, received feedback 
is quite positive. The diversity and feasability of regular mindful practice is reasonable and accepted by the patients. 
Doing yoga on a chair is mentioned as a highlight. Some patients have reported an increase of their awareness for 
their doing in the current moment.  
Conclusions: The initial feedback regarding patient acceptance and feasability is positive. As the study goes on, 
more quantitative data is collected for statistical analyses. The results are expected to support qualitative data. We 
hope for this intervention to be capable of reducing the patients' ISAm and their quality of life on many levels. 

71 
A randomized clinical trial of multimodal balance training with rhythmical cues: effects on freezing of gait in 
Parkinson's disease 
T. Capato, N. de Vries, J. IntHout, J. Ramjith, E. Barbosa, J. Nonnekes, B. Bloem (Nijmegen,, Netherlands) 
Objective: To investigate whether the multimodal training is more effective in improving balance and gait in 
freezers versus non-freezers. 
Background: Non-pharmacological interventions are increasingly used in the clinical management of gait problems 
in Parkinson’s disease (PD). However, the effects of cueing training on freezing of gait are suboptimal. We postulate 
that multimodal balance training might have an additional effect on freezing. 
Methods: 154 PD patients (Hoehn and Yahr stage 1-3 while ON medication) were assigned randomly to three 
groups: (1) balance training with rhythmical auditory cues delivered by a metronome (multimodal balance training); 
(2) standard balance training without rhythmical auditory cues; and (3) control intervention (educational program). 
Training was performed for 5 weeks, 2x/week. The primary outcome was the Mini-BESTest (MBEST) score 
directly after the training period. Assessments were performed by a single, blinded assessor at baseline, directly 
post-intervention, and after one and 6-months follow-up. Treatment effects for freezers and non-freezers were 
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analyzed with a linear mixed model, adjusted for MBEST score, UPDRS scores and levodopa equivalent dose at 
baseline. 
Results: Multimodal training significantly improved MBEST score post-intervention in both freezers and non-
freezers compared to controls (P<0.001). Both patient groups retained their improvement at 1 and 6-months follow-
up. Multimodal training significantly improved freezing of gait. Functional mobility (timed up and go) improved 
following both active interventions in the freezers, without difference between both interventions. All improvements 
were retained until 6-months follow-up. 
Conclusions: Balance training combined with cueing is particularly effective in improving balance and gait in 
freezers. 

72 
Effects of Cognitively Challenging Agility Exercise Program on Clinical and Objective Measures in People 
with Parkinson’s Disease 
P. Carlson-Kuhta, N. Hasegawa, S.H. Jung, V. Shah, A. Ragothaman, D. Peterson, K. Smulders, L. King, M. 
Mancini, J. Lapidus, J. Nutt, F. Horak (Portland, OR, USA) 
Objective: To investigate the effects of a 6-week cognitively challenging exercise intervention in people with 
Parkinson’s disease (PD). 
Background: Gait and balance impairments have been associated with cognitive deficits in people with PD. We 
designed an Agility Boot Camp with Cognitive challenges (ABC-C) rehabilitation program to see if improvements 
could be made in balance, gait, and cognition(1). 
Methods: In this cross-over design, 94 people with PD (age 68±7 years, MDS-UPDRS III, Off medication 42±12; 
mean±SD), including 40 with freezing of gait (FoG), completed 6-weeks of ABC-C exercise program and 6-weeks 
of education classes (placebo), with the order of interventions randomized. Outcome measures (Off medication) 
included clinical, perceived, objective measures of balance and gait (single- and dual-task), and cognitive function. 
We used a linear mixed-model that included fixed effects (treatment and order) and random effects (subjects). 
Results: Postural instability and gait disorder (PIGD) score improved after ABC-C program but not after education 
(p=0.002), while the MDS-UPDRS III (p=0.25) and total Mini-BESTest (p=0.08) did not change. For subjects with 
FoG, though, worse baseline Motor UPDRS (>67 Off) and Mini-BESTest (<20) scores showed significant 
improvement (p=.01-.04). Perceived functional independence showed a significant improvement (PDQ39, 
p=0.001;  MDS-UPDRS II, p=0.01). Among gait and balance measures, the spatio-temporal gait parameters 
significantly improved after the ABC-C program but not after education (p<0.00001). Postural sway with eyes open 
on foam improved after the ABC-C program but not after education (p=0.03), while postural responses to a Push 
and Release test did not change. Executive function measured with the SCOPA-COG was not different after ABC-C 
and education (p=0.06). However, a significant improvement in SCOPA-COG was observed after ABC-C in those 
participants with longer disease duration (p=0.009). Lastly, dual-task cost on gait speed significantly improved after 
ABC-C program but not after education (p=0.001). 
Conclusions: A 6-week cognitively challenging exercise program improved specific characteristics of gait and 
balance in a large group of patients with PD. Spatio-temporal parameters of gait, dual-task cost of gait, perceived 
functional independence, and PIGD were the most sensitive to change after exercise compared to after education. 
References: 1) King et al. Do cognitive measures and brain circuitry predict outcomes of exercise in Parkinson 
Disease: a randomized clinical trial, BMC Neurology 15:218, 2015 

73 
High dose off-label Safinamide treatment in Young Onset Parkinson’s Disease patients 
C. Carrarini, M. Russo, F. Barbone, F. Dono, M. Rispoli, M. Onofrj, A. Thomas (Chieti, Italy) 
Objective: To assess tolerability and efficacy of high dose Safinamide treatment in Young Onset Parkinson’s 
Disease (YOPD) patients with dystonia and history of impulse controls disorder (ICD). 
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Background: Safety of high dose (up to 300 mg daily) Safinamide therapy has previously been assessed in dose-
finding studies on epilepsy. ICD is far more frequent in hereditary Parkinson’s Disease (PD) and YOPD than in so-
called Idiopathic Parkinson’s Disease (IPD). In these patients, the advised use of Dopaminoagonist (DA) is very 
often burdened by the occurrence of severe ICD, including binge-eating, hypersexuality and compulsive shopping. 
Methods: In this study, 9 patients were enrolled, aged 18-40 (5 males). Mean duration of disease was 6.5 years. Six 
patients were definite carriers of PARK mutations (2, 6), whereas GCH mutation was excluded. Informed consent 
was obtained from all patients. All patients were receiving L-Dopa monotherapy with a mean daily intake of 300-
400 mg. All of them had severe ICD, appeared during DA treatment, which was introduced to decrease L-Dopa 
daily intake. ICD was assessed by means of Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s 
Disease – Rating Scale (QUIP-RS). Also, all of them had painful dystonia, unrelated to L-Dopa therapy. Movement 
Disorder Society-Unified Parkinson's Disease Rating Scale 4.6 item (MDS-UPDRS 4.6) for Painful Dystonia in 
“off” state was administered to quantify this disturbance. 
Results: Mean QUIP-RS score at baseline was 9.8. Mean MDS-UPDRS 4.6 score at baseline was 2.6. Patients were 
treated with Safinamide add-on therapy with the following titration: during first week they received 50 mg daily, in 
the second week 100 mg daily, then, since the third week, 150 mg daily. At three-month follow-up, mean MDS-
UPDRS 4.6 score was decreased at 1.4, whereas mean QUIP-RS score showed no statistical significantly variations 
(Table 1). Symptoms as Visual Hallucination (VH) or acute psychosis were not observed after Safinamide add-on 
therapy. 
Conclusions: Safinamide was proven to be an effective treatment option, even at high doses off-label up to 150 mg 
daily, in our cohort of YOPD patients. ICD symptoms, which had led to DA withdrawal, did not worsen with 
Safinamide, while painful dystonia in “off” states had remarkable improvement. 

 

74 
Safinamide improves motor symptoms severity and daily living in Parkinson’s Disease (PD) patients 
C. Cattaneo, E. Bonizzoni, C. Keywood (Bresso, Italy) 
Objective: To evaluate the clinical effects of safinamide, administered as add-on therapy to levodopa in fluctuating 
PD patients, on symptoms severity and daily living. 
Background: Levodopa is the most effective treatment for PD. However, its long-term use is associated with motor 
complications, which may deteriorate patients’ quality of life. 
Patients with PD also experience many non-motor symptoms (NMS), that might be at least as debilitating as the 
movement disorders.[1]  
Safinamide is a MAO-B inhibitor and glutamate modulator. Safinamide has been shown to reduce OFF time without 
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worsening dyskinesia and improve some NMS, probably due to its dual dopaminergic and glutamatergic mechanism 
of action. [2] 
Methods: Studies 016 [3] and SETTLE [4] were Phase III, double-blind, parallel-groups, randomized, placebo-
controlled trials. Patients were treated with safinamide or placebo as add-on therapy to levodopa (alone or with other 
anti-Parkinson drugs) for 24 weeks. Study 018 [5] was the double-blind extension of trial 016 up to 24 months.Data 
from 1309 patients in total (549 from SETTLE, 412 from 016 and 348 from 018) were analyzed to evaluate the 
effects of safinamide on postural instability and gait (PIGD), motor symptoms/motor fluctuations (by means of 
MDS-UPDRS III and MDS-UPDRS IV scales) and health-related quality of life/activities of daily living (using 
CGI-C and PDQ-39 summary index score). 
Results: Compared to placebo, safinamide 100 mg/day significantly improved postural instability and gait, motor 
symptoms  and clinical fluctuations. Moreover, safinamide significantly improved patients’ quality of life and 
activities of daily living: about 60% of subjects improved after safinamide treatment with statistically significant 
changes in the CGI-C and PDQ-39 .These significant results were maintained after 24 months, thus confirming the 
long-lasting effect of safinamide. 
Conclusions: Safinamide, administered as add-on therapy to fluctuating PD patients, significantly improved 
symptoms severity with a positive effect on patients’ quality of life. 
References: [1]  Kulisevsky J Safinamide – a unique treatment targeting both dopaminergic and non-dopaminergic 
systems European Neurological Review 2016; 11(2): 101-105 [2]  Cattaneo C, Kulisevsky J, Tubazio V, Castellani 
P Long-term efficacy of safinamide on Parkinson’s Disease chronic pain Adv Ther 2018; 35(4): 515-522 
[3]  Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt M, Chirilineau D, Stocchi F, Lucini V, Giuliani R, 
Forrest E, Rice P, Anand R, Study 016 Investigators Randomized trial of safinamide add-on to levodopa in 
Parkinson’s Disease with motor fluctuations Mov Disord. 2014; 29(2):229-37 [4]  Schapira AH, Fox SH, Hauser 
RA, Jankovic J, Jost WH, Kenney C, Kulisevsky J, Pahwa R, Poewe W, Anand R Assessment of safety and efficacy 
of safinamide as a levodopa adjunct in patients with Parkinson Disease and motor fluctuations: a randomized 
clinical trial JAMA Neurol 2017; 74(2): 216-224 [5]  Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt MH, 
Chirilineau D, Stocchi F, Lucini V, Giuliani R, Forrest E, Rice P, Anand R, Study 018 Investigators Two-year, 
randomized, controlled study of safinamide as add-on to levodopa in mid to late Parkinson's disease Mov Disord 
2014; 29(10):1273-1280 

75 
Enabling efficient use of digital health technologies to support Parkinson's disease drug development through 
precompetitive collaboration 
J. Cedarbaum, K. Taylor, D. Hill, R. Alexander, Y. Luo, R. Rubens, N. Zach, J. Cosman, A. Dowling, K. Fisher, L. 
Oliva, J. Hitchcock, M. Lawton, D. Conrado, K. Romero, M. Minchik, D. Meulien, B. Yang, M. Forman, L. Bataille, 
D. Dexter, J. Gallagher, M. Braxenthaler, M. Lindemann, B. Boroojerdi, G. Stebbins, B. Bloem, M. Hu, E. Dorsey, 
D. Stephenson (Cambridge, MA, USA) 
Objective: To describe the Critical Path for Parkinson’s (CPP) consortium approach to advance the field of digital 
technologies in clinical drug development for Parkinson’s disease (PD). 
Background: PD therapies that intervene early in the disease process are urgently needed. One major challenge to 
developing such therapies is the paucity of sensitive, yet clinically interpretable tools that can capture meaningful 
aspects of the disease at the time of clinical diagnosis. Digital health technologies have the potential to advance the 
field by enabling the objective, remote and frequent measurement of PD signs and symptoms in natural 
environments and during activities that are meaningful to patients’ daily lives. For these technologies to have 
widespread drug development impact, a regulatory-aligned consensus is required on best practice in selecting 
appropriate technologies and in collecting and processing digital data aimed at monitoring disease progression. 
Methods: CPP consists of pharma companies, academic advisors, non-profit research organizations and regulatory 
agency representatives. New digital health technology activities have recently been initiated under CPP to advance 
the field of digital technologies in clinical drug development for Parkinson’s disease (PD). 
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Results: Three major digital health technology activities have recently been initiated under CPP. The first is an 
assessment of the landscape of currently available digital health technologies in PD drug development. The second 
is the collation of existing information from PD individuals regarding their experience using digital sensors. Third, 
A Digital Drug Development Tools (3DT) group has been created under the auspices of the CPP consortium 3DT is 
leveraging a recently initiated, prospective study called WATCH-PD (Wearable Assessments in The Clinic and 
Home in PD), a multicentre, prospective, longitudinal, digital assessment study of PD progression in subjects with 
early, untreated PD as exemplar pilot study to facilitate discussion and alignment with regulatory agencies on 
evidentiary considerations for digital assessments. 
Conclusions: CPP aims encourage the sharing of positive and negative experiences with digital health technologies 
in PD and align with regulators early and often to maximize knowledge and minimize duplication of efforts. 

76 
Availability of Parkinson’s disease medicines in Ghana: a national survey 
M. Cham, I. Sefah, K. Oppon, R. Odikro, C. Amenorvi, A. Malik, J. Duah, G. Pezzoli, F. Baiden, R. Cilia (Sogakope, 
Ghana) 
Objective: To determine the affordability, availability, geographic distribution and financing options of Parkinson’s 
disease (PD) medication in Ghana. 
Background: In sub-Saharan Africa, patients with PD are largely left undertreated or even untreated, due to limited 
access to medication. There is little data on the availability and affordability of PD medications in low-to-middle 
income countries worldwide. 
Methods: In this nationwide cross-sectional study, 121 pharmacy outlets in all 10 regions of Ghana were selected to 
determine the availability and affordability of drugs used to treat PD using the World Health Organization/Health 
Action International methodology. Data was collected via in-person (52%) and phone (48%) interviews, mainly the 
pharmacists (69%) or the manager (21%). Public and private pharmacies were randomly selected in a 1:1 ratio. The 
largest public pharmacy in each region was purposefully sampled.The affordability was based on the current 
minimum wage of 42,58 USD/month minus taxes and cost of living, according to the Ghana Living Standards 
Survey. 
Results: A total of 60 public and 61 private pharmacies were sampled. Anticholinergics were the most available 
drug (41.3%) in both public and private pharmacy outlets, followed by DA-agonists (19.0%, mostly Bromocriptine) 
and Levodopa (11.0%).The availability of Levodopa is low nationwide (11%), 3-fold greater in private vs. public 
pharmacies (14.6% vs 5.0%, respectively). Shortages/irregular supply is experienced in 52% of pharmacies. The 
Greater Accra (28.6%) and Ashanti (25.0%) regions had the highest Levodopa availability, while it was unavailable 
in 4 regions.Respondents stated cost of medicines and rareness/low awareness of PD as reasons for the low 
availability of medicines for PD. 
All medications to treat PD are not affordable, with the only exception of anticholinergics. The cost of 100 Tablets 
of Levodopa/Carbidopa ranges from 35 (100+10mg) to 64 (100+25mg) USD. Non ergot-derived DA-agonists are 
available in 0.8-1.7% of pharmacie. 
There is no public health financing option for PD medications in Ghana, except for anticholinergics. 
Conclusions: Despite being considered a cheap medication, Levodopa is neither widely available nor affordable in 
Ghana. Alternative low-cost formulations and public financing policies are urgently needed to improve access to PD 
medications.  
Acknowledgements: This survey was funded by the International Parkinson and Movement Disorder Society. 
References: 1. Alain Lekoubou, Justin B Echouffo-Tcheugui, and Andre P Kengne. (2014) Epidemiology of 
neurodegenerative diseases in sub-Saharan Africa: a systematic review. BMC Public Health, 14:653 
http://www.biomedcentral.com/1471-2458/14/653 2. Okubadejo N, Britton A, Crews C, Akinyemi R, Hardy J, et al. 
(2008) Analysis of Nigerians with Apparently Sporadic Parkinson Disease for Mutations in LRRK2, PRKN and 
ATXN3. PLoS ONE 3(10): e3421. doi:10.1371/journal.pone.0003421 3. Dotchin C, Msuya O, Kissima J, Massawe 
J, Mhina A, Moshy A, Aris E, Jusabani A, Whiting D, Masuki , Walker R (2008). The prevalence of Parkinson’s 
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77 
High Dose Botulinum Toxin Therapy: Safety, Benefit and Endurance of Efficacy 
S. Chiu, B. Patel, M. Burns, J. Legacy, A. Shukla, A. Ramirez-Zamora, W. Deeb, I. Malaty (Gainesville, FL, USA) 
Objective: To assess safety, therapeutic response and long-term benefit of higher dose Onabotulinum toxin A 
(OnaA). 
Background: Botulinum toxin therapy is a powerful tool for treating many neurologic disorders. The US FDA-
approved maximum OnaA dose is 400 units (U) per visit. While in practice higher doses are commonly used, safety 
and long-term benefit are not well reported. We hypothesize that >400U OnaA doses are well-tolerated, effective 
and of enduring benefit. 
Methods: We used the prospective University of Florida INFORM database and chart review to identify patients 
treated with OnaA above 400U/visit. We collected demographics, OnaA dose, body regions injected, patient-
reported efficacy via 7-point Clinical Global Impression Scale (CGIS) and duration of benefit. Safety was 
determined by reported side effects at first follow-up from >400U visit. We assessed longer-term outcomes at 6 
months, 12 months and last follow-up. 
Results: We identified 68 patients [43 female (63%); mean age 60yo (range 24-87)] who received OnaA above 
400U/session. At first visit >400U, mean total dose was 501U (range 425-800). 43 patients were injected for 
dystonia; 6 had blepharospasm, 31 cervical, 2 truncal, 14 upper limb and 14 lower limb dystonia (20 had >1 region 
injected). 25 patients were injected for spasticity; 18 upper limb, 16 lower (9 had both). At first follow-up, 47 
patients (69%) reported overall good benefit by CGIS (17 rated “very much improved”, 30 “much improved”), 
while 14 rated “minimally improved”, 2 “no change” and 1 “minimally worse”. Mean duration of benefit was 9 
weeks (SD 3). More than 70% of patients self-reported “very much improved” or “much improved” at 6 month, 1 
year and last visit. No patient reported “much or very much worse” at any time. Ten patients (15%) reported adverse 
effects (AEs) at first follow-up, of which 3 had more than 1 AE [weakness (n=3), head drop (n=3), bruising (n=3), 
dysphagia (n=2)]. At last visit, 9 patients decreased dose below 400U due to: lack of benefit (n=2), AEs (n=2), fewer 
indications treated (n=2), benefit from interval deep brain stimulation (n=2) and insurance barrier (n=1). 36 patients 
discontinued injections at our center; reasons included lost to follow-up/moved (n=19), death/hospice (n=7), and 
least commonly, AEs (n=1). 
Conclusions: The majority of patients tolerated >400U OnaA with continued benefit. OnaA doses greater than 
400U may be safe and effective in appropriate patients. 
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78 
Effectiveness and safety of a herbal medication, HH368, for clinical symptoms of idiopathic Parkinson’s 
disease: a randomized controlled, pilot trial protocol 
K.H. Cho, S.W. Kwon, C. Jin, W.S. Jung, S.K. Moon, S.H. Lee (Seoul, Republic of Korea) 
Objective: This study aims to assess feasibility of a herbal medication, HH368 for idiopathic Parkinson's disease 
(PD) patients who are in Hoehn & Yahr stage 2 to 3 grades and have been taking levodopa agents for more than 5 
years. 
Background: PD is a chronic neurodegenerative disease which requires long-term management strategy. 
Dopaminergic agents have been shown prominent clinical improvement but dyskinesia, wearing-off phenomena, 
psychosis are well-known symptoms related to long-term usage of these agents [1]. As alternative and 
complementary treatment options, various herbal medications have been used in East-Asian society, but clinical 
evidence was not established well [2]. 
Methods: Forty participants will be assigned into one of two groups, herbal medicine and acupuncture treatment 
group or single acupuncture treatment group. In the treatment group, 4 g of HH368 (Eoggansangahubagjisil 4g) will 
be administered twice a day (8 g) for a total of 42 days, and acupuncture and physician consultation will be offered 
twice a week. In the control group, acupuncture treatment and physician consultation will be offered twice a week 
without herbal medication. All the study participants need to continue their dopaminergic medication during the 
participation. Movement disorder society-unified Parkinson's disease rating scale (MDS-UPDRS), Berg balance test, 
Schwab & England ADL score, Parkinson's Disease Questionnaire (PDQ-39), doses of levodopa agent consumption, 
EuroQol(EQ-5D)-5D-5L and safety will be assessed up to 12 weeks of participation period [3-10]. Along with this 
clinical trial, cost-effectiveness analysis will be conducted for evaluating economic impact of this herbal medication. 
Results: The study protocol of this study was approved by institutional review board (IRB) of Kyunghee University 
Korean Medicine Hospital (IRB approval number: KOMCIRB-17-717-HR-021) and by Ministry of Food and Drug 
Safety of Republic of Korea (Approval number: 31858). The study protocol was registered at Clinical Research 
Information Service (registration number: KCT0003444). Currently study participants are recruited, and clinical trial 
is ongoing in Kyunghee University Korean Medicine Hospital. 
Conclusions: This study results will present basic data for assessing feasibility and designing future confirmative 
clinical trial. 
References: [1] M.F. Bastide, W.G. Meissner, B. Picconi, et al. "Pathophysiology of L-dopa-induced motor and 
non-motor complications in Parkinson's disease," Progress in neurobiology, vol. 132, pp. 96-168. [2] CHO, Ki-Ho, 
et al. Complementary and Alternative Medicine for Idiopathic Parkinson’s Disease: An Evidence-Based Clinical 
Practice Guideline. Frontiers in aging neuroscience, 2018, 10: 323. [3] "http://www.movementdisorders.org/MDS-
Files1/PDFs/Rating-Scales/MDS-UPDRS_Korean_Official_Translation_FINAL.pdf, currenlty assessed at June 26, 
2017." [4] D. Podsiadlo and S. Richardson. "The timed “Up & Go”: a test of basic functional mobility for frail 
elderly persons," Journal of the American geriatrics Society, vol. 39, no. 2, pp. 142-148. [5] C. McRae, G. Diem, A. 
Vo, C. O'Brien, and L. Seeberger. "Reliability of measurements of patient health status: a comparison of physician, 
patient, and caregiver ratings," Parkinsonism & related disorders, vol. 8, no. 3, pp. 187-192. [6] H. Wang, Y. Pan, B. 
Xue, et al. "The antioxidative effect of electro-acupuncture in a mouse model of Parkinson's disease," PLoS One, 
vol. 6, no. 5, p. e19790. [7] D.-Y. Kwon, J.W. Kim, H.-I. Ma, et al. "Translation and validation of the Korean 
version of the 39-item Parkinson's disease questionnaire," Journal of Clinical Neurology, vol. 9, no. 1, pp. 26-31. [8] 
H.-J. Park, K.-Y. Sohng, and S. Kim. "Validation of the Korean version of the 39-Item Parkinson's Disease 
Questionnaire (PDQ-39)," Asian nursing research, vol. 8, no. 1, pp. 67-74. [9] O. Suchowersky, S. Reich, J. 
Perlmutter, T. Zesiewicz, G. Gronseth, and W. Weiner. "Practice Parameter: Diagnosis and prognosis of new onset 
Parkinson disease (an evidence-based review) Report of the Quality Standards Subcommittee of the American 
Academy of Neurology," Neurology, vol. 66, no. 7, pp. 968-975. [10] D.K. Whynes. "Correspondence between EQ-
5D health state classifications and EQ VAS scores," Health and quality of life outcomes, vol. 6, no. 1, p. 94. 
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79 
Randomized, placebo-controlled, double-blind, two-period cross-over study to evaluate the safety, 
tolerability, and efficacy of a novel treatment combination for levodopa induced dyskinesia in Parkinson’s 
Disease (BUS-PD) 
K. Chung, B. Lobb, S. O'Connor (Portland, OR, USA) 
Objective: To evaluate the efficacy of buspirone in combination with amantadine in reducing levodopa-induced 
dyskinesia (LID) in patients with Parkinson’s disease (PD). 
Background: LID is an undesirable adverse effect of chronic levodopa (LD) therapy in PD. Approximately half of 
the patients required medication adjustment or additional medications to manage LID[1]. The increasing utilization 
of deep brain stimulation for the treatment of LID indicates that best medical management is not enough. Use 5-
HT1A agonists as a method of blocking LID in the rat model has opened a door for alternative treatment strategies 
in humans. Bonifati et al. (1994) found that monotherapy of buspirone 20mg daily had significant reduction in LID 
(5/7 subjects)[2]. While amantadine is effective at reducing LID, clinical practice has shown that the benefits of the 
drug are eventually overcome by progression of disease. When a disease becomes refractory to monotherapy adding 
an adjuvant medication often yields good results. 
Methods: A randomized, placebo-controlled, double-blind, two-period cross-over study to evaluate the efficacy of a 
novel treatment combination (amantadine and buspirone) for LID in PD. Each phase titrates study drug (amantadine 
+ placebo or amantadine + buspirone) for two weeks ending in 30 mg/day. Participants complete LID, tremor, and 
PD ratings during a day-long outpatient visit with 1.5x clinical oral LD dose. Each phase is followed by a 7±5 day 
washout. 
Results: To date, 5 subjects have been enrolled and randomized. One subject withdrew prior to initiating study drug 
due to difficulties in travelling to the VA for the day-long study visit. All participants were Caucasian non-Hispanic 
(3 male/1 female). All participants met the United Kingdom Brain Bank criteria for PD. See table 1 for baseline 
characteristics and figure 1 for an example of the blinded data for one subject over both phases. Analysis is on-
going. 
Conclusions: With the advanced understanding of the mechanisms by which LID likely occurs, we can now 
consider adopting the rational polypharmacy approach to its management. 
References: [1]. Müller T, Woitalla D, Russ H, Hock K, Haeger DA. Prevalence and treatment strategies of 
dyskinesia in patients with Parkinson’s disease. Journal of Neural Transmission. 2007;114(8):1023-6. [2]. Bonifati 
V, Fabrizio E, Cipriani R, Vanacore N, Meco G. Buspirone in levodopa-induced dyskinesias. Clin Neuropharmacol. 
1994 Feb;17(1):73-82. 
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Design and Baseline Characteristics of an Open-Label, Randomized, 26-Week Study Comparing Levodopa-
Carbidopa Intestinal Gel to Optimized Medical Treatment on Non-Motor Symptoms in Patients with 
Advanced Parkinson’s Disease – INSIGHTS Study 
S. Chung, M. Garriga, M. Ceravolo, N. Tambasco, W. Robieson, M. Facheris, O. Sánchez-Soliño, L. Barbato 
(Seoul, Republic of Korea) 
Objective: To evaluate the effectiveness of levodopa-carbidopa intestinal gel, LCIG (known as carbidopa-levodopa 
enteral suspension in the US), on non-motor symptoms (NMS) compared with optimized medical treatment (OMT) 
in advanced Parkinson’s disease (aPD). 
Background: With conventional therapies, many aPD patients experience inadequate motor control and develop 
motor complications such as motor fluctuations and dyskinesia. Additionally, many aPD patients suffer from a 
constellation of NMS that can cause significant disability and impair quality of life.  LCIG has been shown to be 
effective in treating motor fluctuations in aPD and has the potential to be effective for the management of NMS; 
however, comparative data on NMS are limited. 
Methods: INSIGHTS is a phase 3b, randomized, open-label, multicenter, 26-week study comparing the effect of 
LCIG versus OMT on NMS in aPD (NCT02549092). The study population includes levodopa-responsive aPD 
patients with motor fluctuations no longer controlled by oral PD medications and who experience sleep disturbances 
as confirmed by a score >18 on the modified Parkinson’s Disease Sleep Scale (PDSS-2). Approximately 88 patients 
will be enrolled and randomized in a 1:1 ratio to either LCIG or OMT. Primary endpoints include changes from 
baseline in the Non-Motor Symptoms Scale (NMSS) and the PDSS-2 total scores. Key secondary endpoints measure 
activities of daily living, quality of life, and safety assessments. 
Results: As of January 2019, 67 patients have been randomized in the study. Baseline patient demographics and 
disease characteristics are presented in Table 1. The majority of patients are white and ≥60 years of age. [table 1] 
Conclusions: This is the first study comparing the effectiveness of LCIG versus OMT on NMS and sleep. These 
data will provide important information for physicians, patients, and caregivers when assessing the benefits of aPD 
treatment. 
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81 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to baseline MAO-B 
inhibitors use: post-hoc analysis from double-blind combined BIPARK-I and II data 
R. Costa, J. Ferreira, A. Lees, E. Tolosa, W. Poewe, H. Gama, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to baseline MAO-B inhibitors (MAOBi) use. 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of relevant study 
medication (OPC-50mg n=265, PLC n=257) and were included in this analysis. Non-MAOBi user patients 
represented ~80% of both OPC-50mg and PLC groups. In total, 64.2% of OPC-50mg patients reported any TEAE 
compared to 57.2% in PLC. There was a comparable-to-overall incidence of TEAEs for non-MAOBi matched user 
patients (62.5% vs. 53.8% for OPC-50mg and PLC groups). In contrast, for MAOBi-matched patients, incidence of 
TEAEs was lower in OPC-treated patients (70.2%) than PLC-treated ones (71.4%), but overall higher. Most 
frequently occurring TEAE was dyskinesia in both subgroups. 
Conclusions: Opicapone appears to be well-tolerated in both MAOBi and non-MAOBi user patients. 
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References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

82 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to baseline disease 
severity: post-hoc analysis from double-blind combined BIPARK-I and II data 
R. Costa, A. Lees, J. Ferreira, O. Rascol, F. Stocchi, H. Gama, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to baseline disease severity (assessed as modified Hoehn and Yahr, H&Y). 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of relevant study 
medication (OPC-50mg n=265, PLC n=257) and were included in this analysis. H&Y>=2.5 patients represented 
~57% of both OPC-50mg and PLC groups. Overall, 64.2% of OPC-50mg patients reported any TEAE compared to 
57.2% in PLC. There was a comparable incidence of TEAEs for both H&Y<2.5-matched patients (66.4% vs. 63.2% 
for OPC-50mg and PLC groups) and H&Y>=2.5-matched patients (62.5% vs. 52.4% for OPC-50mg and PLC 
groups). The most frequently occurring TEAE was dyskinesia in both subgroups. 
Conclusions: Opicapone appears to be well-tolerated in both 2.5<=H&Y and H&Y<2.5 patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

83 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to race: post-hoc 
analysis from double-blind combined BIPARK-I and II data. 
R. Costa, A. Lees, J. Ferreira, O. Rascol, F. Stocchi, H. Gama, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to race (Caucasian vs Asian). 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of relevant study 
medication (OPC-50mg n=265, PLC n=257) and were included in this analysis. Caucasian patients represented 
~85% of both OPC-50mg and PLC groups. Overall, 64.2% of OPC-50mg patients reported any TEAE compared to 
57.2% in PLC. There was a comparable-to-overall incidence of TEAEs for Caucasian-matched patients (65.8% vs. 
58.3% for OPC-50mg and PLC groups). In contrast, for Asian-matched patients, the incidence of TEAEs was lower 
in OPC treated patients (51.5%) than PLC-treated ones (52.4%). The most frequently occurring TEAE was 
dyskinesia in both subgroups. 
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Conclusions: Opicapone appears to be well-tolerated in both Caucasian and Asian patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

84 
Long-term safety and efficacy of rimabotulinumtoxinB in the treatment of adult sialorrhea 
K. Dashtipour, S. Isaacson, M. Lew, D. Chary, T. Clinch, R. Pahwa (Loma Linda, CA, USA) 
Objective: To assess the safety, tolerability and effectiveness of repeated rimabotulinumtoxinB injections in adults 
with troublesome sialorrhea over a period of 1 year. 
Background: Sialorrhea (drooling) is a common and troublesome feature of several neurological disorders, causing 
social embarrassment, perioral irritation, soiled clothing, swallowing impairment, and poor oral hygiene. Botulinum 
toxin type-B injections into the parotid and submandibular salivary glands reduce saliva production. 
Methods: This was a Phase 3, multicenter, open-label, outpatient study (NCT02610868). Subjects received 
rimabotulinumtoxinB (3500 U) on Day 1. Treatment was repeated when the subject returned to clinical baseline 
status (investigator judgment), with a treatment interval of 11-15 weeks. Dose reductions to 2500 U were permitted 
from cycle 2 for intolerability; subjects underwent scheduled dental exams. 
Results: 187 subjects were enrolled. Etiologies treated included Parkinson’s disease (65.8%) and amylotrophic 
lateral sclerosis (13.9%). During the first treatment cycle, rimabotulinumtoxinBsignificantly reduced mean 
unstimulated salivary flow rate between baseline and Week 4 (reduction of -0.34±0.37 g/min, p <0.0001) and 
efficacy was maintained through Week 13 (p<0.0001).Clinical Global Impression of Change showed significant 
improvement from baseline to Week 4 post-injection of every treatment cycle. Efficacy benefits were similar for 
treatment cycles 2-4. Most AEs were mild and well tolerated, only 5 subjects (2.7%) early discontinued due to an 
AE and <10% of subjects required a dose reduction for tolerability. Dry mouth was reported by the highest 
proportion of subjects in Session 1 (15.5%), followed by dental caries (7%). In Sessions 2 through 4, dental caries 
were reported by the highest proportion of subjects (8%-12%), followed by dry mouth (2-6%). 
Conclusions: Long-term, repeat treatment with rimabotulinumtoxinBwas generally well-tolerated. The efficacy of 
repeat treatment was maintained for up to 1 year. 

85 
Analysis of Levodopa Content in Commercial Formulations of Mucuna pruriens Seeds Used in Integrative 
Treatment of Parkinson’s Disease 
T. Denne (Kenmore, WA, USA) 
Objective: Objective: Formulations of Mucuna pruriens (MP) seed products are readily available through the 
internet and health food stores, and are used by some Parkinson's Disease (PD) patients as an alternative to 
conventional levodopa/carbidopa medication. The purpose of this study was to examine the L-Dopa content of a 
range of popular MP products, in order to assess the veracity of label claims. 
Background: Background: MP is a pantropical legume that possesses a unique and significant polypharmacy of 
constituents. The seeds contain 3-10% levodopa (L-Dopa), MP has documented use in traditional Ayurvedic 
medicine since 1500 BCE to treat diseases resembling PD. Pilot studies in PD show that MP seed powder has 
similar effects to conventional levodopa/carbidopa medication. Studies suggest that MP seed preparations led to a 
considerably faster onset of effect, reflected in shorter latencies to peak L-Dopa plasma concentrations. The rapid 
onset of action and longer on time without concomitant increase in dyskinesia on MP suggest that natural source of 
L-Dopa might possess advantages over conventional L-Dopa treatment. 
Methods: Methods: Six different brands of MP product were ordered through the internet. Certificates of analysis 
were obtained where possible. A standard amount of each product was extracted using methanol:formic acid, and 
analyzed using reversed-phase high performance liquid chromatography (HPLC) with ultraviolet and fluorescence 
detection. L-Dopa content was calculated using a standard curve prepared using L-Dopa as reference. 
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Results: Results: A wide discrepancy of L-Dopa ranging from 6% -143% of label claim was observed in the 
products examined. The claimed L-Dopa content ranged from 25 to 250 mg per dose for the six products. HPLC 
analysis revealed that only two of the products had L-DOPA values close to the value claimed. The remaining 
products contained considerably less L-Dopa, <10% in two cases, than implied on the label. Certificates of analysis 
suggested that not all manufacturers routinely measure L-Dopa content of their MP product (table 1). 
Conclusions: Conclusion: Four of six products examined showed a large discrepancy between label claim and L-
Dopa content, independently measured by HPLC. This finding warrants further investigation as these discrepancies 
could impact both patients, and the outcome of clinical studies using these products. 
References: References: (1) Katzenschlager R, Evans A, Manson A, et al. Mucuna pruriens in parkinson's disease: 
A double blind clinical and pharmacological study. J Neurol Neurosurg Psychiatry 1997; 75: 1672-1677. (2) 
Manyam BV, An alternative medicine treatment for Parkinson’s disease: results of a multicenter clinical trial. HP-
200 in Parkinson’s Disease Study Group. J Altern Complement Med 1995; 1(3): 249-255. (3) Siddhuraju P, Becker 
K. Rapid reversed-phase high performance liquid chromatographic method for the quantification of Levodopa (L-3, 
4-dihydroxyphenylalanine), non-methylated and methylated tetrahydroisoquinoline compounds from mucuna beans. 
Food Chem 2001; 72: 389-394. 
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86 
Laboratory Performance of the DopaFuse® Delivery System 
R. Draper, J. Harmon, A. Heller, B. Heller, E. Heller, C. King, T. Lau, P. Plante, J. Spiridigliozzi (Wilson, WY, 
USA) 
Objective: SynAgile has developed the DopaFuse Delivery System to noninvasively and continuously administer 
levodopa/carbidopa (LD/CD) into the mouths of patients with Parkinson’s Disease (PD). The system is intended to 
reduce fluctuation in plasma levodopa levels and the associated motor symptoms. The purpose of this study is to 
evaluate the laboratory performance of the DopaFuse Delivery System. 
Background: The DopaFuse System consists of an oral retainer, its case, and a single-use, prefilled, disposable drug 
container that continuously releases a novel LD/CD oral paste in the back of the mouth. Figures 1-3 show the 
components of the system including the retainer, container and case.[Figure 1][Figure 2][Figure 3] The drug is a 
reformulation of LD/CD into a highly concentrated, stable, oral paste. The container has no moving parts, batteries, 
or electronics. The container consists of two chambers separated by a deformable metal diaphragm, as shown in 
Figure 4. A propellant (the same as is used in metered dose inhalers) exerts a constant pressure on the flexible 
diaphragm, which in turn exerts a constant pressure on the drug paste. The drug paste is forced out of the drug 
chamber through two flow-controlling nozzles and into the delivery tube. The delivery tube wraps around the 
rearmost tooth and delivers the paste near the back of the tongue. The tasteless LD/CD oral paste disperses in saliva 
and is swallowed, then absorbed in the gastrointestinal tract.[Figure 4] The container is designed to deliver drug in a 
continuous, linear fashion within ±20% of the nominal delivery rate for 4 hours. The container is held in place by an 
oral retainer. The retainer is custom-made for each patient using standard, commercially-available, thermoform 
retainer materials and molding processes used in dental labs. 
Methods: The DopaFuse System is undergoing engineering and design verification testing in preparation for a 
Phase 2 clinical trial. Key tested parameters include dosing accuracy, storage stability under room temperature and 
refrigerated storage conditions, and biocompatibility 
Results: Interim results demonstrate acceptable dosing accuracy, stability under refrigerated storage, and 
biocompatibility. 
Conclusions: Initial engineering and design verification tests show that the DopaFuse Delivery System performs as 
expected under laboratory conditions. 
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87 
Lack of Notable Skin Reactions from a Novel Levodopa/Carbidopa Prodrug after 10 Days of Repeated 24-
Hour Continuous Subcutaneous Infusion at the Same Administration Site 
M. Facheris, X. Qi, C. Locke, M. Rosebraugh, J. Benesh (North Chicago, IL, USA) 
Objective: To assess the skin safety and tolerability of 24-hour continuous subcutaneous infusion (CSCI) of ABBV-
951. 
Background: Therapeutic approaches for advanced Parkinson’s disease (aPD) patients are highly efficacious but 
their use is hampered by their invasiveness. ABBV-951 is a novel, highly soluble solution of levodopa and 
carbidopa prodrugs able to deliver the wide range of therapeutic exposures necessary to control motor symptoms in 
aPD via a minimally invasive CSCI. Dopaminergic therapies for CSCI are available (apomorphine) or in 
development (ND0612H); however, the onset of uncomfortable skin reactions, which might impact drug absorption 
and require daily rotation of infusion sets, might affect quality of life and limit their use. 
Methods: A dose of ABBV-951 equivalent to ~600mg of levodopa and an equal volume of saline were 
administered in two demarcated (5cm diameter) areas on opposite sides of the abdomen to 33 healthy volunteers, for 
10 consecutive days. Infusion sets were changed and reapplied daily on the same skin surface. Systemic and local 
safety and tolerability were assessed daily. Notable skin reactions were defined a-priori as events normally not 
associated with predictable reactions from the use of infusion sets (grades ≥D or ≥6 on the Infusion Site Evaluation 
Scales). Both subjects and raters were blinded to the sides of the abdomen in which ABBV-951 and placebo were 
infused. 
Results: All subjects completed the study. No notable skin reactions were observed for the ABBV-951 site and only 
one for the placebo site. The most frequently reported skin events were erythema (43%), skin reactions (20%) and 
infusion site pain (14%). All events were mild or moderate, resolved quickly and showed no differences in incidence 
between ABBV-951 and placebo. 
Conclusions: ABBV-951 was safe, well tolerated and did not cause notable skin reactions at low, yet clinically 
relevant doses, administered in the same skin area for 10 consecutive days. 

88 
Safety and Tolerability in Parkinson’s Disease Patients Treated with a Continuous Subcutaneous Infusion of 
ABBV-951: Design of a 52-Week Phase 3 Study 
M. Facheris, J. Benesh, J. Streit, W. Robieson, C. Zadikoff, D. Standaert (North Chicago, IL, USA) 
Objective: To assess the local and systemic safety and tolerability of ABBV-951 delivered as a continuous 
subcutaneous infusion (CSCI) for 24 hours daily for up to 52 weeks in Parkinson’s disease (PD) patients. 
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Background: ABBV-951 is a new investigational drug being developed for the treatment of PD. This Phase 3, 
open-label, single-arm study examines the 52-week safety and tolerability of ABBV-951 in PD patients in an 
outpatient setting (NCT03781167). 
Methods: Approximately 130 patients (≥30 years of age) with idiopathic PD will be enrolled across 65 global study 
sites. Eligibility criteria include PD patients who are levodopa-responsive, have a minimum of 2.5 hours of OFF 
time/day, and are inadequately controlled by current oral therapies. The study consists of three periods: screening 
(up to 42 days), dose optimization (4 weeks), and maintenance (48 weeks). Study visits will occur weekly during the 
optimization period and at weeks 6, 13, 26, 39, and 52 during the maintenance period. 
Results: The primary objective is to assess the local and systemic safety and tolerability of ABBV-951 during CSCI 
administration. Local and systemic safety and tolerability will be assessed using the Infusion Site Evaluation Scale 
and adverse event monitoring, respectively. Exploratory efficacy will be evaluated by changes in OFF time using 
PD diaries and changes in PD symptoms using the Movement Disorder Society-Unified Parkinson’s Disease Rating 
Scale (MDS-UPDRS). 
Conclusions: ABBV-951 has the potential to provide a non-surgical treatment option for patients with PD whose 
motor complications are inadequately controlled by oral medications. The current study is designed to assess the 52-
week safety and tolerability of personally titrated therapeutic doses of ABBV-951 continuously infused in PD 
patients in an outpatient setting. 

89 
Utilization of Monotherapy and Combination Therapies in Advanced Parkinson Disease Patients During 
Levodopa-Carbidopa Intestinal Gel Treatment from the COSMOS Study 
A. Fasano, J.C. Parra, T. Gurevich, R. Jech, N. Kovács, P. Svenningsson, J. Szász, L. Bergmann, A. Johnson, O. 
Sanchez-Soliño, Z. Tang, L. Vela-Desojo (Toronto, ON, Canada) 
Objective: Assess the percentages of advanced Parkinson’s disease (APD) patients treated with levodopa-carbidopa 
intestinal gel (LCIG) as a monotherapy or with add-on PD medications and the reasons for changes in add-on PD 
medications throughout LCIG treatment. 
Background: This is the first study fully dedicated to collecting real-world data assessing add-on PD medication 
use with LCIG during long-term therapy in a large patient cohort. 
Methods: COSMOS is a multi-country, retrospective, cross-sectional, post-marketing observational study 
(NCT03362879). Main inclusion criteria were APD patients treated for at least 12 months by the same physician 
since LCIG initiation. Patients were grouped into LCIG monotherapy (LCIG was the only treatment for patient´s 
PD), LCIG monotherapy during infusion hours (allowing add-on PD medications [eg, oral or transdermal] only after 
LCIG infusion was stopped), and those on LCIG + add-on therapy. Study assessments were obtained at the patient 
visit and collected retrospectively including if patients were on monotherapy and descriptions of add-on PD 
medications and LCIG infusion settings. 
Results: This real-world study included 409 LCIG treated APD patients from 49 clinics in 14 countries. Patient 
demographics and baseline disease characteristics are presented in Table 1. Mean LCIG treatment duration at the 
study visit was 35.7 (range: 12.0-139.3) months with 9.7% of patients (n=39) on 24h/day LCIG infusion. 
Preliminary data indicate that overall, the percentage of patients on LCIG monotherapy and LCIG monotherapy 
during infusion hours increased from LCIG initiation to month 12 while the percentage of patients on LCIG + add-
on therapy decreased at month 12 (Table 2). In all groups, a majority of patients discontinued the use of any add-on 
PD medication at the initiation of LCIG treatment. Safety data are currently being analyzed and will be included in 
the presentation. [table1] [table2] 
Conclusions: Analyses are ongoing; however, these preliminary data indicate that during routine clinical practice 
LCIG treatment can be initiated and used long term in APD patients with many patients well controlled using LCIG 
monotherapy. Furthermore, for patients not on monotherapy, LCIG provides important reductions in add-on PD 
medications. 
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90 
Switching entacapone ‘non-responders’ to open-label opicapone: change in absolute OFF-time following the 
1-year extension BIPARK-I study 
J. Ferreira, A. Lees, W. Poewe, O. Rascol, A. Santos, D. Magalhães, J. Rocha, P. Soares-da-Silva (Lisbon, 
Portugal) 
Objective: To evaluate the efficacy of opicapone (OPC) in levodopa-treated Parkinson’s Disease (PD) ‘non-
responders’ patients who switched from placebo (PLC) or entacapone (ENT) to OPC in BIPARK-I open-label part. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
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Methods: After completing BIPARK-I double-blind part, PLC- and ENT-patients switched to a 1-year open-label 
extension under OPC-treatment. This post-hoc analysis investigated the change from open-label baseline in absolute 
OFF-time in ‘non-responders’ PLC and ENT ‘switchers’. Non-responders, as assessed by Patient Global Impression 
of Change (PGI-C), were any subjects who had no improvement by double-blind endpoint. A linear mixed-effect 
model repeated measurement (MMRM) with region as factor and baseline as covariate was applied. 
Results: In total, 199 patients switched from PLC (n=99) or ENT (n=100) to 1-year OPC open-label extension. 
From these, ~45% were PGI-C ‘non-responders’ for both groups. After 1-year treatment with OPC, for PLC-patients 
defined as ‘non-responders’ at double-blind endpoint, switching to OPC resulted in a statistical significant additional 
reduction of OFF-time (-83.8 min, p= 0.0003). Likewise, switching ENT ‘non-responders’ to open-label OPC 
resulted in a statistical significant additional reduction of OFF-time (-45.3 min, p= 0.0399). ‘Non-responders’ 
patients (~23%) originally allocated to OPC-50mg in the double-blind phase also showed greater response but not 
statistically significant. 
Conclusions: Switching entacapone ‘non-responders’ to open-label opicapone resulted in a statistical significant 
reduction of OFF-time. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

91 
Dopamine receptor variants alter outcomes with levodopa in early-stage Parkinson’s disease 
D. Fischer, P. Auinger, J. Goudreau, A. Cole-Strauss, K. Kieburtz, J. Elm, M. Hacker, P. Charles, J. Lipton, B. 
Pickut, C. Sortwell (Grand Rapids, MI, USA) 
Objective: To examine if specific single nucleotide polymorphisms (SNPs) in the genes for dopamine receptors 2 
and 3 (DRD2, DRD3) correlate with worse outcomes within specific treatment strategies. 
Background: Disease outcomes are heterogeneous in Parkinson’s disease (PD). Pharmacogenetics may be useful in 
explaining this diversity and informing clinical decisions as to which medications may be most helpful for a specific 
patient. SNPs in dopamine receptor genes that alter receptor binding offer hypothesis-driven examination of PD 
outcomes associated with specific medications. 
Methods: The analysis used data from the NIH Exploratory Trials in PD Long-term Study 1 (NET-PD LS-1). DNA 
samples (n=540) were genotyped for the rs1800497 and rs6280 SNPs. The primary outcomes were the Unified PD 
Rating Scale (UPDRS), its motor component (UPDRS-III) and the 39-item Parkinson Disease Questionnaire (PDQ-
39) as assessed at time 0 in the On state for each subject. Groups were created by dividing by presence of risk allele 
and then one of two treatment regimens: levodopa monotherapy or no levodopa (with mixed regimens excluded). 
Results: Subjects with the rs1800497 A/A genotype (~6%) had significantly worse mean UPDRS scores with 
levodopa monotherapy than without levodopa (33.7 vs 22.1, p=0.01) and with a trend by UDPRS-III; however, G/G 
and G/A genotypes had no significant differences between treatment strategies. Similarly, subjects with the rs6280 
C/C genotype (~11%) had significantly worse mean UPDRS scores with levodopa monotherapy (35.0 vs 26.4, 
p=0.04) with a trend by UPDRS-III, but no differences between treatment strategies detected within T/T or T/C 
genotype groups. 
Conclusions: A levodopa monotherapy treatment strategy is associated with worse disease outcomes in the setting 
of specific dopamine receptor variants. If validated, risk alleles may be precision medicine factors to consider for 
symptomatic treatment decisions for PD patients.  This research was supported by grants from the United States 
National Institute of Neurological Disorders and Stroke (NINDS, #NS095656) and the Saint Mary’s Foundation 
(Grand Rapids, MI, USA). 
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92 
Safety of Iron Chelation in Patients with Brain Iron Overload 
C. Fradette, T. Klopstock, L. Neumayr, I. Karin, G. Zorzi, T. Kmieć, B. Büchner, H. Steele, R. Horvath, P. Chinnery, 
A. Basu, C. Küpper, C. Neuhofer, F. Zibordi, N. Nardocci, A. Stilman, M. Spino, E. Vichinsky, F. Tricta (Toronto, 
ON, Canada) 
Objective: To assess the safety of iron chelation in the treatment of regional brain iron overload. 
Background: Excess brain iron is evident in neurodegenerative diseases such as Parkinson’s disease (PD), 
Friedreich ataxia, and Neurodegeneration with Brain Iron Accumulation (NBIA), and thus, a potential target for 
therapy. However, use of iron chelation has been limited, partly due to concerns around systemic iron depletion. 
Deferiprone (DFP) is an iron chelator that crosses the blood-brain barrier, removes excess intracellular iron, and 
excretes or redistributes it to biologic receptors for metabolic reutilization. These properties decrease the risk of iron 
depletion, making DFP a suitable candidate for regional iron chelation. Three studies exploring DFP in PD are 
ongoing and two in NBIA are completed, providing valuable data on its safety in such patients. 
Methods: Patients with pantothenate kinase-associated neurodegeneration, the most common form of NBIA, were 
randomized 2:1 to receive DFP or placebo for 18 months. Study completers could enroll in an extension study where 
all received DFP for 18 additional months. Efficacy results are provided elsewhere. 
Results: In the randomized study (N=58 for DFP, 30 for placebo), rates of adverse events were similar between the 
groups, except for freezing phenomenon (0% for DFP vs. 10%, for placebo p=0.0370) and anemia (21% for DFP, 
0% for placebo, p=0.0067) although only 3 patients with anemia had hemoglobin <10 g/d. Non-significant 
differences were seen in rates of decreased serum ferritin (33% vs. 17%; p=0.1341) and iron deficiency (16% vs. 
10%; p=0.7442). Iron supplements were taken by 39% of DFP and 27% of placebo patients. There were no events of 
agranulocytosis and no significant difference in the rates of less severe neutropenia (9% vs. 7%). In the extension 
study (N=68), DFP continued to be well tolerated. There were two deaths, both unrelated to the drug. The most 
common adverse events were dystonia (59% of patients), fever (34%), headache (29%), condition aggravated (27%) 
and decreased serum ferritin (27%). 
Conclusions: DFP therapy for up to 36 months in patients with excess brain iron was well tolerated and was not 
associated with any unexpected safety concerns. Events related to iron reduction were modest and did not raise a 
clinical concern. These data provide evidence in support of the safety of DFP for the reduction of brain iron 
accumulation and its investigation in patients with PD. 

93 
Influence of disease duration in the efficacy response of Parkinson’s disease patients with motor fluctuations: 
post-hoc analysis from combined BIPARK-I and II 
H. Gama, J. Ferreira, A. Lees, A. Antonini, O. Rascol, A. Santos, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of disease duration on the efficacy of opicapone (OPC) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post-hoc analysis was performed to 
evaluate the influence of disease duration on efficacy outcomes (change from baseline in OFF-/ON-time). Applied 
linear regression’s slope was statistically tested for deviation from zero and linearity. 
Results: In total, 1027 patients were randomized to BIPARK-I and II and 522 patients took a dose of study 
medication; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg (n=262)]. One patient in each group was 
excluded from disease duration analysis as there was no matched-patient. OFF-/ON-time magnitude of responses 
was not influenced by disease duration (non-significant linear regression). 
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Conclusions: Disease duration appears to have no impact in the magnitude of response. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

94 
Influence of disease severity in the efficacy response of Parkinson’s disease patients with motor fluctuations: 
post-hoc analysis from combined BIPARK-I and II 
H. Gama, A. Lees, J. Ferreira, O. Rascol, A. Antonini, A. Santos, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of disease severity on the efficacy of opicapone (OPC) in levodopa-treated 
Parkinson’s disease (PD) patients with motor fluctuations. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post-hoc analysis was performed to 
evaluate the influence of disease severity (assessed by modified Hoehn and Yahr, H&Y <2.5 vs >=2.5) on efficacy 
outcomes (i.e., change from baseline in OFF-/ON-time). Applied linear regression’s slope was statistically tested for 
deviation from zero and linearity. 
Results: In total, 1027 patients were randomized to BIPARK-I and II and 522 patients took a dose of study 
medication; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg (n=262)]. Two PLC patients with H&Y=4 
were excluded from disease severity analysis as there were no OPC-50mg matched-patients. For OPC-50mg, OFF-
/ON-time magnitude of responses was not influenced (non-significant linear regression). For PLC, the higher H&Y 
staging at baseline the greater magnitude of OFF-/ON-time response at endpoint (ending in a linear regression slope 
statistically significant). 
Conclusions: Disease severity impacted OFF-/ON-time magnitude of responses for PLC but not OPC-50mg 
patients in a clinical study setting. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

95 
Improvements in gait deficits with peripheral nerve grafts implanted into the substantia nigra in patients 
with Parkinson’s disease during deep brain stimulation surgery: 2-year follow-up study 
G. Gera, K. Rickard, C. Crumpton, A. Borgsmiller, Z. Guduru, C. Horne, G. Qunitero (Lexington, KY, USA) 
Objective: Quantify changes in gait parameters in patients with Parkinson’s disease (PD) who underwent 
autologous peripheral nerve grafts implantation (surgical deployment of the Schwann cells obtained from sural 
nerve) into the substantia nigra at the time of deep brain stimulation (DBS) surgery {DBS-plus}. Our goal was to 
determine the effects of DBS plus on gait parameters and to see if DBS plus has long-term (two-year follow-up) 
benefits on disease severity and mobility. 
Background: Schwann cells are abundant in peripheral nerve tissue and transdifferentiate after injury into “repair 
cells.” Peripheral nerve graft delivery to the substantia nigra at the time of DBS surgery is feasible and safe based on 
the results of our initial pilot study 1. Assessment of long-term improvement in gait parameters is an important 
aspect to study the benefits of DBS-plus. 
Methods: Standard DBS surgery targeting the bilateral globus pallidi was performed in 8 study participants. We 
evaluated the effects of DBS-plus on gait and disease severity at the baseline and at the 2-year follow-up after 
surgery. Various gait parameters (gait velocity, step length, cadence, single support and double support) were 
measured with Gaitrite along with UPDRS and H&Y scores, before and after DBS plus, during the OFF (medication 

This article is protected by copyright. All rights reserved.



OFF/stimulation OFF) stage. We present the data for 8 patients who have completed the two-year follow-up in the 
study. 
Results: Severely affected individuals with Hoehn and Yahr (H&Y) of >/=3 (N=5) showed improvements in both 
spatial (step length, gait velocity) and temporal measures (cadence) of gait, whereas less severely affected 
individuals (H&Y) of <3 (N=3) did not show these improvements. Changes in gait parameters persisted even after 2 
years of DBS-plus implantation. Severely affected group also showed reduction in H&Y and UPDSR (Part III) 
scores. Unlike previous studies, changes in temporal (cadence) measures were observed for gait over the two years. 
Conclusions: With the preliminary data, we observed improvement in gait and disease severity parameters, 
especially for individuals who were most severely affected in the group. Interestingly, the observed changes 
persisted two years post-surgery. DBS Plus might prove to be an effective intervention in long-term changes of 
disease and gait symptoms in PD patients. 
References: 1. van Horne CG, Quintero JE, Slevin JT, Anderson-Mooney A, Gurwell JA, Welleford AS, Lamm JR, 
Wagner RP, Gerhardt GA. Peripheral nerve grafts implanted into the substantia nigra in patients with Parkinson’s 
disease during deep brain stimulation surgery: 1-year follow-up study of safety, feasibility, and clinical outcome. J 
Neurosurg. 2018 Feb 16:1-12. [Epub ahead of print]. 2. Roper JA, Kang N, Cauraugh JH, Okun MS, Hass CJ. Deep 
brain stimulation improves gait velocity in Parkinson’s disease: a systematic review and meta-analysis. J Neurology 
2016 Jun; 263(6): 1195-203. 

96 
Efficacy and safety of zonisamide in patients with dementia with Lewy bodies with parkinsonism: pooled 
analysis of phase 2 and 3 trials 
J. Goldman, K. Hasegawa, T. Odawara, K. Kochi, H. Maruyama, O. Konishi, S. Toya, K. Kosaka, M. Murata, I. 
McKeith (Chicago, IL, USA) 
Objective: To characterize the efficacy and safety of zonisamide (ZNS) in patients with dementia with Lewy bodies 
(DLB) with parkinsonism, a pooled analysis of two trials was performed. 
Background: We have conducted exploratory phase 2 [1] and confirmatory phase 3 [2] trials (multicenter, 
randomized, double-blind, parallel-group, placebo-controlled trials) and reported that ZNS improves parkinsonism 
in DLB. 
Methods: In efficacy analysis (n=498), ZNS (25 or 50 mg) was compared with placebo in terms of (1) changes from 
baseline in UPDRS part III total and subscale (i.e., tremor [UPDRS items 20, 21], rigidity [UPDRS item 22], 
bradykinesia [UPDRS items 23, 24, 25, 26, 31], and postural instability/gait disturbance [PIGD, UPDRS items 29, 
30]) scores at week (W) 12; (2) the responder (defined as >=10% improvement in UPDRS part III total score) 
proportion at W4, W8, W12 and W12 (last observation carried forward [LOCF]); and (3) changes from baseline in 
MMSE and NPI-10 total scores at W12. In safety analysis (n=508), ZNS was compared with placebo in terms of the 
incidence proportions of adverse events. 
Results: ZNS significantly reduced UPDRS part III total, tremor, rigidity (on ZNS 50 mg only), and bradykinesia 
scores [figure 1]. The responder proportions at W12 (LOCF) were 61.2%, 55.0%, and 37.6% for ZNS 25 mg, ZNS 
50 mg, and placebo, respectively [figure 2]. The changes in MMSE and NPI-10 total scores at W12 did not differ 
between ZNS (25 or 50 mg) and placebo [figure 3]. The incidence proportion of adverse events did not significantly 
differ between ZNS and placebo, except for somnolence on ZNS 50 mg. 
Conclusions: The analysis indicated that ZNS is effective for parkinsonism in DLB, particularly bradykinesia, 
tremor and rigidity, and is well tolerated. 
References: [1] Murata M, Odawara T, Hasegawa K, et al. Adjunct zonisamide to levodopa for DLB parkinsonism: 
a randomized, double‐blind phase 2 study. Neurology. 2018; 90: e664-e672. [2] Murata M, Odawara T, Hasegawa 
K, et al. Zonisamide improves parkinsonism in DLB patients: A randomized phase 3 trial. Mov Disord. 2018; 33 
(Suppl. 2). 
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97 
Intestinal Levodopa/Carbidopa Infusion as a Therapeutic Option for Freezing of Gait After Deep Brain 
Stimulation in Parkinson's Disease 
B. González, S. Jauma, R. Gomez, C. Marzal, M. Calopa (Hospitalet de Llobregat, Spain) 
Objective: The study of the benefit of intestinal levodopa/carbidopa infusion(LCIG) in resistant ON-freezing of 
gait(FOG-ON) that appears after Subthalamic Nucleus Deep Brain Stimulation(NST-DBS) in Parkinson’s 
disease(PD). 
Background: Different strategies are proposed for the treatment of FOG(1). DBS can induce FOG in PD patients 
who never had gait symptoms before(2,3). Recently, LCIG has shown positive effects in FOG resistant to oral 
therapies(4). However, its utility in the scenario of FOG-ON after NST-DBS, has not been reported yet. 
Methods: We report data from 5 out of 48 PD patients with NST-DBS performed in our hospital between 2010 and 
2018, who developed resistant FOG-ON after surgery. These patients were treated with LCIG as an alternative 
therapy. FOG-ON was considered resistant after trying both all posible adjustments of DBS and combinations of 
conventional medication. LCIG was administered following a protocol. DBS was switched OFF and medication was 
converted to total equivalent dose of L-dopa(LEDD) to be administered as L-dopa gel during daytime. Data was 
retrospectively collected: sex, age of disease onset, age at the time of surgery, time between surgery and FOG-ON, 
positioning of electrodes within NST, surgery complications, FOG scores pre/post LCIG based on item 14 in the 
Unified Parkinson's Disease Rating Scale(UPDRS); pre/post LCIG LEDD and the duration of any improvement 
after LCIG. 
Results: Five out of 48 patients(10%) developed resistant FOG-ON after surgery. All the patients(PC1-5) were 
women. The mean age at the time of surgery was 65.5 years(57-69) with an average of 9 years(4-12) since disease 
onset. The electrodes were correctely placed in the dorsolateral NST in all cases. The period from surgery to FOG-
ON was greater than 6 months in all but one patient(PC1). Only PC2 had an infection in the left electrode after 2.5 
months that was replaced without incidences. Mean age at the beginning of LCIG was 70.4 years(63-74) and the 
interval between NST-DBS and the begginig of LCIG was 18.5 months(8-36). Four patients(80%) improved FOG 
with LCIG in 2 or more points in item 14 of the UPDRS scale. This benefit was maintained at least for 16 months in 
all patients. It was not related with a higher LEDD with LCIG. 
Conclusions: LCIG might be a valuable therapeutic option for FOG-ON after NST-DBS. Future larger trials should 
be conducted to confirm these findings. 
References: 1. Nonnekes, J., Snijders, A., Nutt, J., Deuschl, G., Giladi, N. and Bloem, B. (2015). Freezing of gait: a 
practical approach to management. The Lancet Neurology, 14(7), pp.768-778. 2. Collomb-Clerc, A. and Welter, M. 
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(2015). Effects of deep brain stimulation on balance and gait in patients with Parkinson's disease: A systematic 
neurophysiological review. Neurophysiologie Clinique/Clinical Neurophysiology, 45(4-5), pp.371-388. 3. 
Buhmann, C., Huckhagel, T., Engel, K., Gulberti, A., Hidding, U., Poetter-Nerger, M., Goerendt, I., Ludewig, P., 
Braass, H., Choe, C., Krajewski, K., Oehlwein, C., Mittmann, K., Engel, A., Gerloff, C., Westphal, M., Köppen, J., 
Moll, C. and Hamel, W. (2017). Adverse events in deep brain stimulation: A retrospective long-term analysis of 
neurological, psychiatric and other occurrences. PLOS ONE, 12(7), p.e0178984. 4. Rispoli, V., Golfrè Andreasi, N., 
Penna, G., Preda, F., Contini, E. and Sensi, M. (2018). Levodopa/Carbidopa Intestinal Gel Infusion Therapy: Focus 
on Gait and Balance. Movement Disorders Clinical Practice, 5(5), pp.542-545. 

98 
Efficacy, Safety and Tolerability of Tavapadon in Subjects With Early Stage Parkinson’s Disease 
D. Gray, R. Riesenberg, J. Werth, Y. Zhang, M. Versavel, S. Duvvuri (Boston, MA, USA) 
Objective: To evaluate the efficacy and safety of tavapadon (formerly known as PF-06649751) in subjects with 
early stage Parkinson’s disease. 
Background: Tavapadon is a potent, highly selective, orally administered, dopamine D1/D5 receptor activator 
being evaluated for the once-daily symptomatic treatment of Parkinson’s disease. 
Methods: This phase 2, double-blind, randomized, placebo-controlled, flexible-dose, 15-week study in subjects with 
early stage Parkinson’s disease was conducted with participants from 23 sites (ClinicalTrials.gov: NCT02847650). 
The study consisted of a 9 week dose optimization period followed by 6 weeks of dose maintenance. Subjects were 
randomized to receive either tavapadon or placebo (1:1) orally once daily. Inclusion criteria included: aged 45-80; 
clinical diagnosis of Parkinson’s disease (Hoehn & Yahr Stage I-III); MDS-UPDRS Part III score ≥10; treatment 
naïve or history of prior incidental treatment with dopaminergic agents for ≤ 28 days. Exclusion criteria included: 
atypical Parkinsonian syndrome, significant psychiatric or cardiovascular disease, cognitive impairment, or risk of 
suicide. The primary endpoint was the change from baseline in the MDS-UPDRS Part III score at week 15, analyzed 
using a mixed model for repeated measures. Epworth Sleepiness Scale was collected as an exploratory endpoint, and 
the study included other measures of safety and quality of life. 
Results: The study was terminated early for reasons unrelated to safety.  57 subjects received study medication. 
Treatment compliance was high in both groups and 82% of subjects completed the study. Mean (SE) change in the 
primary endpoint MDS-UPDRS Part III was –9.0 (1.54) for tavapadon and –4.3 (1.65) for placebo, with an 
improvement from placebo of 4.8 (2.26) in favor of the tavapadon group (2-sided P = 0.0407). The safety profile of 
tavapadon was similar to that observed in prior studies, with the majority of adverse events reported as mild or 
moderate. The most common adverse events in the tavapadon group were nausea, headache, dry mouth, 
somnolence, and tremor. 
Conclusions: Once-daily dosing of oral tavapadon resulted in improvement of motor symptoms and was well 
tolerated in subjects with early stage Parkinson’s disease. 

99 
Deep Brain Stimulation in Early-Stage Parkinson’s Disease Provides Long-Term Rest Tremor Benefit 
Through Five Years 
M. Hacker, M. Turchan, T. Davis, F. Phibbs, P. Hedera, P. Konrad, D. Charles (Nashville, TN, USA) 
Objective: To analyze symptomatic control of rest tremor five years after randomization in the deep brain 
stimulation (DBS) in early-stage Parkinson’s disease (PD) pilot clinical trial. 
Background: This trial provided class II evidence that DBS implanted in very early PD slows the progression of 
rest tremor [1]. A week-long therapeutic washout at baseline and every six months for two years after randomization 
was used to evaluate changes in underlying motor symptoms (off-therapy). Participants then completed annual on-
therapy visits through five years to collect additional safety data. 
Methods: The pilot was a prospective, single-blind clinical trial that randomized early-stage PD subjects (Hoehn & 
Yahr II off medications) to receive DBS plus optimal drug therapy (ODT) versus ODT alone (IDEG050016, 
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NCT0282152, IRB040797).  Among the 15 subjects randomized to ODT, one dropped out after baseline and four 
elected to receive subthalamic nucleus (STN) DBS during the extension follow-up period. For this analysis, subjects 
with a medication duration of 6 months–4 years at enrollment were evaluated in the treatment group to which they 
were randomized (early ODT=14; early DBS+ODT=14). A proportional odds logistic regression model was used 
with rest tremor score (UPDRS-III item 20 on-therapy) as the outcome and baseline score, time, and treatment 
assignment as independent variables. A linear mixed effects model was used to compare rest tremor scores with 
fixed effects of baseline value, time, and treatment assignment, random effects of subjects, and an autoregressive 
covariance structure to account for within-subject repeated measures. 
Results: The odds of having worse rest tremor was 5-fold lower for the early DBS+ODT group than the early ODT 
group (P<0.001, OR=0.20, 95% CI: 0.09 to 0.45). Additionally, at five years, the early DBS+ODT group had a 
significantly lower rest tremor score than the early ODT group (P=0.005, estimate = -2.03, 95% CI: -3.38 to -0.67). 
Conclusions: These results suggest that, in addition to slowing the progression of rest tremor, early DBS may also 
provide long-term rest tremor benefit compared to standard medical care. The FDA has approved the conduct of a 
prospective, multicenter, double-blind, phase III, pivotal trial of DBS in early-stage PD. 
References: [1] Hacker et al., Neurology 2018 91(5):e463-e471. 

100 
A Human Factors Study of the DopaFuse® Delivery System 
J. Harmon, S. Japp, C. Long, J. Spiridigliozzi, A. Heller, B. Heller, C. King, P. Plante, R. Draper, T. Lau, E. Heller 
(Wilson, WY, USA) 
Objective: SynAgile has developed the DopaFuse Delivery System to noninvasively and continuously administer 
oral LD/CD into the mouths of patients with PD. The System is intended to reduce fluctuation in plasma levodopa 
levels and the associated motor symptoms. The objective of this study is to test whether the System can be used 
safely by the intended users in the a planned Phase 2 clinical trial. 
Background: DopaFuse is the first of a new class of drug delivery devices that reside in the mouth and that non-
invasively and continuously deliver drugs to patients at a constant rate for absorption via the gastro-intestinal and/or 
buccal routes. The System consists of a reusable custom dental retainer, its case, and a pre-filled, single-use drug 
container, shown in Figures 1-3.[figure1][figure2][figure3] SynAgile conducted a single proof-of-concept study in 
2015 to test the hypothesis that continuous oral delivery of LD/CD results in improved LD pharmacokinetics and 
reduced Off time. The study found significantly less variability in plasma LD concentration and reduced Off with 
continuous versus intermittent oral levodopa delivery.[1] 
Methods: Five patient-participant pairs were invited to participate in this formative human factors study. Each pair 
consisted of one patient with advanced PD along with their adult caregiver. Pairs attended a single training session 
followed by a one-hour decay period before testing. Testing was conducted with the patient participant alone, with 
the caregiver participant alone, and the patient-caregiver pair together. During each session, the participant was 
asked to set up the system for use, simulate use on a manikin, and store the System. Success was defined as ability to 
complete the tasks safely without describing or encountering difficulty. During each session, the participant was 
asked to set up the system for use, simulate use on a manikin, and store the System. Success was defined as ability to 
complete the tasks safely without describing or encountering difficulty. 
Results: [figure4] 
At no time did any patient or caregiver perform a task in a manner likely to lead to an adverse event during the 
clinical trial. 
Conclusions: This study suggests that patients with advanced PD and their caregivers will be able to safely use the 
DopaFuse Delivery System in the upcoming Phase 2 clinical trial. 
References: [1]Warren Olanow et al. (2019), Continuous versus intermittent oral administration of levodopa in 
Parkinson's disease patients with motor fluctuations: A pharmacokinetics, safety, and efficacy study. Mov Disord. 
doi:10.1002/mds.27610 
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Effects of zonisamide on parkinsonism in patients with dementia with Lewy bodies by severity of cognitive 
dysfunction and BPSD: subgroup analysis of pooled data from two trials 
K. Hasegawa, J. Goldman, T. Odawara, K. Kochi, O. Konishi, H. Maruyama, S. Toya, K. Kosaka, M. Murata, I. 
McKeith (Kanagawa, Japan) 
Objective: To characterize the efficacy and safety of zonisamide (ZNS) in patients with dementia with Lewy bodies 
(DLB) with parkinsonism, we performed subgroup analysis by severity of cognitive dysfunction or BPSD in a 
pooled analysis of two trials. 
Background: The treatment of parkinsonism in DLB requires risk management, taking cognitive function and 
BPSD into account. We have conducted exploratory phase 2 [1] and confirmatory phase 3 [2] trials (multicenter, 
randomized, double-blind, parallel-group, placebo-controlled trials) and reported that ZNS improves parkinsonism 
in DLB. 
Methods: This analysis included 498 patients, who were stratified by severity (mild, moderate, or severe) of 
cognitive dysfunction based on the baseline score of MMSE, and also severity of BPSD based on the baseline score 
of NPI-10. In terms of each efficacy variable (UPDRS part III, MMSE and NPI-10), the change from baseline at 
week (W) 12 of treatment with ZNS (25 or 50 mg) was calculated by severity of cognitive dysfunction or BPSD, 
and compared to that with placebo. 
Results: In all strata of the severity of cognitive dysfunction, ZNS reduced or tended to reduce UPDRS part III 
score [Figure 1a]. By severity of BPSD, ZNS reduced or tended to reduce UPDRS part III score in the mild and 
moderate strata, with similar score reductions also in the severe stratum [Figure 1b]. In addition, the changes in the 
scores of MMSE by severity of cognitive dysfunction and NPI-10 by severity of BPSD did not differ between ZNS 
and placebo in any stratum of severity [Figure 2a, 2b]. 
Conclusions: The analysis indicated that ZNS is effective for parkinsonism irrespective of the severity of cognitive 
dysfunction or BPSD in DLB patients, without major safety concerns. 
References: [1] Murata M, Odawara T, Hasegawa K, et al. Adjunct zonisamide to levodopa for DLB parkinsonism: 
a randomized, double‐blind phase 2 study. Neurology. 2018; 90: e664-e672. [2] Murata M, Odawara T, Hasegawa 
K, et al. Zonisamide improves parkinsonism in DLB patients: A randomized phase 3 trial. Mov Disord. 2018; 33 
(Suppl. 2). 
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Olfactory Hallucinations Induced by Pramipexole Treatment in Parkinson's Disease 
G. Hatipoglu, S. Ozkaynak (Antalya, Turkey) 
Objective: In the treatment of Parkinson’s disease, dopamine agonists are among the preferred treatment options, 
particularly in the treatment of young Parkinson’s patients. The known side-effects of dopamine agonists include 
impulse control disorder, hallucinations, mania and delirium, suddenly falling asleep, somnolence, and dyskinesia. 
Hallucinations consist of mostly vivid visual hallucinations and rarely reported auditory hallucinations. 
Background: 56 year-old, female, housewife; presented to us with tremor in the left hand and slowness of 
movement which have been present for approximately one year. In the neurological examination, she had mildly 
hypophonic speech and mild bradymimia. The left arm was bradykinetic. There was more pronounced rigidity in the 
elbows in the bilateral upper extremities and in the left arm. Reduction in associated movements was noticed on the 
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left side. Resting tremor was observed in the left hand. Step length was reduced but balance and turns were fine. 
Cranial MRI findings within normal range were determined. 
Methods: Rasagiline treatment was initiated with a provisional diagnosis of idiopathic Parkinson’s disease. One 
month later, 0,375 mg pramipexole was added. 10 days later, the patient presented to our outpatient clinic. She 
reported a constant smell of urine and cigarettes that appeared 2 days after starting the pramipexole treatment. She 
said that these smells were not felt by the people around her and those in the same environment and that it caused 
great discomfort. Neither the patient nor the people who she lived together with smoked. 
Results: The pramipexole treatment of the patient was stopped and the treatment was continued with rasagiline 
alone. 3 days after ceasing dopamine agonist use, the olfactory hallucinations fully resolved. Later, no side effects 
were observed in the patient who had ropinirole added to her treatment. 
Conclusions: A case of visual hallucinations, agitation, and myoclonus that appeared with the use of high-dose 
pramipexole has been reported. Although visual and auditory hallucinations associated with dopamine agonist use 
have been reported as side effects, olfactory hallucinations have not been reported in the literature. 

103 
Effect of an Increase in Dose of Istradefylline, an A2A Receptor Antagonist, in Levodopa (LD)-Treated 
Patients with Parkinson’s Disease (PD) 
N. Hattori, T. Nomura, P. Salzman, H. Kitabayashi, M. Ishiuchi, K. Toyama, A. Mori (Tokyo, Japan) 
Objective: To observe whether increasing the istradefylline dose from 20 to 40mg/day provides more patients with 
meaningful clinical responses. 
Background: Istradefylline, a well-tolerated selective adenosine A<sub>2A</sub> receptor antagonist, acts in the 
indirect basal ganglia outflow pathway. Doses of 20 and 40mg/day were approved in Japan in 2013 as adjunctive 
treatment to LD-containing products in PD patients experiencing motor fluctuations. Istradefylline significantly 
improved OFF-time in placebo-controlled, fixed-dose studies, with similar mean efficacy responses for 20 and 
40mg/day doses. 
Methods: Istradefylline was evaluated in PD patients receiving LD and experiencing motor fluctuations. In this 
open-label extension study, extended from a Phase 3, randomized, placebo-controlled, double-blind trial of 
istradefylline, patients (N=308) received a starting once-daily oral dose of istradefylline 20mg/day. The dose could 
be increased to 40mg once daily after 4 weeks if there was good tolerability, suboptimal treatment response, and 
patient agreement. At Week 8, change in daily OFF-time and ON-time (using patient-completed 24-hour ON/OFF 
diaries) and Clinical Global Impression-Global Improvement (CGI-I) were assessed and compared with Week 4. 
Adverse events (AEs) were recorded throughout. 
Results: Baseline characteristics were similar between analysis groups (remained on 20mg or increased to 40mg). 
At Week 8, the percentage of patients with ≥1-hr reduction in daily OFF-time was greater among those whose 
istradefylline dose was increased to 40mg vs those who remained on 20mg (Table). Similarly, a greater percentage 
of patients had ≥1-hr increase in ON-time without troublesome dyskinesia and improved CGI-I scores when 
istradefylline dose was increased to 40mg compared with those who remained on 20mg (Table). In randomized, 
placebo-controlled, double-blind trials of istradefylline, dyskinesia was the most frequently reported AE, with 
similar incidence in 20 and 40mg/day treatment groups. [table1] 
Conclusions: These results demonstrate that for patients whose response to istradefylline 20mg/day was suboptimal, 
increasing the dose to 40mg/day resulted in a greater percentage of patients with improvements in patient-reported 
OFF-time, ON-time without troublesome dyskinesia, and physician-rated CGI-I scores. 
 
Sponsor of studies: Kyowa Hakko Kirin Co., Ltd. 
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Open-label safety and tolerability of L-Dihydroxyphenylserine (L-DOPS) and high dose carbidopa therapy in 
Parkinson’s disease patients 
K. Hay, K. McDonell, P. Trujillo, M. Donahue, N. van Wouwe, D. Claassen (Nashville, TN, USA) 
Objective: To assess safety, tolerability, and central effects of L-Dihydroxyphenylserine (L-DOPS), in Parkinson’s 
disease (PD) patients treated with DOPA decarboxylase inhibition. 
Background: Norepinephrine (NE) is deficient in PD patients and clinical symptoms such as apathy, visual 
attention, and fatigue may be, in part, related to its deficit. We have applied arterial spin labeling (ASL) methods to 
assay L-DOPS effects on cerebral metabolism and applied these methods to a cohort of PD patients in a safety and 
tolerability study. 
Methods: An open-label safety and tolerability dose-escalation study of high dose L-DOPS and high dose 
Carbidopa (200mg) was performed in patients with the Postural Instability Gait Disorder (PIGD) subtype of PD. 
Participants (n=15; 9/6 female/male, Mean age = 70, H&Y stage = 3), were assessed at baseline (best medical 
treatment, carbidopa 200mg BID), and at maximum tolerated dose of L-DOPS and carbidopa. The duration of the 
assessment was 11-weeks. 11 completed 3 Tesla MRI in the baseline and treated visit. Imaging measures included 
anatomical T1-weighed imaging and perfusion-weighted ASL. Additionally, participants completed a probabilistic 
reward and punishment learning task. Our endpoints were tolerability of treatment, regional cerebral blood flow 
(CBF) changes at baseline and visit 3, and rates of reward and punishment learning performance. A Wilcoxon 
signed-rank test was used to assess treatment differences with two-sided defined significance p<0.05. 
Results: L-DOPS was well tolerated in our cohort as 75% of patients remained at 600mg BID. At treatment, 
decreases in CBF were observed in the ventral striatum (p=0.03), the caudal middle frontal cortex (p=0.02), and a 
trend for increases in CBF to the isthmus of the cingulate (p=0.05). Treatment improved learning from a negative 
outcome (p = 0.009) but not from a positive outcome. More specifically, patients showed an improvement in 
learning to act to avoid negative outcomes (p=0.009) and a trend toward withholding acting to avoid negative 
outcomes (p=0.054). 
Conclusions: L-DOPS treatment resulted in measurable changes to brain hemodynamics and improvements in 
learning from negative outcomes. These data support the central-acting nature of NE treatments, and support future 
studies assessing NE effects on mood, learning, and reward-based decision-making. 
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105 
Opicapone as a levodopa sparing agent: pooled analysis of BIPARK-I and II double-blind trials 
R. Hauser, O. Rascol, W. Poewe, J. Ferreira, A. Lees, O. Klepitskaya, G. Liang, A. Santos, D. Magalhães, J. Rocha, 
P. Soares-da-Silva (Tampa, FL, USA) 
Objective: To evaluate, in levodopa-treated Parkinson’s Disease (PD) patients, the ability of opicapone (OPC) to act 
as levodopa-sparing agent. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level double-blind data from matching treatment arms in BIPARK-I and II were combined for the 
OPC-50mg group. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post-hoc analysis was performed to 
evaluate motor response (OFF- and ON-time change and UPDRS III) and quality of life (assessed by PDQ-39) in 
levodopa-treated PD patients that reduced levodopa. 
Results: From the 517 Full Analysis Set patients, 262 were randomized to OPC-50mg and 41 (16%) had a daily 
levodopa reduction during the double-blind adjustment period. Mean levodopa dose at baseline was ~840 mg and 
patients presented ~6.5 hours of mean OFF-time. By the end of adjustment period, levodopa was reduced, on 
average, by ~23% (~200mg) either due to dopaminergic adverse-events (n=30) or proactively (n=11, 27%). Despite 
dose reduction, levodopa-reduced patients had an absolute mean OFF-time decrease and ON-time increase of 
>2hours (-131mins and +125mins, respectively) by the end of double-blind period. Additionally, UPDRS parts II 
and III and PDQ-39 improved from baseline by -2, -3 and -3 points, respectively. 
Conclusions: Findings suggest that opicapone could act as levodopa-sparing agent and still improve both quality of 
life and motor response of levodopa-treated PD patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

106 
The Effect of Gocovri on Motor Aspects of Experiences of Daily Living: Analyses of MDS-UPDRS Part II 
Data from a Phase 3 Program 
R. Hauser, D. Kremens, D. Chernick, R. Patni, J. Hubble (Tampa, FL, USA) 
Objective: To assess the impact of Gocovri® (amantadine) extended release capsules on motor aspects of 
experiences of daily living in PD patients. 
Background: Gocovri is the only FDA-approved treatment of dyskinesia for PD patients taking levodopa therapy, 
with demonstrated significant reduction in dyskinesia and OFF time in two phase 3 trials. Part II of the Movement 
Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) is a patient-reported, 13-item measure 
assessing disability in motor aspects of experiences of daily living (m-EDLs); each item is anchored and rates 
disability from none (0) to severe (4). A change of at least 2 points in the MDS-UPDRS Part II is reported to be 
clinically important. 
Methods: Baseline to week 12 changes in the total and the individual item scores for MDS-UPDRS Part II were 
compared for Gocovri and placebo using pooled data from both phase 3 trials. 
Results: Baseline mean MDS-UPDRS Part II total score was 15.1 for Gocovri (n=97) and 15.3 for placebo (n=90) 
and at week 12, the LS Mean change from baseline was -3.4 and -1.4 for Gocovri and placebo, respectively. The 
placebo-adjusted treatment difference was -2.0 (95% CI of -3.34, -0.66; P<.004). Improvement was driven primarily 
by reduction in four m-EDLs: freezing, tremor, getting out of bed/car/deep chair, and eating tasks. For these 
respective items, the placebo-corrected differences were: -0.4, -0.4, -0.3, -0.2 (P<.0001, P=.002, P=.002, P=.02). 
Conclusions: These post-hoc analyses of patient-reported data (MDS-UPDRS Part II) suggest that Gocovri may 
improve freezing, tremor, and other motor aspects of experiences of daily living. Since the MDS-UPDRS asks 
patients about their average or usual function over the past week, further studies should be considered to confirm 
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these findings and explore whether they reflect decreased OFF time, or improved function during ON and/or OFF 
time. 

107 
Analysis of the Shape of the Gocovri Steady-state PK Profile: Implications for an Extended Release Product 
R. Hauser, S. Isaacson, A. Mittur, A. Formella, R. Patni (Tampa, FL, USA) 
Objective: To demonstrate the unique shape and pharmacokinetic (PK) profile of Gocovri® (amantadine) extended 
release (ER) capsules by using metrics pertinent to ER dosage forms. 
Background: Gocovri, dosed at bedtime, has been demonstrated to reduce dyskinesia and OFF in Parkinson’s 
disease (PD). The recommended bedtime dosing may seem unexpected for an ER product that is needed for 
symptoms primarily occurring in the daytime, such as amantadine. Typical PK metrics of Cmax, Tmax, and AUC 
may be inadequate to differentiate the shape of PK curves from different ER products. An expanded understanding 
of metrics pertinent to ER dosage forms will help highlight the rationale for Gocovri bedtime dosing. 
Methods: Single and multiple-dose Gocovri PK in healthy volunteers was analyzed by noncompartmental methods. 
The shape of the Gocovri PK curves up to Cmax and sustenance of plasma concentrations were characterized by 
partial AUC (pAUC to assess overnight exposure), apical concentrations (Cap) within a dosing interval, (mean of 
concentrations within 25% of Cmax), and dose-independent parameters Trise (time for concentration to rise above 
pre-dose concentration) and plateau time (Tpla, duration that concentrations are maintained ≥75% of Cmax). 
Results: Following a single dose of Gocovri, pAUC0-4 was 0.5% and pAUC0-8 was 8% of the total exposure, 
consistent with delayed and slow-release kinetics. Based on subject-level analysis of Gocovri PK, steady-state 
median Trise was 4 h and plateau concentrations were attained 4.5 hours after QHS dose and sustained (Tpla) for a 
median duration of 14 h over each dosing interval (11 h of awake period). Trough concentrations occurred ~24 h 
after dosing and persisted for 2-4 h after the next dose. Estimated amantadine Cap with 137 mg Gocovri QHS was 
476±148 ng/mL (mean±SD) compared to Cmax of 558±146 ng/mL. 
Conclusions: In order to illustrate the shape of the Gocovri PK profile, metrics of early drug exposure, duration of 
sustained exposure, and profile flatness are required. Bedtime dosing of Gocovri results in delayed, slow rise in 
concentrations that are high in the morning and sustained throughout the day while minimizing nighttime exposure. 
This unique PK profile may contribute to the pharmacodynamic effects of Gocovri in reducing both dyskinesia and 
OFF time. 

108 
Changes to Speech Production after SpeechVive Treatment in Individuals with Parkinson’s Disease 
J. Huber, E. Stathopoulos, J. Sussman, K. Richardson, D. Matheron, S. Snyder (West Lafayette, IN, USA) 
Objective: The purpose of the present study was to assess the effects of a device-driven treatment (SpeechVive) on 
respiratory and laryngeal function after 8 weeks of daily use. 
Background: Current speech therapy for patients with Parkinson’s disease (PD) focuses on increasing loudness. For 
success with behavioral therapy at the conversational level, individuals with PD must remember to use treatment 
techniques consistently. We developed a device-driven treatment using the presence of noise as an external cue to 
naturally elicit a louder and clearer voice. A voice-activated device, the SpeechVive, delivered multi-talker babble to 
the patient while s/he was talking. The respiratory and laryngeal systems are integrally involved in supporting louder 
speech. Individuals with PD have been shown to have respiratory and laryngeal impairments. There is the potential 
for loudness training to result in changes to respiratory and laryngeal support for speech. 
Methods: Thirty-nine individuals with idiopathic PD diagnosed with hypophonia participated. Speech severity was 
predominantly moderate, pre-treatment. For eight weeks, patients were asked to wear the SpeechVive for 2-8 hours 
per day when they were communicating. The SpeechVive produced noise on voice activation by feedback from an 
accelerometer placed on the neck. The patient heard “multi-talker babble” noise only when they were speaking 
through an open ear fitting. Data were collected 2 times pre-treatment and immediately after treatment. Participants 
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were tested first without the SpeechVive and then with the SpeechVive. Acoustic and kinematic data were collected 
and measured during a spontaneous speech task. Aerodynamic data were collected during a sentence production. 
Results: Mixed model ANOVAs were used to assess treatment effects (p<.01). Vocal intensity was higher and 
utterance length was longer after treatment. Lung volume use was more typical after treatment. Vocal fold valving 
improved after treatment. Patients and caregivers rated communication effectiveness as higher after treatment. 
Conclusions: Use of the SpeechVive for 8 weeks resulted in higher SPL, longer utterances and more efficient 
laryngeal and respiratory support for speech. These data show an empirical training effect and show that the 
SpeechVive was useful in treating speech impairments associated with PD. Data were presented at the ASHA 
Convention in 2014. 

109 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to baseline body 
mass index: post-hoc analysis from double-blind combined BIPARK-I and II data. 
F. Ikedo, J. Ferreira, A. Lees, E. Tolosa, W. Poewe, R. Costa, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to baseline body mass index (BMI). 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of study medication (OPC-
50mg n=265, PLC n=257) and were included in this analysis. 18-30 kg/m2 BMI patients represented ~78% of both 
OPC-50mg and PLC groups. Overall, 64.2% of OPC-50mg patients reported any TEAE compared to 57.2% in PLC. 
There was a comparable-to-overall incidence of TEAEs for 18-30 kg/m2 BMI-matched patients (65.9% vs. 55.5% 
for OPC-50mg and PLC groups). In contrast, for >30 kg/m2 BMI-matched patients, TEAEs’ incidence was lower in 
OPC-treated patients (54.5%) than PLC-treated ones (63.0%). The most frequently occurring TEAE was dyskinesia 
in both subgroups. 
Conclusions: Opicapone appears to be well-tolerated in both 18-30 kg/m2 and >30 kg/m2 BMI patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

110 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to baseline 
dopamine agonist use: post-hoc analysis from double-blind combined BIPARK-I and II data 
F. Ikedo, A. Lees, J. Ferreira, O. Rascol, F. Stocchi, R. Costa, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
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laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to baseline dopamine agonist (DA) use. 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of study medication (OPC-
50mg n=265, PLC n=257) and were included in this analysis. Non-DA user patients represented ~30% of both OPC-
50mg and PLC groups and used higher amount of levodopa at baseline. Overall, 64.2% of OPC-50mg patients 
reported any TEAE compared to 57.2% in PLC. Incidence of TEAEs was 59.4% (OPC-50mg) and 56.1% (PLC) for 
DA-matched user patients and 74.1% (OPC-50mg) and 60.0% (PLC) for non-DA-user patients. The most frequently 
occurring TEAE was dyskinesia in both subgroups. 
Conclusions: Opicapone appears to be well-tolerated in both DA and non-DA user patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

111 
Incidence of treatment-emergent adverse events in Parkinson’s disease patients according to gender: post-hoc 
analysis from double-blind combined BIPARK-I and II data 
F. Ikedo, J. Ferreira, A. Lees, E. Tolosa, W. Poewe, R. Costa, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the incidence of treatment-emergent adverse events (TEAEs) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations and taking opicapone (OPC). 
Background: OPC is a once-daily COMT inhibitor that proved effective in the treatment of motor fluctuations in 
PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. Safety was assessed by incidence of TEAEs, 
laboratory parameters, ECGs and vital signs. An exploratory post-hoc analysis was performed to evaluate the 
incidence of TEAEs according to gender. 
Results: Of the 1027 patients randomized to BIPARK-I and II, 522 patients took a dose of study medication (OPC-
50mg n=265, PLC n=257) and were included in this analysis. Male patients represented ~58% of both OPC-50mg 
and PLC groups. Overall, 64.2% of OPC-50mg patients reported any TEAE compared to 57.2% in PLC. There was 
a comparable incidence of TEAEs for Male-matched user patients (65.0% vs. 56.3% for OPC-50mg and PLC 
groups) and Female-matched patients (62.9% vs. 58.3% for OPC-50mg and PLC groups). The most frequently 
occurring TEAE was dyskinesia in both subgroups. 
Conclusions: Opicapone appears to be equally well-tolerated in both Male and Female patients. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

112 
RimbotulinumtoxinB in the treatment of adult sialorrhea 
S. Isaacson, W. Ondo, M. Lew, K. Dashtipour, D. Chary, T. Clinch, F. Pagan (Boca Raton, FL, USA) 
Objective: To assess efficacy, safety and tolerability of repeat injections of rimabotulinumtoxinBfor the treatment 
of sialorrhea. 
Background: Sialorrhea (drooling) can cause significant morbidity in several neurological disorders, including 
impaired oral hygiene, perioral irritation, embarrassment, swallowing impairment, and increased risk of aspiration. 
Local injections of botulinum toxin-B (BoNT-B) into the parotid and submandibular glands reduce saliva 
production. 
Methods: This was a double-blind, placebo-controlled (DBPC) study with open-label (OL) extension 
(NCT01994109).In the DBPC phase, adult subjects with Parkinson’s disease, amyotrophic lateral sclerosis, 
medication-induced sialorrhea, stroke and other disorders were randomized (1:1:1) to receive rimabotulinumtoxinB 
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2500U vs 3500U vs placebo. During the OL phase, all subjects received 3500U during the first OL treatment cycle; 
dose adjustments were permitted in OL cycles 2-4 (injection interval 11-15 weeks). Co-primary outcomes were 
change from baseline to week 4 in: Unstimulated Salivary Flow Rate (USFR) and Clinical Global Impression of 
Change (CGI-C). 
Results: Of the 187 enrolled subjects, 176 completed the DBPC, 170 entered OL treatment and 128 completed the 
OL phase up to 1 year. Treatment with rimabotulinumtoxinB in the DBPC study significantly reduced USFR week 4 
versus placebo (mean treatment effect: -0.30 for both doses vs. placebo, p<0.0001). CGI-C scores were significantly 
better at week 4 for both treatment groups versus placebo (-1.21 for 2500U and -1.14 for 3500U, both p<0.0001). 
Treatment benefits were seen as early as week 1 and were maintained over repeat treatment for up to 1 year. The 
most frequent AE with rimabotulinumtoxinB was dry mouth (38-45%); in subjects who underwent repeat treatment, 
the incidence of AEs reduced over time. 
Conclusions: RimabotulinumtoxinB provided effective treatment for sialorrhea in a DBPC multi-center trial. Long-
term, repeat treatment with rimabotulinumtoxinB was effective in reducing sialorrhea in subjects for up to 1 year. 

113 
Efficacy of carbidopa/levodopa enteral suspension (CLES) in advanced Parkinson’s disease patients 
previously treated with deep brain stimulation (DBS) – A subgroup analysis from PROviDE study 
S. Isaacson, R. Pahwa, S. Thakkar, P. Kandukuri, Y. Jalundhwala, P. Kukreja, Y. Bao, N. Gupta, I. Pan, J. Aldred 
(Boca Raton, FL, USA) 
Objective: To evaluate the effectiveness of carbidopa/levodopa enteral suspension (CLES) on patients with 
advanced Parkinson’s disease who had previously undergone deep brain stimulation (DBS). 
Background: Advanced therapies (such as DBS, CLES) may be considered when oral therapies cannot achieve 
adequate control of motor complications. Patients previously treated with DBS may still require dopaminergic 
therapy, and motor fluctuations may progress over time.(1) CLES has been shown to be effective as levodopa 
monotherapy, eliminating the need for other adjunctive dopaminergic medications.(2) The use of CLES in patients 
previously treated with DBS has been reported to be effective.(1,3-5) 
Methods: A sub-group of patients (n=13) from the PROviDE study who self-reported having DBS prior to initiation 
of CLES therapy were included in this analysis. PROviDE is a US-based real-world evidence study in patients 
initiating CLES.(6) Effectiveness was measured based on a standardized patient-reported outcomes for PD-related 
symptoms were collected via telephone-call or web-survey at baseline and regular intervals. In this interim analysis, 
effectiveness was measured as change from baseline at 3 months after initiating CLES therapy. 
Results: The baseline demographic characteristics are presented [Table 1]. Patients with prior DBS tended to have 
longer disease duration (Mean±SD: 17.07±6.76 years) compared to the patient population of PROviDE study. About 
85% of the patients required some assistance with walking. Compared to baseline, patients reported to have a 
significant reduction in off-time (Mean±SD: -2.08±2.81 hours/day; p<0.05) at 3-months. The patients also had a 
significant numerical improvement in the effectiveness domain of treatment satisfaction (Mean±SD: -14.23±16.21; 
p<0.05). Patients showed improvement (not significant) in other domains like dyskinesia, quality of life, sleep, 
fatigue, freezing of gait and overall treatment satisfaction (p>0.05) [Table 2]. 
Conclusions: Results from this sub-group analysis suggest that CLES may be a viable option for improving PD-
symptoms in patients previously treated with DBS. Small sample sizes may challenge statistical comparisons. 
Additional research is needed to further understand patient characteristics and treatment modalities of using CLES in 
patients previously treated with DBS. 
References: 1. El Kouzi, A. et al., 2018. Levodopa-Carbidopa Intestinal Gel (LCIG) in Deep Brain Stimulation 
(DBS) Parkinson’s Patients.(P6. 027). Neurology : Clinical practice., 90(15 Supplement), p.P6. 2. Buhmann, C. et 
al., 2017. Levodopa/carbidopa intestinal gel (LCIG) infusion as mono- or combination therapy. Journal of Neural 
Transmission, 124(8), pp.1005–1013. 3. Kumar, N. et al., 2018. Levodopa‐carbidopa intestinal gel therapy after 
deep brain stimulation. Movement Disorders, 33(2), pp.334–335. 4. Klostermann, F., Jugel, C. & Marzinzik, F., 
2011. Jejunal levodopa infusion in long‐term DBS patients with Parkinson's disease. Movement Disorders, 26(12), 
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pp.2298–2299. 5. Regidor, I.C. et al., 2017. Duodenal Levodopa Infusion for Long-Term Deep Brain Stimulation–
Refractory Symptoms in Advanced Parkinson Disease. Clinical Neuropharmacology, 40(3), pp.103–107. 6. Pahwa, 
R., 2018. Evaluating long-term effectiveness of carbidopa/levodopa enteral suspension in advanced Parkinson's 
Disease patients: PROviDE study design and baseline characteristics. Movement disorders, 33, p.S93. 
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114 
Duration of rimabotulinumtoxinB action in the treatment of adult sialorrhea 
S. Isaacson, M. Lew, F. Pagan, R. Pahwa, D. Chary, T. Clinch (Boca Raton, FL, USA) 
Objective: To assess the duration of rimabotulinumtoxinB action in the management of sialorrhea. 
Background: In neurological disorders, sialorrhea (drooling) is both prevalent and problematic. Local injections of 
botulinum toxin-B (BoNT-B) into the parotid and submandibular glands reduce saliva production, however patients 
require regular, repeated injections for maintained effectiveness. The standard reinjection schema is set at 12 weeks; 
however, it is important to understand the duration of action to ensure full symptom coverage over a treatment cycle. 
Methods: This was a double-blind, placebo-controlled study (NCT01994109). Adult subjects with Parkinson’s 
disease, amyotrophic lateral sclerosis, medication-induced, stroke and other disorders were randomized (1:1:1) to 
receive rimabotulinumtoxinB 2500U vs 3500U vs placebo. The last scheduled visit/time of reinjection was flexibly 
scheduled as 13 ±2 weeks. This post-hoc analysis evaluated the duration of action in those patients who responded 
(as defined by a 25% reduction in Unstimulated Salivary Flow Rate [USFR]) at peak effect (4 weeks). 
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Results: Of the 176 patients who completed the double-blind phase, 52/63 (82.5 %) in the 2500U group, 52/64 
(81.3%) in the 3500U group and 18/57 (31.6%) in the placebo group were responders at peak effect. The proportion 
of responding patients (placebo vs. 2500U vs. 3500U) who went on to have their next injection in the open-label 
phase was 33% vs. 10% vs. 15% at ≤12 weeks; 60% vs. 74% vs. 52% at >12-≤14 weeks; and 7% vs. 16% vs. 33% 
at >14 weeks. 
Conclusions: RimabotulinumtoxinB provided effective treatment for sialorrhea over the duration of the treatment 
cycle. Most patients had a treatment interval that was longer than the standard 12 weeks (78% had an injection at 13 
weeks or later) and a third of patients on the 3500U dose had an interval of more than 14 weeks. 

115 
Gocovri Dose Adjustment in Elderly Parkinson’s Patients at Risk for Renal Impairment: Implications from 
an Exposure Simulation Model 
I. Isaacson, A. Mittur, R. Patni (Boca Raton, FL, USA) 
Objective: Evaluate amantadine exposure following Gocovri® (amantadine) extended release capsules dosing 
regimens in renal impairment, using pharmacokinetic (PK) modeling and simulations. 
Background: Gocovri bedtime dosing provides therapeutic amantadine concentrations on morning awakening, and 
throughout the day to reduce dyskinesia and OFF in Parkinson’s disease (PD). Amantadine is excreted unchanged in 
the urine (>85%), with ~16 h mean elimination half-life in normal renal function. For all amantadine products, dose 
and/or dosing interval adjustment is recommended in moderate or severe renal impairment because elimination rate 
constant (ke) may be decreased >50%. Renal impairment is associated with older age, hypertension, and diabetes; 
based on population estimates, 20% of adults aged ≥65 years have at least moderate renal impairment. 
Methods: A one-compartment model was developed for single and multiple dose PK in healthy subjects; 
amantadine concentrations from a Gocovri trial in PD patients with no or mild renal impairment served as the 
reference population. Amantadine clearance across stages of renal impairment were derived from published sources. 
Exposures from approved, once daily bedtime Gocovri dosing regimens were simulated in PD patients with varying 
severity of renal impairment to match drug exposure in the reference population. 
Results: A one-compartment model describes amantadine PK with Gocovri. In moderate-severe renal impairment, 
standard titration to a 274 mg Gocovri maintenance dose resulted in ~3 to 5-fold higher Cmax and ~5 to 11-fold 
higher AUC compared to the reference population. Time to steady-state was 4 days in normal subjects, 1 week in 
moderate, and ~1 month in severe renal impairment. Daily maintenance doses of 68.5 mg (severe impairment) and 
137 mg (moderate impairment) resulted in exposure estimates similar to PD patients with no or mild renal 
impairment. 
Conclusions: This model predicts substantially higher amantadine exposure in patients with moderate or severe 
renal impairment than seen in Gocovri PD trials, which excluded patients with eGFR <50 mL/min/1.73m2. In 
elderly PD patients, moderate or severe renal impairment may be common. Clinicians should consider potential for 
renal impairment and adjust Gocovri doses per labeling, to avoid drug accumulation and potential dose-related 
adverse events. 
 
 

116 
The evaluation of exosomes as a biomarker of Parkinson’s disease 
Y. Ishiguro, T. Tsunemi, A. Yoroisaka, N. Hattori (Tokyo, Japan) 
Objective: This study is aimed to investigate whether the number and the contents of serum exosomes can serve as 
a useful biomarker for the diagnosis of Parkinson's disease (PD). 
Background: Pathological features of PD include the formation of Lewy bodies/neurites of which the main 
component is α-synuclein (α-syn). Exosomes, nano-sized extracellular vesicles, play important roles in many 
physiological processes in the central nervous system, but also in the pathological processes of neurodegenerative 
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disorders including PD. Exosomal α-syn secretion can attenuate intracellular a-syn burden whereas it may facilitate 
the propagation of α-syn. 
Methods: fifty-three PD patients who fulfilled the criteria of clinically established PD in the MDS-PD criteria and 
seventeen non-PD controls were recruited. Exosomes, prepared from serum by the conventional gradient 
centrifugation were enriched for multiple exosomal markers. The number of exosomes quantified by nanoparticle 
tracking system. The amounts of α-syn in total exosomal and media were quantified by ELISA. The correlation 
between exosomes and the heart to mediastinum (H/M) uptake ratio from cardiac-123I meta-iodobenzylguanidine 
(MIBG) was evaluated. 
Results: While no significant difference was observed in the amount of α-syn either in exosomes and media 
between PD and non-PD patients, there was a tendency that the number of exosomes was lower in PD compared to 
non-PD patients (p=0.065). There was no significant correlation between the number; the contents of exosomes and 
early and delayed H/M ratios from MIBG. 
Conclusions: Our results are consistent with our previous findings from cell culture experiments, where increased 
intracellular a-syn levels reduce secretion of exosomes and a-syn. Further studies are required to determine whether 
this reduction of exosomes is statistically significant. We also plan to evaluate the antibodies that detect specific 
aggregate forms of α-syn, and to analyze exosomes that are separated depending on the host organs. 

117 
A study for expanding application sites of rotigotine transdermal patch 
S. Itaya, Y. Choh, M. Takahashi, A. Inaba, K. Orimo, Y. Ono, H. Kujirai, S. Orimo (Tokyo, Japan) 
Objective: We examined to see whether to expand application sites of RTP other than the approved application 
sites. 
Background: Rotigotine transdermal patch (RTP) is a dopamine agonist for the treatment of Parkinson’s disease 
(PD), which provides a slow and constant supply of the drug over the course of 24 hours. However, some people 
with PD cannot continue to use RTP due to application site reactionssuch as severe itching, redness, and swelling in 
the approved application sites (shoulder, upper arm, abdomen, flank, buttock, and thigh). 
Methods: 30 people with PD (12 men, mean age: 76 years of age) who use RTP with some application site reactions 
were enrolled in this study.When sticking RTP on the approved application sites (group 1)or on the shin (group 2)for 
2 to 4 weeks, motor symptoms (MDS-UPDRS part 3 and Time Up and Go test: TUG),Clinical Global Impressions 
Scale (CGI), skin reactions (Visual Analog Scale: VAS), itching using (skin irritation score), and blood 
concentration of rotigotine were examined. 
Results: The mean MDS-UPDRS part 3 in the group 2 (32.3±10.0) was significantly lower than that in the group 1 
(34.8±11.3). There were no significant differences of the TUG steps and TUG time between thegroup 1 (21.2±13.8 
steps/15.2±8.0 sec)and group 2 (20.9±10.1 steps/16.3±11.8 sec), respectively. CGI scale was much minimally or 
improved (37%), no change (50%), and minimally or much worse (13%). The mean VAS score in the group 2 
(9.3±14.0 points)was significantly lower than that in the group 1 (41.3±19.7 points). The mean skin irritation score 
in the group 2 (0.30±0.28)was significantly lower than that in the group 1 (0.62±0.42). Blood rotigotine 
concentration of the group 2 (1.29±0.47 ng/ml)was significantly lower than that of the group 1 (1.41±0.54 ng/ml). 
Conclusions: The results showed that MDS-UPDRS part 3was significantly improved in the shin group compared 
to the approved application sites group, whereas TUG test and CGI scale were not different between the two groups 
and blood rotigotine concentration was slightly reduced in the shin group. Application site reactions judged by VAS 
score and skin irritation score in the shin group were significantly improved compared to the approved application 
sites group. These results indicate that the shin can be a useful application site to paste RTP. 

118 
Formulations and evaluations of Intranasal Nose to Brain Delivery of Curcumin with resveratrol 
Nanoparticle for treatment of Parkisonism 
A. Jain, S. Jain (Sagar, India) 
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Objective: Parkinson’s disease (PD) is a common neurodegenerative disease characterized by motor symptoms of 
tremor, rigidity, bradykinesia, and postural instability. Growing evidence indicates that resveratrol and curcumin 
they can protect dopaminergic neurons against the neurotoxins 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) induced cell degeneration. In this article, we formulated and evaluated Intranasal Nanoparticle of Curcumin 
with resveratrol for treatment of Parkisonism. 
Background: Resveratrol and curcumin are polyphenolic compound naturally present in red wine and grapes, has a 
number of pharmacological effects including anti-inflammation, anti-apoptosis, antioxidation, and others. It is also 
able to cross the blood-brain barrier and is water soluble but entrance of resveratrol and curcumin into the brain is 
limited and this work brings a new strategy to overcome these constrains by developing nanosystems capable of 
protecting resveratrol and curcumin from the extensive degradation and metabolism and enhancing the delivery into 
the brain in an appropriate therapeutic concentration. 
Methods: Resveratrol and curcumin loaded chitosan nanoparticles prepared by ionic gelation with tripolyphosphate 
anions. Nano-particle were characterized for particle size, polydispersity index (PDI), zeta potential, loading 
capacity, entrapment efficiency in vitro release study, and in vivo distribution after intranasal administration. 
Results: The mean particles size, polydispersity index (PDI) and encapsulation efficiency was found to be 
144.7 ± 9.45, 0.470 ± 0.07 and 98.56 ± 3.19, respectively. The Nanoparticles showed sustained release profiles for up 
to 13 h. The concentrations (% Radioactivity/g) in the brain following intranasal administration were found to be 
significantly higher at all the time points. The concentration of naoparticle was highest in the liver (8.934 ± 0.66), 
followed by kidneys (5.129 ± 0.34), intestine (3.72 ± 0.23), and lungs (2.207 ± 0.87) in rats following i.n. 
administration. Gamma scintigraphy imaging in rats was performed to ascertain the localization of drug in the brain. 
Conclusions: The results showed significant enhancement of bioavailability in brain, after administration of the 
Resveratrol and curcumin loaded chitosan nanoparticles which could be a substantial achievement of direct nose to 
brain targeting in Parkinson's disease therapy. 

119 
Design, characterization and In vivo evaluation of intranasal delivery of levodopa loaded microspere for 
Parkinsonism 
S. JAIN, A. JAIN, S.B. BHARGAV (Sagar, India) 
Objective: Levodopa is the drug of choice in the treatment of Parkinson's disease but it exhibits low oral 
bioavailability and very low brain uptake. The present research work involves formulation development and 
evaluation of nasal mucoadhesive microsphere aerosol of leveodopa in view to, improve bioavailability and reduce 
dosing regimen. 
Background: The intranasal route of administration has emerged as an attractive method for delivering brain 
impermeable drugs and proteins to the CNS. This is because intranasal drug administration is generally well 
tolerated, noninvasive, and because the olfactory route of administration completely bypasses the blood brain 
barrier. 
Methods: The Microspheres were prepared by spray drying and cross-linking method using mucoadhesive polymers 
including chitosan salt, hydroxypropylmethylcellulose, sodium alginate and contained levodopa. Formulation 
parameters and processing parameters like ratio of drug to polymer and stirring speed were optimized. Microspheres 
were evaluated for particle size, drug content, swelling ability, percentage yield, In Vitro release characteristics and 
suitability for nasal drug delivery in terms of particle size and in vivo distribution after intranasal administration. 
The efficiency of levodopa microspheres aerosol to striatal transplantation and the altering of apomorphine-induced 
rotational behavior in the 6-hydroxydopamine unilaterally lesioned rat model were also tested. 
Results: The average particle size of spray-dried and cross-linked formulations were found in the range between 10-
30 µm with percent mucoadhesion in the range of 90%-95%. In vitro drug release was found to be proportional to 
drug to polymer ratio. In vitro drug release for optimized formulation, that is, (F4), was found to be 94.56% at the 
end of 6 h. Release of drug from microspheres followed non-Fickian diffusion kinetics. Levodopa loaded 
microsphere aerosol groups exhibited lower rotation scores than microsphere groups as early as 1 week postlesion. 
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These benefits continued throughout the entire experimental period and they were statistically significant during the 
1, 2 and 8 weeks. The histopathological study indicates nonirritant nature of microsphere. 
Conclusions: The results of this work indicate that intranasal aerosol microsphere of levodopa may be beneficial for 
the treatment of Parkinson’s disease compared with other delivery routes reported earlier. 

120 
Development Of Anti-Parkinsonism Poly Herbal Sustained Release Formulation Composed Of Potential 
Traditional Plant Extracts 
S. Jain, A. Jain, S. Bhargav (Sagar, India) 
Objective: Parkinsonism is one of the commonest neurodegenerative diseases, which is characterized by a selective 
and progressive degeneration of dopaminergic neurons, causing a series of symptoms which might ultimately induce 
programmed cell death. In present study Floating tablets of alcoholic extracts of  Mucuna  pruriens, 
Bacopa  monniera, Centella  asiatica and Curcuma longa  were developed with an aim to prolong its gastric 
residence time and increase the bioavailability of drug. 
Background: Various allopathic drugs such as Carbidopa,Levodopa, Benseraside, are used in the management 
ofParkinson disease but have serious side effects and also they are very costly as compared to herbal medicines 
whichhas very less side effects so we choose herbal drug for the management of Parkinson disease. 
Methods: Direct compression technique was used for the formulation of polyherbal floating tablets which consists 
of different compositions of Hydroxy Propyl Methyl Cellulose Micro Crystalline Cellulose (MCC) and Sodium 
bicarbonate (NaHCO3). Formulation was optimized on the basis of floating time and in vitro drug release. 
Parkinson’s disease was induced by administering haloperidol (1 mg/kg i.p. daily x 1 week).The mice of either sex 
were divided into different group (n =6). First group received distilled water (orally), 2nd group were administered 
haloperidol (20 mg/kg i.p.). The 3rd groups were administered optimized formulation respectively, along with 
haloperidol. Group 4th received Levodopa (30mg/kg, i.p,) along with haloperidol. Behavioural changes caused by 
haloperidol were studied by rotarod test, grip strength test and locomotor activity by actophotometer. 
Results: The buoyancy time of all tablet formulations were found to be less than 10 min and remained in floating 
condition throughout the study, maximum till 12 hours. The optimized formulation was found to be f3 which was 
having buoyancy time of 4.2 min. The increased cataleptic scores (induced by haloperidol) were significantly 
(p<0.001) found to be more reduced with the f4 formulation as compared to negative control and standard treated 
group. 
Conclusions: The optimized formulation shows sustained release of herbal constituents for more than 12 hours and 
In Vivo studies also showed its potential for the treatment of parkinsonism. 

121 
Amplification of α-synuclein aggregates in cerebrospinal fluid by rapid ultrasonication-based assay 
K. Kakuda, K. Ikenaka, K. Araki, Y. Kajiyama, M. So, T. Ohmichi, Y. Nagai, T. Tokuda, Y. Goto, H. Mochizuki 
(Suita, Japan) 
Objective: To apply an ultrasonication-based misfolded  protein amplification to the evaluation of α-synuclein 
aggregates in CSF, and to investigate their clinical significances in Parkinson’s disease 
Background: α-synuclein aggregate is a key hallmark in the pathogenesis of Parkinson’s disease(PD) and other 
synucleinopathy. Some groups have reported the cyclic amplification of α-synuclein aggregates in CSF with 
shaking-based assays, and its usefulness for diagnosis of PD (Ref.1-3). However, conventional shaking-based assays 
needs several days, and it remains to be elucidated the clinical significance of the diversity of seeding activity 
among patients with PD. 
Methods: Recently, we developed an ultrasonication-based amyloid fibrillation assay (HANdai Amyloid Burst 
Inducer; HANABI) (Ref. 4,5). This assay was adapted to the amplification and detection of α-synuclein aggregates. 
First, the assay was implemented by pre-formed fibril in vitro. Second, the medium of cells induced aggregation was 
analyzed, mimicking CSF from patients. Finally, we evaluated the seeding activity of CSF from the cohort of 44 PD 
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patients and 17 control patients. We investigated the correlation of seeding activity with oligomers in CSF measured 
by enzyme-linked immunosorbent assay (ELISA) and oligomerization activity of CSF. We analyzed the difference 
between patients with PD and controls, and compared the results of HANABI assay with clinical scores and imaging 
data. 
Results: The assay could detect α-synuclein aggregates prepared in vitro and also increasing aggregates released 
from cultured cells to their medium (figure.1). The seeding activity of CSF reflected the amounts of α-synuclein 
oligomers measured by ELISA and oligomerization activity of CSF (figure.2). Although there are overlaps, CSF 
from patients with PD had higher seeding activity than that of controls (figure. 3). Notably, the lag time of patients 
with Parkinson’s disease was significantly correlated with the MIBG heart-to-mediastinum ratio (figure, 4). 
Conclusions: The ultrasonication-based assay rapidly detected α-synuclein aggregates. We showed the correlation 
between seeding activity and reduced MIBG uptake. Further improvement in the control system of ultrasonication 
are needed for clinical use. 
References: Ref. 1: Shahnawaz, M. et al. Development of a Biochemical Diagnosis of Parkinson Disease by 
Detection of alpha-Synuclein Misfolded Aggregates in Cerebrospinal Fluid. JAMA Neurol, 
doi:10.1001/jamaneurol.2016.4547 (2016). Ref. 2: Fairfoul, G. et al. Alpha-synuclein RT-QuIC in the CSF of 
patients with alpha-synucleinopathies. Annals of clinical and translational neurology 3, 812-818, 
doi:10.1002/acn3.338 (2016). Ref. 3: Groveman, B. R. et al. Rapid and ultra-sensitive quantitation of disease-
associated alpha-synuclein seeds in brain and cerebrospinal fluid by alphaSyn RT-QuIC. Acta Neuropathol 
Commun 6, 7, doi:10.1186/s40478-018-0508-2 (2018). Ref. 4: So, M. et al. Ultrasonication-dependent acceleration 
of amyloid fibril formation. J Mol Biol 412, 568-577, doi:10.1016/j.jmb.2011.07.069 (2011). 27 Ref. 5: Umemoto, 
A., Yagi, H., So, M. & Goto, Y. High-throughput analysis of ultrasonication-forced amyloid fibrillation reveals the 
mechanism underlying the large fluctuation in the lag time. J Biol Chem 289, 27290-27299, 
doi:10.1074/jbc.M114.569814 (2014). 

122 
Pharmacological effect of adenosine A2A receptor antagonist for levodopa-induced dyskinesia associated 
with cellular energy homeostasis 
N. Kanzato (Okinawa, Japan) 
Objective: To evaluate the Levodopa induced dyskinesia (LID) in the clinical view point of autophagy and cellular 
energy homeostasis, and the pharmacological effect of adenosine A2A receptor antagonist (Istradefylline; IST) 
adjunct to L-dopa (IST-Ld). 
Background: Striatal cellular energy homeostasis are maintained by protein kinase of adenosine monophosphate-
activated protein kinase (AMPK) signaling pathway. A2AR antagonist have the non-canonical effects to regulate 
AMPK signalings. 
Methods: The study was approved by the local ethics committee of our hospital, and informed consent were 
obtained from the patients. The cohort recruited 62 patients with early to advanced stages of PD as part of open-
label trials for five years from 2013 to 2018. Effects of the IST-Ld were prospectively measured with Clinical 
Global Impression-Global Improvement Scale (CGI-I), and the Unified Parkinson’s Disease Rating Scale (UPDRS), 
and Unified Dyskinesia Rating Scale (UDysRS). The biomarkers of autophagy functions were measured; body 
weight changes (⊿), blood levels of Insulin/ICG-1 and transferrin. The levels of p-α-synclein of plasma (IMR) were 
measured in severe dyskinesia patients. Wilcoxon signed-rank test and binomial logistic regression analysis were 
used with IBM SPSS statistics version 12.0. 
Results: The frequency of dyskinesia; baseline, 26.1%; 36 months, 39.6%, 60 months 33.3%. The significant odds 
ratio of the genesis of dyskinesia; ⊿body weight, UPDRS part 3 score, and blood biomarkers of autophagy (p<0.05). 
Conclusions: IST-Ld did not promote the genesis of dyskinesia, which may be both the possibility of the L-dopa 
sparing effect of IST and the suppression of L-dopa induced aberrant downscaling of autophagy and energy 
metabolism. 
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References: 1) N kanzato. Branched chain amino acid (BCAA) and cellular metabolism. –alternative therapy for 
tardive extrapyramidal disorders-. Seishinka 2019, 34(1),1-5. 

123 
Changes in Supine Blood Pressure with Long Term Use of Droxidopa 
M. Karnik-Henry, S. Gorny, L. Hewitt, A. Lindsten, S. Kymes, A. Favit (Deerfield, IL, USA) 
Objective: To determine the long-term effects of droxidopa use on supine blood pressure (BP) in patients with 
neurogenic orthostatic hypotension (nOH). 
Background: nOH is a sustained drop in BP upon standing, with little or no compensatory increase in heart rate. 
Many patients with nOH also experience supine hypertension, both due to baroreflex dysfunction. Droxidopa is 
approved by the FDA to treat symptoms of nOH in patients with autonomic failure. Pressor medications like 
droxidopa may increase standing and supine BP. 
Methods: We examined changes in BP over time among patients treated with droxidopa, focusing on those who 
transitioned to “high” supine BP, defined as >140 mmHg. Patients with symptomatic nOH who participated in a 
short-term, double-blind, randomized clinical trial (NOH301 or NOH302) were enrolled in a 12 month long-term 
extension study NOH303 (LTE). Patients enrolled in NOH303 received an individualized dose of 100–600 mg, TID. 
Supine BP was measured before treatment initiation (baseline) and at study visits and were classified as low, normal, 
or high supine systolic BP (SBP; <110, 110–140, and >140 mmHg, respectively). 
Results: 102 patients participating in the LTE were analyzed (60% men; mean age, 66 years). At baseline, overall 
supine SBP (mean ± SEM) was 132±2 mmHg, grouped as follows: low (97±2 mmHg, n=15); normal (125±1 
mmHg, n=49); and high (155±2 mmHg, n=38). Low and normal were combined for analysis (119±2 mmHg, n=64). 
Of patients with low/normal supine SBP at baseline, 29% (12/41) and 30% (10/33) had transitioned to high supine 
SBP at 6 and 12 months of treatment, respectively (155±3 and 162±4 mmHg; maximum, 171 and 187 mmHg). Of 
patients with high supine SBP at baseline, 38% (10/26) and 38% (9/24) had transitioned to low/normal supine SBP 
at 6 and 12 months (127±4 and 129±4 mmHg). Changes in supine SBP from baseline to 12 months in the baseline 
low/normal and high supine SBP groups were +12±4 and –3±6 mmHg, respectively. Supine hypertension, defined 
as supine SBP >180 mmHg, was observed in 14% (14/102) of patients at any time during the study (5% in baseline 
low/normal, 29% in baseline high). 
Conclusions: In this study, roughly 1/3 of patients saw shifts in their SBP that were potentially clinically important. 
Patients treated with droxidopa can experience increases due to pressor activity or decreases due to the therapeutic 
effect of the drug. It is important to monitor and evaluate these changes during treatment. 

124 
Long-term safety and efficacy of apomorphine infusion in Parkinson’s disease (PD) patients with persistent 
motor fluctuations: results of the 1-year open-label phase of the TOLEDO study 
R. Katzenschlager, W. Poewe, O. Rascol, C. Trenkwalder, G. Deuschl, K. Chaudhuri, T. Henriksen, T. van Laar, D. 
Lockhart, A. Lees (Vienna, Austria) 
Objective: To evaluate the long-term safety and efficacy of apomorphine infusion (APO) in PD patients with motor 
fluctuations despite optimised oral therapy. 
Background: The randomised, double-blind phase (DBP) of the TOLEDO study (NCT02006121) confirmed the 
efficacy of apomorphine infusion (APO) in significantly reducing OFF time versus placebo in PD patients with 
motor fluctuations despite optimised oral therapy.1 Here we report results including the 52-week open-label phase 
(OLP). 
Methods: All patients completing the DBP (including early switching) were offered OLP entry. The primary 
objective was evaluation of long-term safety of APO. Efficacy parameters were also collected. 
Results: Eighty-four patients entered the OLP (40 previously on APO; 44 APO naïve) and 59 patients (70.2%) 
completed the study (30 previous APO; 29 APO naïve). 
The safety profile of APO was consistent with extensive clinical experience (Table 1). Common treatment-related 
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adverse events (AEs) were mild or moderate infusion site nodules, somnolence and nausea. Fourteen (16.7%) 
patients discontinued the OLP due to AEs; such AEs involving >1 patient were fatigue (n=2) and infusion site 
reactions (n=4); other AEs are shown in Table 1. There were no significant changes in QT interval, mild reductions 
in standing systolic blood pressure (-7 mmHg from baseline), slight increases in daytime sleepiness (Epworth 
Sleepiness Scale: +3.13 points from baseline; within normal range) and no changes in QUIP (Questionnaire for 
Impulsive–Compulsive Disorders in PD) or C-SSRS (Columbia Suicide Severity Rating Scale) scores. Reduction in 
daily OFF time (Figure 1) and improvement in ON time without troublesome dyskinesia (OWTD) (Figure 2) were 
maintained over 64 weeks. Pooled data for Week 64 (n=55) showed a mean (±SD) change from DBP baseline in 
daily OFF time of -3.66 (2.72) hours and in daily OWTD of 3.31 (3.12) hours.  Mean daily levodopa dose decreased 
from DBP baseline by >260 mg while levodopa-equivalent dose decreased by >500 mg. 
Conclusions: The 1-year OLP extension of the first randomised study of APO confirms sustained clinical benefit in 
PD patients with persistent motor fluctuations. Long-term safety and efficacy were consistent with previous 
experience from extensive clinical use and observational studies. 
References: 1. Katzenschlager R, et al. Apomorphine subcutaneous infusion in patients with Parkinson’s disease 
with persistent motor fluctuations (TOLEDO): a multicentre, double-blind, randomised, placebo-controlled trial. 
Lancet Neurol. 2018 Sep;17(9):749-759. 
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125 
A Phase 2 Study of the Efficacy, Durability and Safety of Ampreloxetine (TD-9855), a Norepinephrine 
Reuptake Inhibitor, Given Once-daily to Treat Neurogenic Orthostatic Hypotension (nOH) in Subjects with 
Synucleinopathies 
H. Kaufmann, I. Biaggioni, K. Chatamra, A. Panneerselvam, B. Haumann, R. Vickery (New York, NY, USA) 
Objective: To assess the efficacy and durability using validated symptom questionnaire OHQ, and safety of 
ampreloxetine, given once-daily to treat neurogenic orthostatic hypotension (nOH) in subjects with 
synucleinopathies. 
Background: nOH is due to failure of the autonomic nervous system to adequately increase synaptic norepinephrine 
(NE) to maintain upright blood pressure (BP). A norepinephrine reuptake inhibitor (NRI) could augment local 
synaptic concentrations of tonically released NE, at the vascular sympathetic neuroeffector junction, resulting in 
increased BP and reduced symptoms of orthostatic hypotension. Ampreloxetine is a novel NRI being investigated 
for the treatment of subjects with symptomatic nOH. 
Methods: This was a 24-week open-label Phase 2 multicenter study of subjects with nOH. After a single-dose 
escalation phase, responders were treated with ampreloxetine (3 to 20 mg) taken orally once-daily for up to 20 
weeks and followed for 4 weeks thereafter. Primary endpoint for efficacy was OHSA#1 at Week 4, durability was 
assessed at Week 20 and following withdrawal of treatment at Week 24. 
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Results: 21 subjects were enrolled in the open-label phase (mean age 64 years; 57% MSA). Of these, 16 (76%) 
completed the Week 4 assessment, 11 (52%) completed Week 20 and 10 (48%) were assessed at Week 24. The 
mean [SD] improvement from baseline in OHSA#1, OHSA and OHDAS composite scores are provided below. 
Table 1 Table 2 The most frequently reported AEs were urinary tract infection (24%), hypertension (19%), and 
headache (14%). Two subjects (10%) discontinued treatment due to AEs and 5 (24%) reported SAEs, none 
considered related to the study medication. 
Conclusions: In subjects with nOH, ampreloxetine demonstrated clinically meaningful improvements in OHSA#1 
at Week 4. The improvement in OHSA#1 was sustained through Week 20. Symptoms reverted back to baseline 
during the 4-week withdrawal. A similar trend was observed in OHSA and OHDAS composite 
scores.  Ampreloxetine was generally well-tolerated. 

 

 

126 
A Phase 2 Dose Escalation Study of Ampreloxetine (TD-9855), a Norepinephrine Reuptake Inhibitor, Given 
Once-Daily to Treat Neurogenic Orthostatic Hypotension (nOH) in Subjects with Synucleinopathies 
H. Kaufmann, I. Biaggioni, K. Chatamra, A. Panneerselvam, B. Haumann, R. Vickery (New York, NY, USA) 
Objective: To assess the acute effects of ampreloxetine on the pressor response, improvement of symptoms and 
safety in a daily, single, escalating doses. 
Background: nOH is due to failure of the autonomic nervous system to adequately increase synaptic norepinephrine 
(NE) and maintain upright blood pressure (BP) following postural change. Norepinephrine reuptake inhibitors (NRI) 
may augment local synaptic concentrations of tonically released NE, at the vascular sympathetic neuroeffector 
junction, resulting in increased BP and reduced symptoms of orthostatic hypotension. Ampreloxetine is a novel NRI 
being investigated for the treatment of subjects with symptomatic nOH. 
Methods: This was a multicenter, 2 part, single-blind (Part A) and randomized, double-blind (Part B) study of 
ampreloxetine versus placebo. Part A was a daily, single, escalating dose design starting with placebo on Day 1, 
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followed by escalating doses of ampreloxetine to a maximum dose of 20 mg. Escalation was based on safety, 
tolerability, pressor effect using seated systolic blood pressure (SBP) and change in symptoms. Part B was designed 
to confirm Part A results using a randomized, placebo–controlled, double-blind parallel design. 
Results: 34 subjects (mean age 66 years) were enrolled in Part A of the study. 29 (85%) completed all dosing level. 
At 4 hrs post dose the mean [SD] of change between placebo and 10 mg dose, for standing duration was 1.6 [3.6] 
minutes; seated SBP was 4.9 [20.1] mmHg. The most frequently reported AEs were headache and urinary tract 
infection; one subject discontinued treatment due to an AE; no SAEs were reported. In Part B, 10 subjects, 5 each in 
the ampreloxetine and placebo arms, were enrolled. The mean and 95% CI difference in seated SBP between 
ampreloxetine and placebo at 4 hrs post dose was 29.9 [7.6, 52.3]. 
Conclusions: In subjects with nOH, single doses of ampreloxetine resulted in an acute increase in seated SBP at 4 
hrs post dose and improvement in the ability to stand relative to baseline. Ampreloxetine was generally well 
tolerated. These results support further assessment of ampreloxetine in a multiple dose study evaluating the longer 
term effects on symptoms of nOH. 

127 
Non-Medical Switching: Impact on Movement Disorders Patients’ Access and Care 
B. Kennedy, J. Peterson, D. Charles (Washington, DC, USA) 
Objective: To demonstrate the adverse impact of non-medical switching on patient care. 
Background: Non-medical switching (NMS) is a policy under which insurers or their pharmacy benefit managers 
force stable patients to change medicines to save money. NMS can happen in several ways: Insurers remove a 
medication from their formulary or place certain medicines on a specialty tier. Specialty tier drugs have higher out-
of-pocket costs to patients, which can make them unaffordable. The increased financial burden forces patients to 
switch to a different medication. For movement disorders patients who must carefully manage complex conditions, 
NMS poses significant risks. Some patients may even abandon their medicines as a result of being switched. NMS 
also leads to increased health care costs in the form of more frequent doctor’s visits, preventable hospitalizations, 
and other downstream system costs. 
Methods: Between Jan. 8 and Jan. 13, 2019, an online poll of 800 patients (including movement disorders patients) 
who had experienced NMS was completed. 
Results: Nearly 60 percent of respondents indicated they experienced one or more complications due to the switch. 
These complications included re-emergence of previously controlled symptoms (28%), side effects (35%) or adverse 
interaction with other medicines (10%).[1] Additionally, 40 percent of patients reported increased frequency of 
visits to their clinician and nearly one in 10 required hospitalization after being non-medically switched.[1] 
Conclusions: NMS has a severe impact on patients’ health. Losing access to clinician-prescribed medication can 
lead to re-emerging symptoms, new side effects, or adverse drug interactions. NMS also unnecessarily increases 
health care system costs through increased visits and preventable hospitalizations. For movement disorders patients 
managing complex, progressive conditions, treatment stability is critical. NMS unnecessarily compromises these 
patients’ health by allowing a cost-saving health plan policy to usurp the clinical judgement and individualized care 
plan determined by each patient’s physician. Policymakers and health system leadership should take into account the 
negative effects of NMS and take steps to limit it. Policymakers and health plan leadership should consider the 
following to protect patients from NMS: 1. gain patient consent before changing patient medication and 2. maintain 
coverage for a patient’s already established medication. 
References: 1. Alliance for Patient Access. A study of the qualitative impact of non-medical switching. February 
2019. Retrieved from: http://allianceforpatientaccess.org/wp-content/uploads/2019/02/AfPA_Qualitative-Impact-of-
Non-Medical-Switching_Report_Feb-2019.pdf 
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128 
Does Team-based Outpatient Palliative Care Improve Patient or Care Partner-Centered Outcomes in 
Parkinson’s Disease and Related Disorders? 
B. Kluger, M. Katz, N. Galifianakis, K. Hall, S. Pantilat, R. Khan, C. Friedman, W. Cernik, J. Long, J. Kutner, S. 
Sillau, J. Miyasaki (Aurora, CO, USA) 
Objective: To assess whether outpatient palliative care (PC) improves patient or caregiver-centered outcomes in 
Parkinson’s disease and related disorders (PDRD) compared to current standards of care. 
Background: PC is an approach to serious illness that focuses on improving quality of life (QOL) by addressing 
medical symptoms, psychosocial needs, spiritual wellbeing, and advance care planning. People living with PD and 
their family caregivers have significant PC needs. While a growing number of centers worldwide now offer PC for 
PD there have been no comparative effectiveness trials of this approach to date. 
Methods: We randomized persons living with PDRD with moderate to high PC needs (and caregivers if present) to 
either continue current standard care or receive standard care augmented by a team-based PC clinic for 12 months. 
Our PC intervention included care from a neurologist, nurse, chaplain and social worker using structured checklists 
with guidance from a palliative medicine specialist. We collected patient QOL, symptom burden, grief, mood, 
spiritual wellbeing and caregiver burden surveys every 3 months. Our primary outcomes were change in patient 
QOL and caregiver burden at 6 months. 
Results: We enrolled 210 patients and 175 caregivers. Compared to standard care at 6 months, persons assigned to 
PC had better QOL (0.90 improvement vs 0.73 worsening, p = 0.027), symptom burden (7.3 improvement vs. 0.3 
worsening, p = 0.0062), grief (2.9 improvement vs. 0.3 improvement, p = 0.01) and caregiver burden (0.75 
worsening vs. 2.56 worsening, p = 0.049). There were no significant differences in mood or spiritual wellbeing. 
Secondary analyses suggested benefits were greatest for those with highest needs. 
Conclusions: Outpatient PC improves many patient and care partner-centered outcomes compared to standard care. 
This study supports efforts to integrate PC into PD care and provides a model utilizing palliative medicine 
specialists in a mentoring rather than consultative role to maximize limited palliative specialist resources while 
improving PC integration within movement disorders. 

129 
Use of Inappropriate Antipsychotics Among US Long-Term Care Residents with Parkinson’s Disease 
Psychosis 
D. Kremens, V. Abler, S. Andes, N. Rashid, A. Shim (Philadelphia, PA, USA) 
Objective: To characterize the use of inappropriate antipsychotic therapies among residents with Parkinson’s 
disease psychosis (PDP) in long-term care (LTC) settings in the US. 
Background: Parkinson’s disease (PD) is a progressive neurodegenerative disease, and an estimated 50% of 
patients will develop hallucinations or delusions, leading to PDP (1). The onset of psychotic symptoms often heralds 
transfer to LTC (2). Currently, pimavanserin is the only therapy approved for hallucinations and delusions in PDP, 
but second-generation AP therapies are frequently used, off label, for the treatment of PDP, including quetiapine and 
clozapine, the latter of which is associated with burdensome monitoring (3). 
Methods: Two national US LTC databases were used to identify PD residents between October 2010 and June 
2016. The first PD diagnosis was labeled as the PD date; PDP residents were identified after the PD date with ≥1 
diagnosis of psychosis, hallucinations, or delusions. Exclusions included history of secondary parkinsonism, 
dementia with Lewy bodies, primary psychiatric disorders (schizophrenia, schizoaffective disorder), other mood 
disorders with psychotic features, or delirium at any point in the study period; as well as delusional disorder on or 
before PD date. Pharmacy prescription claims were extracted so that all residents on a primary AP had at least 12 
months of follow up. 
Results: LTC databases showed similar relative rates in the use of APs. The AP and mean daily dose (MDD) used 
for one database was: quetiapine (51.7%, MDD 74.5±65.2), risperidone (17.4%, MDD 8.5±2.5), olanzapine (11.0%, 
MDD 10.4±5.3), aripiprazole (8.6%, MDD 10.4±8.7), and haloperidol (6.4%, MDD 14.1±10.1). The relative rates in 
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AP use was similar in the other database: quetiapine (57.0%), risperidone (24.6%), olanzapine (17.2%), aripiprazole 
(9.1%), and haloperidol (20%). In both databases, clozapine use was only 1.7% and 1.5%. 
Conclusions: A high percentage of non-indicated APs are prescribed in LTC to treat PDP despite equivocal efficacy 
and questionable safety, especially, haloperidol, a first-generation AP (4). These data highlight the need for 
increased awareness of appropriate AP selection to support optimal treatment of LTC PDP residents. 
References: 1. Forsaa EB, Larsen JP, Wentzel-Larsen T, et al. A 12-year population-based study of psychosis in 
Parkinson disease. Arch Neurol 2010;67(8):996–1001. 2. Aarsland D, Larsen JP, Tandberg E, Laake K. Predictors 
of nursing home placement in Parkinson’s disease: a population-based, prospective study. J Am Geriatr Soc 
2000;48(8):938–942. 3. Seppi K, Ray Chaudhuri K, Coelho M, et al. Update on treatments for nonmotor symptoms 
of Parkinson’s Disease–an evidence-based medicine review. Mov Disord 2019;34(2):180–198. 4. Chou KL, Borek 
LL, Friedman JH. The management of psychosis in movement disorder patients. Expert Opin Pharmacother 
2007;8(7):935–943. 

130 
Medical management of primary hemifacial spasm 
G. Kumar, D. Kaur, A. Singh (Patna, India) 
Objective: The purpose of this study is to evaluate the effect of various anti-epileptic drugs(AED) in the medical 
management of HFS in patients who cannot afford Botulinum toxin and are not suitable candidates for surgery. 
Background: Hemifacial spasm(HFS) is defined as unilateral, involuntary, irregular clonic or tonic movement of 
facial innervated muscles. Most of the cases are idiopathic or primary and treatment options are Botulinum toxin, 
decompressive surgery or medical management. However, Botulinum toxin is expensive and out of reach for many 
patients in the developing countries and in the absence of any definite vascular compression surgery is not advisable. 
Data and articles regarding medical management are scarce and various drugs have been tried for the same. 
Methods: We reviewed the clinical features and response to different drugs in 45 HFS patients over last one year 
evaluated at our Neurology Clinic who could not afford botulinum toxin or had refused surgery. 
Results: HFS was seen more in females (84%), the mean age of onset was 38  ± 12.2 years and the mean duration of 
symptoms was 5.6  ± 3.5 years. The left side was affected in 67% of the cases and no patient had bilateral HFS. 
Only 5 (11%) patients had history of prior bell's palsy. Vascular compression was evident in 8 (18% )of the patients. 
Carbamazepine, Oxcarbazepine, Clonazepam, and Lamotrigine were the drugs tried either alone or in combination. 
Carbamazepine alone (22%) or with clonazepam (33%) was the most common combination used followed by 
Oxcarbazepine with clonazepam (22%). The maximum tolerated dosage of Carbamazepine was 800 mg/day; the 
limiting side-effects being giddiness and sedation. 3 patients developed skin rashes with Carbamazepine which was 
not life-threatening. Lamotrigine was used in 5 patients without any side-effects. 8 patients (17%) reported 
significant improvement in their symptoms and 14 patients (31%)reported partial improvement. 
Conclusions: The most effective AED for HFS was Carbamazepine alone followed by Oxcarbazepine with 
clonazepam and Lamotrigine alone. Clonazepam and Oxcarbazepine alone were not beneficial and Lamotrigine was 
an alternative for patients not tolerating Carbazepine. Controlled trials are needed in a larger number to establish the 
findings of this study. 
References: 1. Abbruzzese G, Berardelli A, Defazio G. Hemifacial spasm. Handb Clin Neurol. 2011. 100:675-80. 
[Medline]. 2. Yaltho TC, Jankovic J. The many faces of hemifacial spasm: differential diagnosis of unilateral facial 
spasms. Mov Disord. 2011 Aug 1. 26(9):1582-92. [Medline]. 3. Elston JS. The management of blepharospasm and 
hemifacial spasm. J Neurol. 1992 Jan. 239(1):5-8. [Medline]. 

131 
Practice Patterns with Onabotulinum Toxin-A for Movement disorders: South Asian Neurologist Survey 
G. Kumar, P. Wadia, H. Kumar, P. K, S. Gupta, V. Goyal, A. Raza, A. Zuzek, A. Patel (Bengaluru, India) 
Objective: To understand physicians’ barriers in management of movement disorders (MD) with 
Onabotulinumtoxin-A (OnabotA). 
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Background: OnabotA effectiveness for treating MD is well known. However, from clinicians’ perspective there 
remain challenges in managing MD & meeting patient expectations. Present survey aims to identify practice patterns 
and MD management barriers prevailing in the experienced neurologist community. 
Methods: A cross-sectional, multi-center, observational survey on 178 neurologists with >1 year experience in 
treating MD with OnabotA was conducted with a 52-item questionnaire after receiving informed consent, pro-bono. 
Results: Survey was completed by 101 neurologists from different clinical settings [figure 1]. Table 1 highlights 
new/chronic MD patients treated with OnabotA by respondents in the past year. Overall 52.5% respondents had >6 
years of experience in using OnabotA for MD. Majority (67.3%) agreed OnabotA as the treatment of choice for 
cervical dystonia (CD) vs 12.9% who chose medication therapy as first line treatment. About 79.2% neurologists 
were moderately-to-highly satisfied with its impact in MD and ~80% reported a positive impact on patient’s quality 
of life. Despite clinical experience, distinguishing primary dystonia and compensatory secondary movements 
remains a challenge for many (65.3%). 
Regarding time to first OnabotA treatment following MD diagnosis, 37.6% stated patients received OnabotA after 1 
year of diagnosis [table 2]. Respondents were asked to choose from pre-defined dose-ranges, 47.5% & 58.4% 
neurologists used an average dose of 25-50U for blepharospasm (BFS) and hemifacial spasm (HFS) respectively, 
and 50.5% used 101-200U for CD [table 3]. Overall, 69.4% physicians await treatment effect to wear-off before re-
treatment with OnabotA. While 36% respondents reported <25% patient drop-off after first cycle of treatment, 51% 
neurologists reported >25% patients’ drop-off after first treatment [figure 2]. 
Conclusions: Our survey results suggest unmet needs of additional physician education to improve identification of 
primary dystonia and timely initiation of OnabotA therapy. Furthermore, results suggest that patient drop-off 
continues to be a problem, even for an experienced neurologist which should encourage efforts for evaluating and 
addressing the reasons for discontinuation (i.e. patient expectations/goal settings). 
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132 
Effects of Virtual Reality Exercise Program using the Sony PlayStation 2 gaming platform on Balance, 
Emotion and Quality of Life in Patients with Parkinson's Disease 
G.-H. Lee (Cheonan, Republic of Korea) 
Objective: This study was to investigate the effectiveness of a 12-week virtual reality(VR) exercise program 
designed around low-cost VR device, the Sony PlayStation 2 (PS2) gaming platform, in improving balance, emotion 
and quality of life among patients with Parkinson's disease (PD). 
Background: Many old patients live with physical functional limitations stemming from PD. These functional 
limitations can be reduced by task-specific training that is repetitive, motivating, and augmented with feedback. 
Virtual reality exercise treatments that provide feedback, increase practice with multiple repetitions, and motivate 
patients are reported to be effective in exercise therapy on these handicapped patients. 
Methods: Thirty participants with idiopathic PD were randomly assigned to a gaming group or normal activity 
control group. PS2 gaming systems provided participants with an interactive interface of real-time movement of 
either themselves or an avatar on the screen. Participants played games 50-60 minutes/day, 3 days/week, for 12 
weeks. The intervention was strictly game-play, in standing position, without physical therapy. The control group 
received no special intervention and continued with normal activity. Both groups were tested prior to, and following 
the completion of the study. The Berg Balance Scale(BBS) were used to assess balance abilities. Quantification of 
improvement was conducted utilizing static posturography and Sensory Organization Test (SOT) of Computerized 
Dynamic Posturography (CDP). Statistical significance was tested in between the patients before and after treatment 
by t-test, Wilcoxon signed rank test and Wilcoxon rank sum test. 
Results: After 36 training sessions, there were significant beneficial effects of the virtual reality game exercise on 
balance(BBS). The trained patients showed a significant improvement in the follow-up CDP (p<.05). On the other 
hand, no significant difference was observed within the control groups. 
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Conclusions: These findings demonstrated that the PS2 gaming program could improve the outcomes in terms of 
balance, depression and quality of life in patients with PD. A low-cost PS2 VR gaming system was easily used in 
the home. In the future it may be used to improve motion, balance and quality of life as an adjunct to standard care 
physical therapy. 
References: [1] Rand D, Kizony R, Weiss PT. The Sony PlayStation II EyeToy: low-cost virtual reality for use in 
rehabilitation. J Neurol Phys Ther. 2008 Dec;32(4):155-63. 

133 
Efficacy of opicapone in Parkinson’s disease patients according to baseline presence of dyskinesia: a post-hoc 
analysis from combined BIPARK-I and II 
A. Lees, J. Ferreira, A. Antonini, H. Reichmann, R. Costa, D. Magalhães, J. Rocha, P. Soares-da-Silva (London, 
United Kingdom) 
Objective: To evaluate the efficacy of opicapone (OPC) in levodopa-treated Parkinson’s Disease (PD) patients with 
or without baseline presence of dyskinesia (BPDys). 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1], [2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. Studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1], [2]. Key secondary endpoints included analysis of 
responders (>1 hour OFF-time reduction or >1 hour ON-time increase). A post-hoc analysis was performed to 
evaluate OPC-50mg and PLC efficacies in levodopa-treated PD patients according to BPDys (assessed by UPDRS 
question 32). 
Results: In total, 535 patients were randomized; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg 
(n=262)]. 47% (PLC) to 50% (OPC-50mg) of patients reported BPDys. Mean placebo-adjusted OFF-time reduction 
was -50.5min (p=0.0080) and -67.3min (p=0.0005) for OPC-50mg patients with and without BPDys. There was 
~65% more OFF-time reduction in PLC patients with BPDys than in those without. A higher-than-PLC proportion 
of OPC-50mg-receiving patients with BPDys achieved OFF- (67.9% vs. 50.8%; p<0.0060) and ON-time (65.6% vs. 
45.1%; p=0.0011) responders’ endpoint. Consistently, a higher-than-PLC proportion of OPC-50mg-receiving 
patients with absence of dyskinesia achieved OFF- (67.2% vs. 47.4%; p=0.0010) and ON-time (61.1% vs. 45.9%; 
p=0.0115) responders’ endpoint. 
Conclusions: Opicapone was effective regardless of baseline presence of dyskinesia. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

134 
Efficacy of opicapone in Parkinson’s disease patients according to baseline pramipexole use: a post-hoc 
analysis from combined BIPARK-I and II. 
A. Lees, J. Ferreira, O. Rascol, W. Poewe, F. Stocchi, A. Santos, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(London, United Kingdom) 
Objective: To evaluate opicapone’s (OPC) efficacy in levodopa-treated Parkinson’s Disease (PD) patients with or 
without concurrent pramipexole use (CPU). 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. Studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. This exploratory post-hoc analysis was performed to 
evaluate OPC-50mg and PLC efficacies in levodopa-treated PD patients with or without baseline CPU (the most 
commonly used dopamine agonist). 
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Results: In total, 535 patients were randomized; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg 
(n=262)]. About 37% of patients in each arm were using pramipexole at baseline. Mean placebo-adjusted OFF-time 
reductions were -89.0min (p=0.0001) and -39.8min (p=0.0165) for OPC-50mg patients with and without CPU. 
There was ~45% more OFF-time reduction in PLC patients without CPU than in those with, but ~20% less OFF-
time reduction in OPC-50mg patients without CPU than in those with. A higher-than-PLC proportion of OPC-
50mg-receiving patients with CPU achieved OFF- (72.9% vs. 40.4%; p<0.0001) and ON-time (68.8% vs. 42.6%; 
p=0.0003) responders’ endpoint. Consistently, a higher-than-PLC proportion of OPC-50mg-receiving patients 
without CPU achieved OFF- (64.5% vs. 54.0%; p=0.0551) and ON-time (60.2% vs. 47.2%; p=0.0169) responders’ 
endpoint. 
Conclusions: Opicapone was effective regardless of concurrent pramipexole use. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

135 
Efficacy of opicapone in Parkinson’s disease patients according to baseline rasagiline use: a post-hoc analysis 
from combined BIPARK-I and II 
A. Lees, J. Ferreira, O. Rascol, W. Poewe, E. Tolosa, H. Gama, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(London, United Kingdom) 
Objective: To evaluate opicapone’s (OPC) efficacy in levodopa-treated Parkinson’s Disease (PD) patients with or 
without concurrent rasagiline use (CRU). 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. Studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. This exploratory post-hoc analysis was performed to 
evaluate OPC-50mg and PLC efficacies in levodopa-treated PD patients with or without baseline CRU (the most 
commonly used MAO-B inhibitor). 
Results: In total, 535 patients were randomized; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg 
(n=262)]. 12 (PLC) to 15% (OPC-50mg) of patients were using rasagiline at baseline. Mean placebo-adjusted OFF-
time reductions were -81.1min (p=0.0469) and -54.2min (p=0.0002) for OPC-50mg patients with and without CRU. 
There was ~35% more OFF-time reduction in PLC patients without CRU than in those with, but ~9% less OFF-time 
reduction in OPC-50mg patients without CRU than in those with. A higher-than-PLC proportion of OPC-50mg-
receiving patients with CRU achieved OFF- (40.0% vs. 66.7%; p=0.0283) and ON-time (40.0% vs. 64.1%; 
p=0.0491) responders’ endpoint. Consistently, a higher-than-PLC proportion of OPC-50mg-receiving patients 
without CRU achieved OFF- (50.2% vs. 67.7%; p=0.0002) and ON-time (46.2% vs. 63.2%; p=0.0003) responders’ 
endpoint. 
Conclusions: Opicapone was effective regardless of concurrent rasagiline use. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

136 
Opicapone and levodopa-carbidopa intestinal gel infusion: a cost saving analysis in the United Kingdom 
V. Leta, D. van Wamelen, A. Sauerbier, S. Jones, A. Podlewska, D. Trivedi, M. Parry, P. Odin, A. Storch, Z. 
Pirtošek, A. Antonini, K. Ray Chaudhuri (London, United Kingdom) 
Objective: To investigate whether the use of Opicapone as an add-on therapy to levodopa-carbidopa intestinal gel 
(LCIG) infusion in advanced Parkinson’s disease (PD) reduces the LCIG daily dose and potentially the cost of this 
therapy. 
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Background: LCIG therapy is associated with high costs of care as described by NICE in the UK [1]. Currently, 
about 10% of PD patients on LCIG infusion require two cassettes per day [1]. The recently released Opicapone 
offers an unexplored and potentially powerful way of reducing LCIG daily dose increasing the efficacy of this 
therapy with attendant cost savings. 
Methods: In this observational report of clinical pathway at King’s College Hospital, London. Thus far 8 PD 
patients, who were treated with LCIG infusion and subsequent addition of Opicapone 50mg/day, have been 
included. Patients were assessed before and after Opicapone introduction and the following data were recorded: 
demographics, levodopa equivalent daily dose (LEDD), and Parkinson’s KinetiGraph (PKG) bradykinesia and 
dyskinesia scores. The primary outcome of this study was to assess the reduction of LCIG daily dose and the 
potential reduction of LCIG-associated costs after the introduction of Opicapone. 
Results: After the introduction of Opicapone the median LCIG daily dose was reduced from 1,471.0 to 1,062.5 mg 
(408.5 mg equating to 20.4 mL). This may lead to a gross cost saving of £15.73 (cost per mL £0.77) per day and 
£5,744.38 per year [2,3]. After subtracting the cost for Opicapone (£1143.23 per year [4]) this results in potential net 
savings of £4,601.15 on an annual base. There were no changes in the motor state of patients as assessed by PKG 
(bradykinesia score p= 0.89, dyskinesia score p=0.69; Wilcoxon Signed-rank test). 
Conclusions: The introduction of Opicapone to LCIG infusion resulted in a median 27.8% reduction of LCIG daily 
dose and a potential cost saving of £4,601.15 per annum per patient and clinically there was no worsening of 
dyskinesia.  Future use of this combination therapy could be considered from a both clinical and cost saving 
perspective. 
References: 1. Lowin J, Sail K, Baj R, Jalundhwala YJ, Marshall TS, Konwea H, Chaudhuri KR. The cost-
effectiveness of levodopa/carbidopa intestinal gel compared to standard care in advanced Parkinson's disease. J Med 
Econ. 2017 Nov;20(11):1207-1215. 2. www.mims.co.uk/drugs/central-nervous-system/parkinsons-disease-
parkinsonism/duodopa/ 3. Royal Pharmaceutical Society, Duodopa, in British National Formulary 65. 2013, BMJ 
and Pharmaceutical Press: London, p.315 4. www.nice.org.uk/advice/es9/chapter/estimated-impact-for-the-NHS. 

137 
Efficacy of Istradefylline, an A2A Receptor Antagonist, When Added to Levodopa (LD) and Other 
Medications for Parkinson’s Disease (PD) 
P. LeWitt, N. Hattori, A. Mori, K. Toyama, E. Ohta, P. Salzman, S. Isaacson (West Bloomfield, MI, USA) 
Objective: To evaluate the clinical effect of istradefylline as adjunctive treatment to LD in PD patients with or 
without additional PD medications (meds). 
Background: Istradefylline, a selective adenosine A<sub>2A</sub> receptor antagonist, acts in the indirect striatal 
outflow pathway. While monotherapy studies have not shown benefit, 20 and 40 mg/day doses were shown to 
decrease OFF-time when used adjunctively with LD in PD patients experiencing wearing-off. 
Methods: Istradefylline was evaluated in 12-wk double-blind, placebo-controlled randomized clinical studies. PD 
patients receiving LD and experiencing wearing-off received istradefylline or placebo. Other anti-PD meds could be 
continued at unchanged doses. Change from baseline in daily OFF-time was assessed using patient-completed 24-hr 
ON/OFF diaries. Adverse events (AEs) were recorded throughout the study. A pooled post-hoc analysis of 5 
independent clinical trials assessed the reduction in OFF-time with istradefylline vs placebo when patients were 
divided into 2 subgroups: those receiving only LD and those receiving LD+other anti-PD meds. Data from 20 or 40 
mg istradefylline dose groups were combined. Pooled analyses used a mixed-model repeated-measures approach. 
Results: Following randomization, baseline clinical and demographic characteristics were similar across treatment 
groups (placebo, 20 or 40 mg istradefylline). Between subgroups, patients receiving LD+anti-PD meds vs treatment 
with LD only had lower mean daily LD doses (766 and 579 mg, respectively) and longer mean durations since: PD 
diagnosis (7.4 and 8.9 yrs), starting LD (7.2 and 8.2 yrs), and onset of motor complications (2.8 and 3.8 yrs). 
Baseline OFF-time was similar across treatments and subgroups (~6 hrs/day). In both subgroups, OFF-time was 
reduced from baseline with istradefylline treatment, and was significantly greater than for patients receiving placebo 
(Table). Overall, istradefylline was well-tolerated; dyskinesia was the most frequent reported AE. [table1] 
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Conclusions: Istradefylline has unique pharmacologic properties distinct from other currently-approved meds for 
PD. This post-hoc analysis demonstrates that, as compared with placebo, istradefylline as an adjunct to LD and other 
anti-PD meds reduced OFF-time from baseline beyond the effects of concomitant meds for PD. 
 
Sponsor of studies: Kyowa Hakko Kirin Co., Ltd. 

 

138 
Use digital sensor and deep learning to evaluate motor performance in the D1PAM (LY3154207) phase 1B 
Parkinson's disease clinical trial 
Y. Li, Y. Guan, J. Wang, A. Calvin, J. Kyle, B. Miller (Indianapolis, IN, USA) 
Objective: This study aims to test the feasibility of using digital tools to evaluate motor performance in a 
Parkinson’s disease clinical trial. 
Background: Modern smartphones and wearable devices can implement multiple digital sensors, e.g. 
accelerometer, gyroscope and photoplethysmogram, that are able to collected behavioral and physiological signals 
relevant to disease symptoms, including motor impairments of Parkinson's disease (PD). It provides an 
unprecedented opportunity to develop digital biomarkers (DBM) using these wearable devices for frequent and 
objective diagnosing, monitoring disease progression and detecting treatment-associated effect in both clinical trials 
and real-world situations. 
Methods: A deep learning algorithm was developed for the Parkinson's disease digital biomarker DREAM 
challenge (PDDB challenge) with the aim to classify PD patients and non-PD subjects using digital sensor data 
collected during gait and balance test in the public mPower app. Lilly Trial App [1] collected similar digital sensor 
data from 24 PD patients in the D1PAM phase 1B clinical trial, which enabled us to apply the algorithm to Lilly 
data with minor modifications. Quantitative DBM scores were further derived from the algorithm, in order to test 
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whether the DBM scores correlate with motor performance measured by UPDRS and whether the scores can 
differentiate treatment group from placebo group. 
Results: The algorithm had highest classification accuracy among all the algorithms submitted in the PDDB 
challenge, and showed a very high true positive rate in Lilly clinical trial data. DBM scores derived from the 
algorithm were able to detect significant differences between treatment and placebo groups during intervention 
period, whereas the UPDRS failed to do so. The correlation between UPDRS scores and DBM scores were generally 
positive, but not statistically significant. 
Conclusions: Due to small sample size and lack of significant correlation with UPDRS, further evaluation is 
warranted to establish clinical relevancy of the treatment-associated DBM score changes. Nevertheless, this work 
demonstrated the potential of applying deep learning algorithm to digital sensor data as surrogate biomarker and 
paved a new way of developing objective and near real-time DBM for PD. 
References: [1] Jian et al. Treatment monitoring using objective and frequent digital testing in the D1PAM phase 
1B Parkinson's disease clinical trial, MDS Congress (2019) 

139 
Opicapone added to safinamide in patients affected by Parkinson's disease for better controlling motor 
fluctuations 
C. Liguori, M. Pierantozzi, R. Cerroni, N.B. Mercuri, A. Stefani (Rome, Italy) 
Objective: The aim of this clinical observation was to verify the sparing of levodopa in patients affected by 
Parkinson's disease who already started safinamide treatment for at least 1-year as add-on therapy to levodopa, and 
who were prescribed opicapone for treating the reappearance of motor fluctuations. 
Background: Safinamide is a monoaminoxidase B inhibitor approved as adjunctive treatment to levodopa for 
treating fluctuating motor symptoms in patients affected by Parkinson's disease (PD); more recently, opicapone has 
been approved as a Catechol-O-methyl transferase inhibitor for treating motor fluctuations in PD patients already 
treated by levodopa. Since both drugs have different effects and can be used for sparing levodopa in PD patients, it 
is important to evaluate in clinical practive the possible combination of these two drugs on motor symptoms. 
Methods: This is a clinical observation of a group of 12 patients affected by mild to moderate PD who started 
safinamide treatment for at least 1 year and who were prescribed opicapone for controlling the reappearance of 
motor fluctuations. We evaluated in all patients before starting opicapone and after 4 months of treatment the Hoen 
and Yahr stage (H&Y) and the Unified Parkinson's Disease Rating Scale (UPDRS) III and IV scores. 
Results: Twelve patients were included in this observation. The addiction of opicapone to safinamide improved 
H&Y stage (2.04±0.33 vs 1.92±0.19) and reduced the UPDRS III (20.58±2.02 vs 19.33±1.82) and IV scores 
(2.33±0.49 vs 0.91±0.66). We did not observe worsening of dyskinesia in all the patients evaluated, who reported at 
the follow-up visit the beneficial effect of opicapone added to safinamide mainteining stable levodopa doses. 
Conclusions: In this preliminary clinical observation, we documented the beneficial effects of the combination of 
opicapone and safinamide in patients affected by mild to moderate PD under levodopa treatment and complaining 
for early motor fluctuation. Further studies with more patients are needed to confirm this observation. 

140 
Risk Thresholds of Levodopa Dose for Dyskinesia in Chinese Patients with Parkinson’s Disease: A Pilot 
Study 
G.L. Liu, T. Feng (Beijing, China) 
Objective: The objective of this study was to investigate the thresholds of levodopa dose to reduce the risk for 
dyskinesia in a Chinese PD population. 
Background: Levodopa is widely used to treat Parkinson’s Disease (PD), and its long-term therapy may induce 
dyskinesia in a dose-dependent manner. However, the threshold dose with a relatively low risk for dyskinesia has 
not been determined. 
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Methods:  
Demographic, clinical profiles and detailed information of dopaminergic drugs were recorded for 403 Chinese PD 
patients in treatment with various doses of levodopa. Variables were compared between dyskinesia and non-
dyskinesia groups. Multivariate logistic regression analysis was used to assess the association between levodopa 
dose-related variables and dyskinesia. Receiver Operating Characteristic curve and Decision Tree Classification 
model were used to investigate the optimal levodopa dose to best separate the dyskinesia group from the non-
dyskinesia group. 
 
Results: Four hundred and three patients were investigated in our study, among whom 110 patients developed 
dyskinesia. The demographic and clinical characteristics of the non-dyskinesia and dyskinesia groups were listed in 
Table1. Patients with dyskinesia tended to have a lower weight and age at onset of PD, higher percentage of female 
and wearing-off, longer duration of disease and levodopa treatment, higher H-Y stage and UPDRS Part III scores, 
higher levodopa dose (daily levodopa dose, cumulative levodopa dose, daily levodopa dose adjusted to weight) and 
levodopa equivalent dose(LEED) of total dopaminergic drug than those without dyskinesia. After adjusted for 
demographical and clinical variables, levodopa dose factors were still associated with dyskinesia(Table2). To ensure 
that the proposed doses were clinically practical, an appropriate threshold dose for levodopa was determined based 
on the expert opinion of the authors and the overall performance of prediction(Table3). Finally, daily levodopa dose 
at 400mg/day and 6.3mg/kg/day, cumulative levodopa dose at 536g, daily LEED at 595 mg/day and 9.3 mg/kg/day, 
cumulative LEED at 592 g were proposed as the threshold doses for dyskinesia(Figure1). 
Conclusions: In our pilot study, we evaluated the threshold doses of levodopa treatment to reduce the risk for 
dyskinesia. These data should be considered for the clinical prevention and management of dyskinesia in patients 
with PD. 
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141 
Oligomeric Alpha-synuclein in Erythrocyte Membrane in Early Parkinson’s Disease 
G.L. Liu, C. Tian, T. Feng (Beijing, China) 
Objective: To determine whether α-synuclein concentrations in the cell membrane and cytoplasm of erythrocytes 
are altered in PD patients and to evaluate their potential role as early biomarkers for PD. 
Background: Early diagnosis of Parkinson’s disease(PD) could significantly improve outcomes for patients and 
future disease-modifying treatments. Several studies have revealed that α-synuclein levels in peripheral erythrocytes 
are associated with PD, but the diagnostic value in early PD is unknown. 
Methods: The membrane and cytoplasm were extracted from erythrocytes in 65 early PD ,41 early Multiple system 
atrophy(MSA) and 133 age-matched controls. Participants were re-examined during a two-year follow-up, in order 
to enhance the accuracy of clinical diagnosis(Flow chart in Figure1). The Electrochemiluminescence assay was used 
to measure total and oligomeric α-synuclein levels. 
Results: Demographic and clinical data of the study population were shown in Table1. Oligomeric a-synuclein 
levels in erythrocyte membrane were significantly increased in both early PD and early MSA groups compared with 
control group (PD vs. control, p<0.001; MSA vs. control, p=0.015), while no significant difference was found 
between early PD and early MSA groups(Figure2). The ROC curve indicated a sensitivity of 81.5% and a specificity 
of 60.2%, with an area under the curve of 0.74 for increased erythrocyte membrane a-synuclein oligomers in the 
differentiation between early PD and controls(Figure3). In contrast, no significant difference was found in 
erythrocyte cytoplasm α-synuclein levels among groups. 
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Conclusions: The present study suggest that erythrocyte α-synuclein could serve as a potential biomarker for early 
PD. Moreover, the specific elevation of oligomeric α-synuclein in erythrocyte membrane might help understand 
the role of α-synuclein in PD pathogenesis. 
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142 
Population Pharmacokinetics and Pharmacodynamics of Ampreloxetine (TD-9855) in Patients with 
Neurogenic Orthostatic Hypotension (nOH) 
A. Lo, J. Kanodia, R. Vickery, D. Bourdet (South San Francisco, CA, USA) 
Objective: To characterize the Phase 2 pharmacokinetics (PK) and pharmacodynamics (PD) of ampreloxetine in 
patients with nOH and provide dosing recommendations for special populations in Phase 3. 
Background: Ampreloxetine may prove beneficial for the treatment of primary autonomic failure by preventing 
norepinephrine (NE) reuptake and increasing blood pressure (BP) to provide relief from the symptomatic effects of 
nOH. 
Methods: A population PK model of ampreloxetine was developed using plasma concentration-time data from two 
Phase 1 studies in healthy volunteers (n=68) and three Phase 2 studies in ADHD (n=192), fibromyalgia (n=239) and 
nOH (n=31). The influence of sex, age, weight, creatinine clearance (CrCl), liver function and smoking status were 
tested as PK covariates. The relationship between ampreloxetine exposure and plasma biomarkers of norepinephrine 
reuptake (NE and its metabolite, DHPG) and supine systolic BP was evaluated. 
Results: Ampreloxetine PK was best described using a two-compartment model with slow elimination and a 
terminal half-life of 30-40hr. Patients with nOH had similar PK characteristics as those observed in healthy 
volunteers and other patient populations. PK was not affected by age, CrCl, liver function or food intake. Sex and 
smoking status were statistically significant covariates for ampreloxetine exposure with ~33% lower exposures in 
men vs. women and ~33% lower exposures in smokers vs. nonsmokers. Increased exposure to ampreloxetine 
resulted in decreased DHPG concentrations and increased ratios of NE to DHPG. No relationship was observed 
between drug exposure and supine hypertension. 
Conclusions: Phase 2 PK and PD properties of ampreloxetine are consistent with NE reuptake inhibition at tolerable 
dose levels in patients with nOH and support further evaluation in Phase 3. Ampreloxetine will be administered in 
Phase 3 studies without regard to food, age, or renal function [CrCL > 30 mL/min]. Even though sex and smoking 
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status influence ampreloxetine PK, the impact is modest and dose modifications are not recommended for Phase 3 
studies. Near maximal PD effects indicative of optimal NE transporter reuptake inhibition were observed at plasma 
concentrations associated with dose levels of 10 mg QD supporting selection of this dose for future studies. 

143 
Pharmacokinetics of Opicapone and Effect on COMT and Levodopa Pharmacokinetics in Patients with 
Parkinson’s Disease 
G. Loewen, P. LeWitt, C. Olanow, K. Kieburtz, G. Liang, R. Jimenez, K. Olson, E. Roberts (San Diego, CA, USA) 
Objective: To evaluate the pharmacokinetics and pharmacodynamics of opicapone in Parkinson’s disease (PD). 
Background: Opicapone, a highly selective COMT inhibitor, is approved in Europe and under development in the 
U.S. as an adjunct to levodopa in adults with PD and motor fluctuation. 
Methods: Patients with stable PD were administered once-daily opicapone (50 mg) in the evening on Days 1-14. 
Serial blood samples for determination of plasma opicapone concentrations and erythrocyte soluble COMT (S-
COMT) activity were collected after the first and last opicapone dose. Participants were randomized to receive 
carbidopa/levodopa (25/100 mg) every 3 or 4 hours (Q3H or Q4H) on pharmacokinetic sampling days, and their 
usual carbidopa/levodopa regimen on other days. Serial plasma samples for determination of levodopa and 3-O-
methyldopa concentrations were collected after the first three levodopa doses on Day 1 (prior to opicapone dosing), 
Day 2 and Day 15. The effect of opicapone on levodopa pharmacokinetics and S-COMT activity was assessed. 
Mean values (±standard deviations) are presented. 
Results: The study enrolled 16 participants (men=10, women=6). Day 14 opicapone Cmax and AUC0-last were 
459±252 ng/mL and 2022±783 ng/mL*hr, respectively. At steady-state (Day 14), COMT activity was inhibited on 
average by 76.3±5.4%, compared to baseline. After opicapone administration, total levodopa AUC (ng/mL*hr) 
increased from Day 1 (Q3H, 7339±2512; Q4H, 7570±2675) to Day 15 (Q3H, 11714±4429; Q4H, 13159±4528). 
Peak-to-trough fluctuation in levodopa concentrations for the third daily levodopa dose were reduced from 
88.3±40.3% and 173±51.9% for the Q3H and Q4H regimens on Day 1 to 58.1±23.0% and 94.3±25.9%, 
respectively, on Day 15. Trough levodopa concentrations for the third daily levodopa dose increased from 547±134 
and 227±80 ng/mL for the Q3H and Q4H regimens on Day 1 to 1142±532 and 749±354 ng/mL, respectively, on 
Day 15. 
Conclusions: Once-daily opicapone 50 mg resulted in substantial and prolonged COMT inhibition, which increased 
systemic exposure to levodopa and led to both decreased peak-to-trough fluctuations in levodopa concentrations and 
to higher trough levodopa concentrations. 

144 
Effect of Once-Daily Opicapone on the Pharmacokinetics of Repaglinide 
G. Loewen, G. Liang, R. Jimenez, K. Olson, E. Smith, H. Bozigian (San Diego, CA, USA) 
Objective: To evaluate the effect of once-daily administration of opicapone 50 mg on the pharmacokinetics (PK) of 
repaglinide. 
Background: Opicapone, a highly selective catechol-O-methyltransferase (COMT) inhibitor, is approved in Europe 
and under development in the U.S. as an adjunct to levodopa in adults with PD and motor fluctuations. In vitro 
studies suggested a potential for opicapone and its primary circulating inactive metabolite, BIA 9-1103, to inhibit 
cytochrome P450 (CYP) 2C8 metabolism and organic anion transporter (OAT) P1B1 transport.  Repaglinide is a 
substrate of both CYP2C8 and OATP1B1 [1]. 
Methods: Healthy men (N=9) and women (N=9) were enrolled in an open-label, single-sequence crossover study. 
Subjects received a single dose of 0.5 mg repaglinide on Days 1 and 15 and opicapone 50 mg once-daily on Days 2 
through 15. Doses were administered following an overnight fast of at least 8 hours. Blood samples for 
determination of opicapone plasma PK were collected at intervals up to 120 hours after the last dose of opicapone. 
Blood samples for determination of repaglinide plasma PK were collected at intervals up to 24 hours post-dose on 
Days 1 and 15. Plasma opicapone and repaglinide concentrations were determined using validated analytical 
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methods. PK parameters were determined using noncompartmental methods. The 90% confidence intervals (CI) 
about the geometric mean ratios of Cmax, AUClast, and AUCinf for repaglinide administered with opicapone (Test, 
T) versus repaglinide administered alone (Reference, R) were determined. 
Results: Of the 18 enrolled subjects, 17 were included in the PK analysis.  Opicapone and repaglinide were well-
tolerated. Mean plasma repaglinide concentration-time profiles were similar when administered alone or during a 
once-daily opicapone regimen. T/R ratios of repaglinide Cmax, AUClast, and AUCinf were 93% (90%CI: 82-
105%), 97% (90%CI: 90-105%), and 100% (90%CI: 93-108%), respectively. 
Conclusions: Once-daily administration with opicapone 50 mg did not affect the PK of repaglinide, a CYP2C8 and 
OATP1B1 substrate. Opicapone would also not be expected to affect the PK of other CYP2C8 or OATP1B1 
substrates. 
References: 1. Prandin US Prescribing Information, Feb 2017. 

145 
OPICAPONE: REAL WORLD EVIDENCE IN TOLEDO´S MOVEMENT DISORDERS UNIT 
N. López-Ariztegui, J.C. Segundo-Rodríguez, M.I. Morales-Casado, N. García-Alvarado, A. Avila-Fernández, J. 
Pérez-Matos (Toledo, Spain) 
Objective: We present a prospective observational-real life study about the use in Movement Disorders Unit´s 
patients, since its commercialization in Spain (June 2017). 
Background: The gold standard of pharmacological treatment in Parkinson disease is LD, but the progression of 
disease leads to the development of motor fluctuations. Opicapone is a new COMT-inhibitor used for motor 
fluctuations in PD 
Methods: We evaluate opicapone´s effects in 60 PD patients (26 women, 34 men, mean age 71.4 years), in 
combinated therapy with MAOI 51.7%, dopamine agonists 78.3%, Entacapone 15%, Amantadine 15%. Basal 
UPDRS-III 28.56. They presented motor complications: fluctuations 91.7%, morning-akinesia 67.2%, wearing-OFF 
66.1%, unpredictable-OFF 15.3% and dyskinesias 44.1%. Change was evaluated in UPDRS-III, presence/severity of 
fluctuations-dyskinesias through diaries, Global Clinical Scale-CGI and SNM at 6 months. 
Results: 48 patients completed the study (3 dropped out due to inefficiency and 9 due to adverse effects), observing 
a statistically significant decrease in fluctuations to 83%, morning akinesia 36.2%, wearing-OFF 31.9% and 
unpredictable-OFF 6.4%. UPDRS-III (mean 27.56) doesn´t vary significantly. Dyskinesias improve in 8 patients, 
appear in 3 and not vary in 11. The 8 patients who switch LD+Entacapone to LD+opicapone: 4 have dyskinesias, 3 
improve and in 1 disappeared. There are no changes in Non-Motor-Symptoms (apathy, cognitive deterioration, 
alucinations, TCI, depression). About 60% of patients report finding themselves better, 22.2% similar and 17.8% 
worse with the adition of opicapone. 
Conclusions: Opicapone is safe in terms of adverse effects, especially improving motor fluctuations and subjective 
perception of PD severity, despite we didn´t find a statistically significant improvement in UPDRS-III. The 
dyskinesias seem to improve/not to get worse in 93.8% of the patients with LD/CD and in 87.5% who were first 
treated with LD/Entacapone. 

146 
Safinamide: real world evidence in Toledo´s Movement Disorders Unit 
N. López-Ariztegui, M.I. Morales-Casado, J.C. Segundo-Rodríguez, A. Avila-Fernández, N. García-Alvarado, J. 
Pérez-Matos (Toledo, Spain) 
Objective: We present a prospective observational-real life study about the use of safinamide in Movement 
Disorders Unit´s patients. 
Background: The gold standard of pharmacological treatment in Parkinson disease (PD) is L-Dopa (LD) but the 
progression of disease leads to the development of fluctuations. Safinamida is a novel MAO B-I used for motor and 
non motor fluctuations in PD 
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Methods: We evaluate safinamide´s effects in 47 patients (43.5% women, mean age 67.57 years SD 12.2), in 
combinated therapy with dopamine agonists 78.3%, LD+benserazide 17.4%, LD+carbidopa 30.4%, LD+entacapone 
47.8%, advanced therapies 4.3%. 46.8% patients had treated with rasagiline previously. Basal UPDRS-III 25.19. 
They presented motor complications: morning-akinesia 59.1%, wearing-OFF 70.5%, unpredictable-OFF 16.3% and 
dyskinesias 65.9%. Change was evaluated in MDS UPDRS-III, presence/severity of fluctuations-dyskinesias 
through diaries, Global Clinical Scale-CGI and SNM at 6 months. 
Results: 45 patients completed the study at 6 months (1 dropped out due to inefficiency and 1 due to adverse 
effects), observing a statistically significant decrease in morning akinesia 43.2%, wearing-OFF 43.2% and MDS 
UPDRS-III scores. Unpredictable-OFF doesn´t vary significantly. Dyskinesias doesn´t vary significantly. In the 
group of 22 patients who switch rasagiline to safinamide, morning akinesia, wearing-OFF and MDS UPDRS-III 
improve statistically significant. Depression decrease, there are no changes significant in other Non-Motor-
Symptoms (apathy, cognitive deterioration, hallucinations, ICD). About 71.1% of patients report finding themselves 
better, 22.2% similar and 6.7% worse with the addition of safinamide. 
Conclusions: Safinamide is safe in terms of adverse effects, especially improving motor fluctuations, motor-
symptoms and subjective perception of PD severity, even in patients who switch rasagiline to safinamide. 
 
 

147 
Hemiballismus-hemichorea due to ischemic stroke 
A.M. Magnerou, P.E. Sounga Bandzouzi (Douala, Cameroon) 
Objective: Describe an unsual cause of movements disorders . 
Background: Hemiballismus-hemichorea is a rare and debilitating presentation of subcortical stroke. 
Methods: We describe a case a 70-year-old smoking, diabetic and hypertensive man. He presented to our 
emergency department following 72 hours history of involuntary left upper- and lower-limb movements. There was 
a history of transient stroke 3months ago. Our patient had no other clinical manifestations or family history to 
suggest Huntington's disease, no recent traumatic head injuries and was not on anti-seizure medications or any anti-
psychotic. His neurological examination was notable for left-sided periodic ballistic and choreiform movements, 
which improved during sleep. brain imaging showed multiple lacunar subcortical stroke. Blood investigations 
showed high blood sugar levels and high level of blood cholesterol. 
Results: Aspirin, Clopidogrel, Metformin and Atorvastatin were prescribed for the management of lacunar stroke. 
hemiballismus hemichorea movement reduced markedly within 2 weeks of starting the treatment and the patient was 
kept on regular home and outpatient follow up for further monitoring. 
Conclusions: We have presented this case as an uncommon complication of comorbid conditions; we need to 
investigate the etiology of movement disorders from other etiology of ischemic stroke subtypes which have a 
different treatment approach and outcome. 

148 
Quantitative study of subthalamic ERG potassium channels in parkinsonian discharges 
C. Mahapatra, R. Manchanda (Mumbai, India) 
Objective: This study describes the role of the subthalamic ERG Potassium (ERG K+) ion channel conductance in 
cellular excitability in subthalamic nucleus (STN) neurons towards Parkinson’s disease (PD). 
Background: It has been observed that deep brain stimulation (DBS) at the STN neuron site improves the PD as a 
new effective treatment method. The firing properties of STN neurons in terms of single-spike or the burst modes 
modulate pathophysiological conditions in PD. ERG Potassium channel play dominant role in regulating firing 
properties of STN neurons. 
Methods: Here the interpretation of ERG K+ ion channel is based on conventional Hodgkin-Huxley formalism. 
Then the ERG K+ ion channel model is incorporated into a published STN electrophysiological model in Gillies et 
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al., 2006. A brief square pulse of varied duration and magnitude is applied as an external stimulus current (Istim) to 
trigger action potential (AP) in the whole cell model. 
Results: Voltage clamp protocol is used to generate ERG K+ current for various test potentials and the results are 
validated against experimental data in Huang et al., 2017. The electrical activities are generated in the whole cell 
model by applying a brief square pulse of varying magnitude (0.1-0.6 nA) and duration (1-5ms). Then, we 
investigated the modulating effects of ERG K+ current by altering the maximum conductance. The opening of ERG 
K+ channel reduced the resting membrane potential from ─65 mV to ─70 mV before generation of the AP by the 
injected current in STN cell model. The repolarization phase of the AP is altered according to the ERG K+ ion 
channel activation time constant. The frequency of bursting discharge Again, the negative peak of the action 
potential hyperpolarization is more negative due to ERG K+ current. 
Conclusions: The opening of ERG K+ channel reduced the resting membrane potential from ─65 mV to ─70 mV 
before generation of the action potential by the injected current in STN cell model. Thus, the ERG K+ channel 
openers may constitute a part of new pharmacological target towards treatment of the PD. 
References: Gillies A, Willshaw D. Membrane channel interactions underlying rat subthalamic projection neuron 
rhythmic and bursting activity. Journal of neurophysiology. 2006 Apr 1;95(4):2352-65. Huang CS, Wang GH, Tai 
CH, Hu CC, Yang YC. Antiarrhythmics cure brain arrhythmia: The imperativeness of subthalamic ERG K+ 
channels in parkinsonian discharges. Science advances. 2017 May 1;3(5):e1602272. 

149 
Biphasic Dyskinesias in Parkinson’s disease Patients treated with Levodopa/Carbidopa Intestinal Gel: 
Insights from a Multicenter Retrospective Analysis 
M. Marano, T. Naranian, L. di Biase, A. Di Santo, R. Arca, G. Cossu, P. Marano, V. Di Lazzaro, A. Fasano (Rome, 
Italy) 
Objective: We aimed to characterize Parkinson's disease (PD) patients who developed the onset of new troublesome 
dyskinesias after Levodopa-Carbidopa Intestinal Gel (LCIG) initiation. We were particularly interested in patients 
who did not improve with conventional management strategies and presented atypical phenomenology, i.e. 
prolonged biphasic dyskinesias at pump discontinuation (atypical biphasic dyskinesias), isolated biphasic-like 
dyskinesias during infusion, and mixed-phenotypes (superimposition of peak-dose on biphasic-like dyskinesias). 
Background: The efficacy of LCIG on motor fluctuations of PD patients has been recognized in a randomized trial, 
while the effect on troublesome dyskinesias has been indirectly supported by post-hoc analysis and is currently 
debated. 
Methods: We performed a retrospective survey analysis of a large cohort of LCIG patients and a retrospective 
longitudinal case-control study on a sample of PD patients followed at three time points (before LCIG, end of 
titration, latest follow-up). Patients who developed troublesome dyskinesias after LCIG, resistant to the routine 
titration were selected and compared to patients on LCIG with conventional motor complications. 
Results: Thirty patients out of 208 (14.4%) reported biphasic-like continuous dyskinesias while on LCIG with/or 
without prolonged biphasic dyskinesias after pump disconnection at night. A subgroup of 8 patients (5.7%) 
presented peak-dose and biphasic-like dyskinesias (classified as ‘mixed phenotypes’). Groups were similar in terms 
of most demographic and clinical features but differed in type and severity of dyskinesias at baseline and follow-up. 
Daily course and clinical management of dyskinesias were also different. In particular, patients with biphasic-like 
dyskinesias get better with an increase in dopaminergic load in half the number of cases, while patients with mixed 
phenotype had the worst outcome and  highest drop-out rate (roughly 60% of these cases). 
Conclusions: Our results show that biphasic-like dyskinesias could complicate the course of PD patients on LCIG. 
A higher frequency of patients with biphasic-like and mixed dyskinesias had a previous history of biphasic 
dyskinesias while on oral therapy. This study further informs the selection process of advanced therapy, particularly 
in the case of LCIG use to treat dyskinesias. 
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150 
Path to Prevention (P2P) – Developing a Prodromal PD Progression Biomarker Program 
K. Marek, A. Siderowf, C. Coffey, T. Foroud, V. Arnedo, E. Flagg, S. Chowdhury, K. Kieburtz, L. Chahine, J. Seibyl 
(NEW HAVEN, CT, USA) 
Objective: The overall objective of the Path to Prevention (P2P) initiative is to identify clinical, imaging, and 
biologic markers of progression during the prodromal phase of Parkinson’s disease (PD) to inform early intervention 
clinical trials of disease-modifying therapies. 
Background: Recent understanding of both the early non-motor manifestations and the molecular genetics of PD 
have provided several specific strategies to identify individuals without typical PD motor symptoms, but at 
increased risk to develop PD. DAT imaging has been utilized to identify individuals with prodromal features of PD 
at high risk of conversion to motor Parkinsonism. 
Methods: P2P will evaluate study participants utilizing a staged risk assessment paradigm beginning with P2P 
Remote, utilizing Fox Insight (FI)  to identify participants at risk based on self-reported outcomes from online motor 
and non-motor questionnaires, or by known risk due to RBD or genetic mutation, followed by remote assessments of 
olfaction, genetic risk, and digital motor function.  Select participants would be eligible to enroll in P2P Clinic in 
which their risk would be further assessed with DAT imaging. Approximately 1200 participants with DAT deficit 
will be eligible to enroll in a longitudinal, comprehensive assessment of motor, non-motor, imaging, and biologic 
testing for 3-5 years to assess phenoconversion and biomarker progression. 
Results: P2P is expected to begin enrollment in 2019.  Data supporting the P2P initiative comes from FI, PPMI and 
the PARS study.  Approximately 31,000 (PD and non-PD) participants are enrolled in FI and the study program has 
effectively collected participant’s reported outcomes that allow identification of individuals without PD who endorse 
non-motor symptoms including constipation (~30%), dream enactment (~16%), and  reduced taste/smell (~8%). 
Data from PPMI and PARS suggests that among subjects identified with either  RBD or hyposmia,  who have DAT 
deficit, the risk of conversion to motor parkinsonism within 3 years is approximately 30%. 
Conclusions: It is feasible to develop a comprehensive prodromal PD initiative to identify participants at risk from 
the community using a staged remote, followed by in clinic, assessment paradigm.  This strategy has the potential to 
establish a framework for developing a prodromal PD cohort and to identify clinical and biomarker outcomes that 
could accelerate clinical trials of prodromal PD. 
 

151 
The Representativity of PSP patients included in clinical trials 
L.L. MARIANI, R. Guimarães-Costa, D. Grabli, B. Letoullec, F. Cormier, B. Degos, B. Dubois, M. Vidailhet, L. 
Lacomblez, J.C. Corvol (Paris, France) 
Objective: To determine the representativity of patients with PSP eligible to clinical trials compared to consecutive 
PSP patients seen in a reference center and the time window for eligibility. 
Background: Progressive supranuclear palsy (PSP) is a parkinsonian syndrome with no cure. Recently, the MDS 
published revised diagnosis criteria to provide early and reliable diagnosis of PSP and its variants. Two large 
randomized clinical trials were initiated in 2017. 
Methods: We conducted a single center retrospective study of PSP patients referred to a tertiary department of 
Neurology (Pitié-Salpêtrière Hospital, Paris) for clinical diagnosis and clinical trial inclusion, over a 12-month 
period. We assessed the relative proportions of different PSP subtypes, as defined by the MDS-PSP criteria, in the 
whole population compared to patients eligible in trials 
Results: 206 PSP patients were included, among which 175 (85%) were diagnosed with probable PSP-Richardson’s 
syndrome (RS) subtype, with a mean age of 73 and a mean disease duration of 5 years (See figure 1). Among those 
patients, 29 (21%) were eligible (age 71±10.7, disease duration 3.1±1.2 years) and 19 were included in trials, all 
with a diagnosis of probable PSP-RS. As compared to the whole population, patients included in clinical trials 
tended to be younger, and showed more PSP-RS subtypes (p<0.05) 
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Conclusions: The PSP population included in trials is very similar to the general PSP population, but younger, with 
shorter disease duration. By definition, only probable PSP subtypes are included in clinical trials. The time window 
for inclusion is short because of diagnosis delay, fast disease progression and old age of the population. 

 

 

152 
Fatal evolution of cutaneous necrosis in a patient treated with subcutaneous apomorphine infusions 
C. MARSE, J. BENOIT, F. ROCHER, C. GIORDANA (NICE, France) 
Objective: Report a case of extensive cutaneous necrosis due to apomorphine treatment with fatal outcome. 
Background: Subcutaneous (SC) apomorphine is used as a treatment of motor fluctuations in Parkinson’s disease 
(PD). However, severe cutaneous complications may restrain its use. 
Methods: Case report. 
Results: A 79 years old patient suffering from PD for the past 12 years with major motor fluctuations and 
dyskinesias, occurring in daytime as well as at night, was treated with SC apomorphine via pump. The treatment was 
efficient on the patient’s motor symptoms despite the emergence, after one year of treatment, of a number of minor 
and self-resolving cutaneous lesions in regard of the injection sites. 
Progressive skin deterioration of the limbs, trunk and abdomen appeared after 4 years of continuous SC infusions, 
requiring hospitalization. At the patient’s arrival in our unit, the doses of apomorphine administered were 9mg/h 
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from 8am to 8pm and 5mg/h from 8pm to 8am, with a total dose of 168mg/d. Apomorphine was Withdrawn and 
levodopa/benserazide therapy was progressively increased up to 2000mg/day, in addition to his usual treatment by 
pramipexole 2.1 mg (base). Deep cleaning of the wounds and mechanical debridement of the lesions were 
performed without improvement. The ulcerations gradually worsened, and his general status deteriorated, with a 
considerable increase of the amount of time spent in an “off” state. Lacking alternative treatment, palliative care and 
support were initiated with fatal outcome within 1 month. 
Conclusions: Nodules and indurations induced by SC apomorphine infusions are frequently described side effects 
whose pathophysiology still remains to be clearly elucidated . The occurrence of skin necrosis, a more serious but 
fortunately less common complication, should raise the question of pursuing or not the treatment. To our knowledge, 
this is the first case of progressive deterioration of a patient’s skin condition, with a particularly severe evolution 
which lead to fatal outcome. 

153 
Efficacy and safety of the 5-Hydroxytryptophan on Levodopa-Induced Motor Complications in Parkinson's 
disease. 
M. Meloni, M. Puligheddu, A. Cannas, M. Figorilli, G. Defazio, M. Carta (Cagliari, Italy) 
Objective: To evaluate the efficacy of the 5-Hydroxytryptophan (5-HTP) on levodopa-induced motor complications 
in patients with Parkinson's disease (PD). 
Background: Several studies have indicated that altered serotonergic neurotransmission may contribute to the 
motor features commonly associated with PD such as levodopa-induced dyskinesias (LIDs)[1]. 5-HTP is the 
immediate precursor of serotonin obtained through hydroxylation of L-tryptophan. We have recently demonstrated 
that 5-HTP produces significant antidyskinetic effect in the rat model of PD [2]. To date, there are no studies on the 
use of 5-HTP for treating levodopa-induced motor complications in PD patients. 
Methods: A single-center, randomized, double-blind placebo-controlled cross-over trial was performed; a total of 
12 patients were diagnosed with LIDs and motor fluctuactions and subsequently were randomized to intervention. 
Eleven subjects completed the 16-week protocol. Patients received placebo and 50 mg of 5-HTP daily in a cross-
over design over a period of 4 weeks. There were 4-weeks washouts between treatments. For the assessment of 
efficacy on the motor functions and levodopa-induced motor complications, the UPDRS (parts III and IV), Unified 
Dyskinesia Rating Scale (UDysRS), Wearing-Off Questionnaire (WOQ-19) and the self-reported 24-hour home 
dyskinesia diaries were respectively obtained at baseline, weeks 4, 8, 12 and 16 (T-end). 
Results: Repeated measures analysis revealed a significant improvement of LIDs during the 50 mg 5-HTP treatment 
compared to placebo as assessed by the UDysRS and UPDRS-IV scores. 
Conclusions: This study provides preliminary evidence of clinical benefit with 5-HTP for treating LIDs in PD. 
Larger studies with a longer treatment duration are needed to corroborate these early findings. 
References: [1] Politis M, Wu K, Loane C, Brooks DJ, Kiferle L, Turkheimer FE, Bain P, Molloy S, Piccini P. 
Serotonergic mechanisms responsible for levodopa-induced dyskinesias in Parkinson's disease patients. J Clin 
Invest. 2014 Mar;124(3):1340-9. [2] Tronci E, Lisci C, Stancampiano R, Fidalgo C, Collu M, Devoto P, Carta M. 5-
Hydroxy-tryptophan for the treatment of L-DOPA-induced dyskinesia in the rat Parkinson's disease model. 
Neurobiol Dis. 2013; 60: 108-114. 

154 
Efficacy and Safety of the 5-Hydroxytryptophan on REM Sleep Behavior Disorder in Parkinson's Disease. 
M. Meloni, M. Figorilli, M. Carta, L. Tamburrino, A. Cannas, M. Fantini, G. Defazio, M. Puligheddu (Cagliari, 
Italy) 
Objective: To evaluate the efficacy of the 5-HTP on RBD status in patients with Parkinson's disease (PD). 
Background: REM sleep behavior disorder (RBD) is reported in up to 50% of patients with PD. Serotonergic 
neurotransmission dysfunctions may have a pathological role in sleep disorders associated with PD[1]. The 5-
Hydroxytryptophan (5-HTP) is the intermediate metabolite of L-tryptophan in the production of serotonin. Studies 
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in other populations indicate that 5-HTP might be useful in the treatment of sleep disturbances[2]. To date, there 
have not been clinical trials on the use of 5-HTP for treating RBD in PD. 
Methods: A single-center, randomized, double-blind placebo-controlled cross-over trial was performed; 36 PD 
patients were subsequently enrolled into the study, 32 subjects completed the 16-week protocol. Patients received 
placebo and 50 mg of 5-HTP daily in a cross-over design over a period of 4 weeks. There were 4-weeks washouts 
between treatments. RBD diagnosis was made according to the International Classification of Sleep Disorders third 
edition (ICSD-3) including a full-night video-polysomnography (v-PSG). For the assessment of efficacy on the RBD 
status, home-based polysomnography was performed at weeks 4 and 12. In order to assess the RBD clinical status 
in-depth sleep, focus interview assessed patient's subjective report of frequency and severity of dream-enactment 
motor behaviors, somniloquy and dreams recalled. For the assessment of efficacy on the overall functional status the 
UPDRS score (parts I, II, III,IV) was obtained at every timepoint. Primary efficacy outcomes were the effect of 5-
HTP on the REM sleep without atonia (RSWA) measures and other polysomnographic sleep measures. 
Results: Treatment with 5-HTP produced an increase in total percentage of REM sleep stage, as well as a marginal, 
non-significant reduction in arousal index and wake after sleep onset (WASO). Moreover, self-reported RBD 
frequency and severity were not increased at follow up. There were no other significant effects of 5-HTP on 
nighttime sleep parameters evaluated in our study. 
Conclusions: This study provides preliminary evidence that 50 mg daily of 5-HTP is safe and effective in 
improving sleep stability in PD, contributing to ameliorate the global sleep quality. Larger studies with higher doses 
and longer treatment duration are needed to confirm these findings. 
References: [1] Wilson H, Giordano B, Turkheimer FE, Chaudhuri KR, Politis M. Serotonergic dysregulation is 
linked to sleep problems in Parkinson's disease. Neuroimage Clin. 2018 Mar 2;18:630-637. [2] Turner EH, Loftis 
JM, Blackwell AD. Serotonin a la carte: supplementation with the serotonin precursor 5-hydroxytryptophan. 
Pharmacol Ther. 2006 Mar;109(3):325-38. 

155 
Efficacy and safety of the 5-Hydroxytryptophan on Depression and Apathy in Idiopathic Parkinson's disease. 
M. Meloni, M. Puligheddu, M. Carta, M. Figorilli, G. Defazio (Cagliari, Italy) 
Objective: The purpose of this study was to compare the effects of 5-HTP to placebo on depression and apathy in 
patients with PD. 
Background: Parkinson’s disease (PD) is a chronic neurodegenerative disorder characterized by the motor 
symptoms of bradykinesia, tremor, rigidity and postural instability. However, non-motor symptoms such as 
depression and apathy are also frequent and play a significant role. Several studies have indicated that altered 
serotonergic neurotransmission may contribute to non-motor features commonly associated with PD such as apathy 
and depression.The 5-Hydroxytryptophan (5-HTP) is the intermediate metabolite of L-tryptophan in the production 
of serotonin. Studies in other populations indicate that 5-HTP might be useful in the treatment of depression. To 
date, there has been inconsistent research on the use of 5-HTP in PD. 
Methods: A single-center, randomized, double-blind, placebo-controlled, cross-over trial was employed; 25 subjects 
were subsequently enrolled into the study, 23 subjects completed the 16-week protocol. Patients received placebo 
and 50 mg of 5-HTP daily in a cross-over design over a period of 4 weeks. We decided for a washout period of 4 
weeks in order to minimize the carry-over effects. For the assessment of efficacy on the depression and apathy the 
Beck Depression Inventory II (BDI-II), the 21-item version of Hamilton Depression Rating Scale (HDRS21) and 
Apathy Scale (AS) were respectively obtained at screening, baseline and weeks 4, 8, 12 and 16 (T-end). 
Results: Repeated measures analysis revealed a significant improvement of depressive symptoms during the 50 mg 
5-HTP treatment compared to placebo as assessed by the HDRS21. There were no significant effects of 5-HTP 
compared to placebo on apathy symptoms as assessed by the AS. 
Conclusions: This study provides preliminary evidence of clinical benefit with 5-HTP for treating depressive 
symptoms in PD. Larger studies with a longer treatment duration are needed to corroborate these early findings. 
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Smartphone software for home monitoring of motor symptoms in Parkinson’s disease – The CloudUPDRS 
Smartphone Software in Parkinson’s (CUSSP) study 
E. Menozzi, A. Jha, R. Oyekan, S. Schreglmann, A. Latorre, E. Mulroy, G. Roussos, C. Stamate, I. Daskalopoulos, J. 
Rothwell, K. Bhatia (London, United Kingdom) 
Objective: To determine the validity of smartphone software for objective monitoring of motor symptoms in 
patients with Parkinson’s disease (PD). 
Background: Although the MDS-Unified Parkinson’s Disease Rating Scale (UPDRS) scale part III remains the 
most commonly used framework with which to assess motor impairment in Parkinson’s disease in clinical practice 
and research [1], it remains subjective and is usually performed infrequently due to the clinical effort required to 
complete it. Markedly confounded by the day-to-day motor fluctuations many patients face, unitary UPDRS scores 
poorly reflect individual patient symptoms and reduce power in interventional trials. A number of wearable, 
smartphone and sensor-based solutions have been proposed that allow patients to monitor symptoms either 
continuously or at high-frequency without the need for clinical input but the validity of these tools remains untested 
within well-designed prospective clinical trials. In this study, we validate CloudUPDRS smartphone measures [2] 
against clinical UPDRS assessment. 
Methods: The CloudUPDRS Smartphone Software in Parkinson’s (CUSSP) study is a pre-registered pilot multi-
site, randomised study. Inclusion criteria were: diagnosis of idiopathic Parkinson’s disease according to Brain Bank 
criteria, age over 18 years, and Montreal Cognitive Assessment score over 20/30. Sixty patients (females, n = 20) 
were included so far. Each patient underwent a video-recorded MDS-UPDRS part III clinical examination, and a 
simultaneous range of UPDRS-style smartphone-based assessments. Objective smartphone measures were used to 
predict the mean clinical UPDRS rating of 3 neurologists based on video assessment, blinded to the patient’s 
medication state. 
Results: Mean (+/- sd) age was 68 (± 9.5) years. Mean disease duration was 5 (± 4.7) years, with mean Hoehn and 
Yahr stage of 2. The primary outcome was the predictive accuracy of the smartphone score for the blinded MDS-
UPDRS rating score at baseline assessment. Comprehensive analyses are ongoing and will be presented. 
Conclusions: The current study is ongoing. We suggest that objective smartphone assessments may allow high-
frequency at-home assessment of motor symptoms in PD, and that such a granular picture may be empowering to 
patients and beneficial to their medical teams and clinical researchers alike. 
References: 1. Goetz CG, Tilley BC, Shaftman SR, et al. Movement Disorder Society-sponsored revision of the 
Unified Parkinson's Disease Rating Scale (MDS-UPDRS): scale presentation and clinimetric testing results. 
Movement disorders : official journal of the Movement Disorder Society 2008;23(15):2129-2170. 2. Kassavetis P, 
Saifee TA, Roussos G, et al. Developing a Tool for Remote Digital Assessment of Parkinson's Disease. Movement 
disorders clinical practice 2016;3(1):59-64. 

157 
GLYCOPAR - A randomized, placebo-controlled, 2-arm parallel-group superiority phase II study of 
glycopyrrolate for moderate-to-severe sialorrhea in Parkinson’s disease 
T. Mestre, E. Freitas, M. Lopez, A. Basndwah, L. de Oliveira, D. Al-Shorafat, Z. Alarfaz, H. Shinawi, S. Reddie, D. 
Mancini, J. Lui, D. Grimes, S. Fox (Ottawa, ON, Canada) 
Objective: To assess the 3-month efficacy and safety of glycopyrrolate for moderate-to-severe sialorrhea in 
Parkinson’s disease. 
Background: A systematic review reported that sialorrhea affects approximately 50% of patients with PD and 
concluded that drooling is a significant problem in about a quarter of PD patients. (1) Chronic moderate-to-severe 
sialorrhea leads to substantial social issues with a detrimental effect on quality of life. (2) In 2019, an MDS-
sponsored evidence-based review on commercially available therapies rated Botulinum toxin type A and B as 
'clinically useful' with an 'Acceptable risk with specialized monitoring'. Glycopyrrolate was considered 'efficacious' 
for a 1-week treatment only (3). There is no evidence for more prolonged treatments for sialorrhea in PD. 
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Methods: We conducted a phase II two-centre, double-blinded placebo-controlled, two-arm parallel-group 
superiority study, with block randomization and 1:1 allocation. Oral glycopyrrolate 1.5 mg TID (maximum dose) 
was compared to an equivalent dose of placebo for the reduction of sialorrhea related-disability (primary outcome 
measure - Radboud Oral Motor Inventory for Parkinson’s Disease/ROMP-saliva; range: 9 - 45 points) after 90 days 
of treatment, in patients with PD older than 30 and moderate-to-severe sialorrhea (MDS-UPDRS, item 2.2>2). We 
used an intention-to-treat analysis and an analysis of covariance (co-variate- baseline value of sialorrhea related-
disability) for the primary outcome. A P<0.05 was deemed significant. 
Results: We recruited 28 patients with PD (age: 71.1±6.9 years; disease duration: 11.4±7.2 years; ROMP-saliva: 
22.7±5.4 points). At 90 days, there was a treatment difference for sialorrhea related-disability in favour of 
glycopyrrolate (ROMP saliva: -5.3 (95% CI: -9.55, -1.04). Dry mouth was the most common side effect 
(glycopyrrolate, n=6 vs. placebo, n=2) followed by constipation (glycopyrrolate, n=5 vs. placebo, n=2). There were 
six early terminations (glycopyrrolate, n=5). 
Conclusions: The GLYCOPAR study supports the efficacy of glycopyrrolate to treat sialorrhea related-disability up 
to 3 months of treatment. These results inform the management of sialorrhea, a significant unmet nonmotor care 
need in PD. The identification of the dose associated with the best compromise between efficacy and safety is 
required. A phase III trial is warranted. 
References: 1. Kalf JG, de Swart BJ, Borm GF, Bloem BR, Munneke M. Prevalence and definition of drooling in 
Parkinson's disease: a systematic review. Journal of neurology. 2009;256(9):1391-6. 2. Hockstein NG, Samadi DS, 
Gendron K, Handler SD. Sialorrhea: a management challenge. Am Fam Physician. 2004;69(11):2628-34. 3. Seppi 
K, Ray Chaudhuri K, Coelho M, Fox SH, Katzenschlager R, Perez Lloret S, Weintraub D, Sampaio C; and the 
collaborators of the Parkinson's Disease Update on Non-Motor Symptoms Study Group on behalf of the Movement 
Disorders Society Evidence-Based Medicine Committee.Update on treatments for nonmotor symptoms of 
Parkinson's disease-an evidence-based medicine review. Mov Disord. 2019 Feb;34(2):180-198 

158 
Rivastigmine for visual hallucinations in Parkinson’s disease 
T. Mierlo, E. Foncke, R. Bie (Amsterdam, Netherlands) 
Objective: The aim of the study is to investigate whether early rivastigmine treatment of visual hallucinations in 
patients with Parkinson's disease delays the progression of minor visual hallucinations to Parkinson's disease 
psychosis. 
Background: The presence of visual hallucinations in Parkinson’s disease is an independent predictor for cognitive 
deterioration and nursing home placement. Cholinesterase inhibitors are recommended in Parkinson’s disease 
dementia but data on the effects in non-demented patients are lacking. 
Methods: We initiated a randomized, double blind, multicenter trial. We included patients with Parkinson’s disease 
that were 40 years or older and had minor visual hallucinations lasting at least four weeks. The most important 
exclusion criteria were Parkinson’s disease dementia, current delirium, or current treatment with antipsychotic drugs 
or drugs that could have significant anti-cholinergic effects. Subjects were randomized for rivastigmine capsule 6 
mg BID or placebo BID with a follow up of 24 months. The primary outcome measure was the time until subjects 
progress to Parkinson’s disease psychosis and was defined as the start with antipsychotics. The secondary outcomes 
were on motor control, use of levodopa, psychotic symptoms, cognitive function, mood, adverse events, and 
compliance. 
 
After four years of inclusion the trial was stopped prematurely, because of a slow inclusion rate. There were many 
dropouts. We show the results of the trial according to the original pre-planned statistical analysis plan. In addition, 
we conducted an unscheduled six months follow-up, to assess the effects of rivastigmine on the short term in a 
larger sample size. 
Results: A total of 91 patients were enrolled and randomised: 46 patients were assigned to rivastigmine and 45 
patients to placebo. 21 patients using rivastigmine and 18 patients using placebo completed the follow up of 24 
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months. The demographic and clinical characteristics of the two groups were similar at baseline. Because only few 
endpoints were reached in both groups, no effect on the progression of visual hallucinations to PD psychosis could 
be established.  Assessment of cognition, mood, motor performance and non-motor performance did not statistically 
differ in the rivastigmine group compared to placebo, at baseline and after 6 months of treatment. 
Conclusions: Since rivastigmine treatment is lacking short-term benefits, the use in non-demented PD patients is 
not recommended. 
References: 1. Shulman LM, Taback RL, Rabinstein AA, Weiner WJ. Non-recognition of depression and other 
non-motor symptoms in Parkinson’s disease. Parkinsonism Relat Disord. 2002 Jan;8(3):193–7. 2. Diederich NJ, 
Fénelon G, Stebbins G, Goetz CG. Hallucinations in Parkinson disease. Nat Rev Neurol. 2009 Jun;5(6):331–42. 3. 
Kempster PA, O’Sullivan SS, Holton JL, Revesz T, Lees AJ. Relationships between age and late progression of 
Parkinson’s disease: a clinico-pathological study. Brain J Neurol. 2010 Jun;133(Pt 6):1755–62. 4. Goetz CG, Fan W, 
Leurgans S, Bernard B, Stebbins GT. The malignant course of “benign hallucinations” in Parkinson disease. Arch 
Neurol. 2006 May;63(5):713–6. 5. Goetz CG, Fan W, Leurgans S. Antipsychotic medication treatment for mild 
hallucinations in Parkinson’s disease: Positive impact on long-term worsening. Mov Disord Off J Mov Disord Soc. 
2008 Aug 15;23(11):1541–5. 6. Wang PS, Schneeweiss S, Avorn J, Fischer MA, Mogun H, Solomon DH, et al. 
Risk of death in elderly users of conventional vs. atypical antipsychotic medications. N Engl J Med. 2005 Dec 
1;353(22):2335–41. 7. Low-dose clozapine for the treatment of drug-induced psychosis in Parkinson’s disease. The 
Parkinson Study Group. N Engl J Med. 1999 Mar 11;340(10):757–63. 8. Emre M, Aarsland D, Albanese A, Byrne 
EJ, Deuschl G, De Deyn PP, et al. Rivastigmine for dementia associated with Parkinson’s disease. N Engl J Med. 
2004 Dec 9;351(24):2509–18. 9. Burn D, Emre M, McKeith I, De Deyn PP, Aarsland D, Hsu C, et al. Effects of 
rivastigmine in patients with and without visual hallucinations in dementia associated with Parkinson’s disease. Mov 
Disord Off J Mov Disord Soc. 2006 Nov;21(11):1899–907. 10. Van Laar T, De Deyn PP, Aarsland D, Barone P, 
Galvin JE. Effects of cholinesterase inhibitors in Parkinson’s disease dementia: a review of clinical data. CNS 
Neurosci Ther. 2011 Oct;17(5):428–41. 11. Bloem BR, Van Laar T, Keus SHJ, De Beer H, Poot E, Buskens E, 
Aarden W, Munneke M, namens de Centrale Werkgroep Multidisciplinaire richtlijn Parkinson 2006-2010. 
Multidisciplinaire richtlijn Ziekte van Parkinson. Van Zuiden Communications 2010; 2010. 12. Verschuur CVM, 
Suwijn SR, Boel JA, Post B, Bloem BR, van Hilten JJ, et al. Randomized Delayed-Start Trial of Levodopa in 
Parkinson’s Disease. N Engl J Med. 2019 24;380(4):315–24. 13. Mamikonyan E, Xie SX, Melvin E, Weintraub D. 
Rivastigmine for mild cognitive impairment in Parkinson disease: a placebo-controlled study. Mov Disord Off J 
Mov Disord Soc. 2015 Jun;30(7):912–8. 14. Fernandez HH, Aarsland D, Fénelon G, Friedman JH, Marsh L, Tröster 
AI, et al. Scales to assess psychosis in Parkinson’s disease: Critique and recommendations. Mov Disord Off J Mov 
Disord Soc. 2008 Mar 15;23(4):484–500. 15. Chou KL, Amick MM, Brandt J, Camicioli R, Frei K, Gitelman D, et 
al. A recommended scale for cognitive screening in clinical trials of Parkinson’s disease. Mov Disord Off J Mov 
Disord Soc. 2010 Nov 15;25(15):2501–7. 16. Pagonabarraga J, Kulisevsky J, Llebaria G, García-Sánchez C, 
Pascual-Sedano B, Gironell A. Parkinson’s disease-cognitive rating scale: a new cognitive scale specific for 
Parkinson’s disease. Mov Disord Off J Mov Disord Soc. 2008 May 15;23(7):998–1005. 17. Fénelon G, Mahieux F, 
Huon R, Ziégler M. Hallucinations in Parkinson’s disease: prevalence, phenomenology and risk factors. Brain J 
Neurol. 2000 Apr;123 ( Pt 4):733–45. 

159 
Continuous circadian intracerebroventricular administration of anaerobic dopamine: A new therapeutic 
concept for Parkinson’s disease? 
C. moreau, C. laloux, C. lachaud, E. pioli, Q. li, P. pascal, L. defebvre, R. bordet, E. Bezard, M. Fisichella, D. 
Devos (Lille, France) 
Objective: We aim to overcome these challenges by demonstrating that continuous i.c.v. of Anaerobic-dopamine 
(A-dopamine,Patent #WO2015173258 A1) close to the striatum is a feasible and highly efficient treatment in 3 
models of PD: acute MPTP intoxicated mice, unilateral 6-OHDA lesioning rats and chronic MPTP-intoxicated non-
human primates (NHPs). 
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Background: Dopamine depletion of the nigro-striatal pathway is the main pathological hallmark of Parkinson’s 
disease (PD), which would require a continuous circadian and focal restoration of the striatal level of 
dopamine.  Continuous intracerebroventricular administration (i.c.v.) of dopamine previously failed due to 
dopamine oxidation and tachyphylaxia. 
Methods: Protocols were approved by an Ethical Committee to induce MPTP neurotoxicity on 5 months old 
C57Bl/6 J mice or 6-OHDA neurotoxicity in 5 month old Wistar rats. Experimental procedures  have been 
previously described (Laloux et al., 2017).   Behavioral assessment plus Nigro-striatal tyrosine hydroxylase staining 
and analysis and striatum analysis by HPLC were realized in mice and rats. Eight MPTP intoxicated  non-human 
primate models (NHPs) received chronic A-dopamine treatment after surgical pump implantation under stereotaxic 
surgery. 
Results: Seven days continuous i.c.v of A-dopamine restored motor function in MPTP treated mice and induced a 
dose dependent neuroprotection of the nigro-striatal dopaminergic neurons that was not evident with either i.c.v. of 
aerobic dopamine (O-dopamine) or peripheral administration of L-dopa. In the unilateral 6-OHDA-lesioned rat 
model, continuous circadian i.c.v of A-dopamine over 30 days improved motor activity without occurrence of 
dyskinesia or tachyphylaxia. Continuous circadian icv of A-dopamine improved the MPTP treated NHPs on the 
motor segmental symptoms (i.e. reaching task) by about 40 %. The effect was delayed and long lasting without 
tachyphylaxia over 60 days but requiring slow titration. Importantly, no dyskinesia was triggered even with very 
high doses. A 3-fold increase of the minimum efficient dose remained well tolerated, conferring a large therapeutic 
index. 
Conclusions: Continuous circadian i.c.v. administration of A-dopamine has a greater efficiency on mediating motor 
handicap within a large therapeutic index without inducing dyskinesia and tachyphylaxia. 
References: Laloux, C., Petrault, M., Lecointe, C., Devos, D., Bordet, R., 2012. Differential susceptibility to the 
PPAR-γ agonist pioglitazone in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine and 6-hydroxydopamine rodent 
models of Parkinson's disease. Pharmacol. Res. 65, 514–522. Laloux, F Gouel, C Lachaud, K Timmerman , B Do 
Van, et al. 2017. Continuous cerebroventricular administration of dopamine: A new treatment for severe dyskinesia 
in Parkinson's disease? Neurobiol of Disease 2017 Jul;103:24-31. 

160 
Evaluation of swallowing function by video-fluorography in patients with parkinsonism 
S. Nogawa, Y. Chin, H. Kanke, R. Kawamura, T. Nakayama, K. Tokuoka, T. Furukawa (Tokyo, Japan) 
Objective: The purpose of the present study is to investigate characteristic patterns of swallowing problems in each 
clinical entity of parkinsonism including Parkinson’s disease (PD) by means of the video-fluorography (VF) study. 
Background: Dysphagia is a common complication of the later stages of PD. Once prominent swallowing problems 
manifest themselves in a patient with PD, he cannot intake not only nutrition but also antiparkinsonian drugs which 
could potentially ameliorate his swallowing function itself. Swallowing consists of 4 steps; the cognitive phase, the 
oral phase, the pharyngeal phase, and the esophageal phase. However, it has not been fully clarified which 
swallowing steps are impaired in each category of parkinsonism. We, therefore, tried to elucidate characteristics of 
dysphagia in patients with PD and other diseases. 
Methods: Sixteen patients (7 males and 9 females) who were admitted to our hospital (from Jan. 2016 to Jan. 2019) 
were studied. The subjects included PD (n=9), dementia with Lewy body (DLB, n=4), 2 progressive supra-nuclear 
palsy (PSP, n=2), and multisystem atrophy (MSA-P, n=1). Mean modified Hoehn and Yahr scale of these PD 
patients was 4.1+0.8, and their mean levodopa dose was 767+209 mg. Before the VF study, we made the 
neurological examination and a screening test for dysphagia with the modified mater swallowing test (MWST) using 
3 mL of cold water. Then, we performed VF using fluorescent contrast medium, and checked residual medium in the 
epiglottis valley and the piriform recesses. 
Results: Among 9 PD patients, swallowing problems were found in the pharyngeal phase (89%), the oral phase 
(44%), the cognitive phase (22%), and the esophageal phase (11%). In these PD patients, residual medium was 
frequently detected in the epiglottis valley (89%) and in the piriform recesses (75%). On the other hand, in the 
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patients with DLB, problems were detected mainly in the cognitive phase (75%) and in the oral phase (50%). Both 
patients with PSP had problems in the cognitive phase, because their vertical gaze movements of the eyes were 
disturbed. 
Conclusions: In the PD patients, swallowing problems were detected in all phases, especially in the pharyngeal 
phase, while significant problems in the cognitive phase were observed in the DLB patients or in the PSP. These 
data suggested that useful strategies for dysphagia could be varied in each entity of parkinsonism. 

161 
Impact of repeated oral administration of Opicapone on the plasma pharmacokinetics of levodopa 
M. Nomoto, A. Takeda, K. Iwai, A. Nishimura, N. Hattori (Ehime, Japan) 
Objective: To examine the inhibitory effect of COMT on the plasma pharmacokinetics of levodopa resulting from 
repeated, once daily, oral administration of an Opicapone (OPC) tablet. 
Background: OPC is a peripheral, long-acting COMT inhibitor. OPC inhibits the metabolic pathway by which 
peripheral COMT mediates the metabolization of levodopa into 3-OMD, which increases the plasma concentration 
of levodopa. The capsule form of OPC has previously been approved by the European Commission for adjuvant 
treatment to levodopa preparations of Parkinson’s disease and end-of-dose motor fluctuations. 
Methods: OPC tablets were orally administered at doses of 5, 10, 25, or 50 mg once daily at bedtime under a fasted 
condition for 11 days to 80 healthy Japanese adult males (20 in each group). In addition, levodopa/carbidopa 
(100/10 mg) were orally administered three times a day under a fasted condition before the first dose of OPC on day 
1 and day 12 (the following day after the last dose of OPC tablets) in an open-label, 3-period crossover design. 
Results: The geometric mean ratios of the AUC24h of levodopa in the plasma (90% CIs) between post- and pre-
administration in the groups that received 5, 10, 25, and 50 mg of OPC were 1.16 (1.10 to 1.21), 1.26 (1.23 to 1.30), 
1.51 (1.44 to 1.57), and 1.60 (1.54 to 1.66), respectively. Thus, the use of OPC concomitantly with 
levodopa/carbidopa leads to an increase in plasma exposure to levodopa. Adverse events including nausea, 
vomiting, and dizziness were reported in 2 or more subjects. Since nausea, vomiting, and dizziness are all known 
adverse reactions to levodopa, the increased frequencies of these adverse events could be attributable to an increased 
levodopa exposure following administration of OPC. 
Conclusions: When OPC tablets were repeatedly administered via the oral route to healthy Japanese adult males, 
OPC exerted a long-lasting inhibitory effect on soluble cytoplasmatic COMT activity. In addition, as the dose of 
OPC increased after the administration of OPC, the plasma exposure to levodopa was higher than that before OPC 
administration. No major safety issues were noted, and the safety of OPC tablets in the dosage regimen was 
clinically acceptable. 

162 
Exploring the experience and challenges for PD STAT clinical trial participants: a qualitative study 
T. North, J. Grose, V. Eyre, D. Webb, R. Chapman, A. Foggo, M. Webber, C. Carroll (Plymouth, United Kingdom) 
Objective: This study aims to identify the reasons why people living with Parkinson’s disease (PD) (PwP) became 
involved with the PD STAT randomised controlled trial and to evaluate their trial experience and that of their carers. 
The purpose is to understand areas of challenge and where the trial enhanced the participants’ lived experience. The 
overall objective is to inform recommendations for enhanced study design and encourage future participation in 
Parkinson’s disease research. 
Background: PD STAT is part of the Cure Parkinson’s Trust (CPT) Linked Clinical Trial Initiative (LCTI). The 
purpose of PD STAT is to determine whether simvastatin has neuroprotective potential in PD. The CPT, a trial co-
funder, is keen to facilitate better engagement of PwP with research opportunities and improved trial experiences for 
PwP. We therefore incorporated a sub-study into PD STAT, exploring the experience of PwP and their carers at the 
initiation, during and following completion of the trial, including those who had to withdraw as well as those who 
were found to be ineligible. 
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Methods: Ten participants were recruited from each of 4 groups: PwP participating in PD STAT; carers of trial 
participants; participants who withdrew from the trial; and PwP who were found to be ineligible. Semi structured 
interviews were used to gather data from the PwP, soon after their month 1 PD STAT visit. The interviews were all 
digitally recorded and transcribed verbatim. The transcripts are being analysed for themes using a framework 
analysis. These study participants were also invited to attend a focus group conducted at the mid point of the trial 
(month 12) and they were interviewed again at the end of their participation in the study.  A separate focus group 
was held for carers  (September 2018). PwP who had Withdrawn or who were found to be ineligible were 
interviewed as soon as possible from their leaving the study. 
Results: All of the interviews and focus groups have been completed, and analysis is ongoing. The results will 
describe the participants’ understanding of, as well as motivations and challenges in being involved with PD STAT, 
in the context of their living with Parkinson’s. 
Conclusions: The results of the study will inform improvements in trial design to improve research engagement and 
trial experience for PwP. 

163 
Open-Label Study of Pimavanserin Patients With Comorbid Parkinson’s Disease and Depression 
J. Norton, D. Fredericks, G. Alva, J. Aldred, B. Coate, D. DeKarske, M. Cantillon, R. Owen (San Deigo, CA, USA) 
Objective: We are assessing use of pimavanserin (PIM) for treatment of depression in adults with PD. 
Background: Depression occurs in ~50% of Parkinson’s disease (PD) patients, increases in severity and duration as 
the disease progresses, and is associated with increased morbidity. Improvement of depression in PD patients is 
correlated with reduced physical disability and improved quality of life. 
Methods: A Phase-2, 8-week, open-label, single-arm study is being conducted to evaluate the safety and efficacy of 
PIM as an adjunct to SSRI/SNRI or as monotherapy in adults with both PD and symptoms of depression (baseline 
Hamilton Depression Scale [17-items] total score [HAMD-17] ≥15). The primary endpoint of the study is change 
from Baseline to Week 8 in the HAMD-17. Secondary measures included the Clinical Global Impression (CGI) 
scales (improvement and severity) and Scales of Outcomes in PD-Sleep (SCOPA). 
Results: Interim results based on the first 34 patients have been evaluated. 55.9% of patients are male and average 
age is 68.1 years, with 16 patients on adjunctive therapy and 15 on monotherapy. At baseline, patients had a 
mean(SE) HAMD-17 of 19.8(0.6). Change from Baseline to Week 8 (least squares mean [LSM] [SE]) in the 
HAMD-17 was -10.7(1.0) (95% CI;-12.7,-8.7; p<0.001), with significant improvement seen as early as Week 2 (-
8.4[1.0]; 95% CI;-10.5,-6.4; p<0.001). Significant improvement was seen in both treatment therapy categories. 
45.2% of patients had ≥50% improvement in the HAMD-17 at Week 8, with 35.5% of patients reaching remission 
(HAMD-17 ≤7). 54.8% of patients had a score of 1 or 2 (very much improved or much improved) based on CGI-I. 
Significant improvement was seen in change from Baseline to Week 8 SCOPA-Global Sleep Quality, -Nighttime 
Sleep, and -Daytime Sleepiness: -1.0(0.4) (95% CI;-1.7,-0.3; p=0.010), -2.1(0.7) (95% CI;-3.6,-0.6; p=0.008), -
2.1(0.4) (95% CI;-3.0,-1.2; p<0.001) respectively. Safety results were consistent with prior studies, with 13 patients 
reporting adverse events the most common being falls, UTI, diarrhea, and nausea. 
Conclusions: Pimavanserin as adjunctive or monotherapy is associated with early sustained improvement of 
depressive symptoms in patients with PD and is well tolerated. These results are consistent with recently reported 
data of PIM in major depressive disorder. Additional placebo-controlled data is needed to further determine 
effectiveness. 

164 
IncobotulinumtoxinA is effective, long lasting and well tolerated treatment of hemifacial spasm 
S. Ochudlo, A. Krzak-Kubica, J. Gawryluk (Katowice, Poland) 
Objective: Hemifacial spasm (HFS) is a common movement disorder characterized by involuntary contractions of 
the muscles innervated by facial nerve. 
Background: To evaluate the effect and safety of incobotulinumtoxinA (INCO) in the treatment of HFS 
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Methods: A retrospective analysis of patients treated in Neurology Outpatient Clinic from 2015 to 2018 was carried 
out. Clinical Global Impression scale (CGI), and percent of improvement were used for access clinical 
improvement. The quality of life was measured with self rating scale (HFS-7). 
Results: A total of 540 INCO injections were administered to 45 HFS patients. 
The mean initial dose was 28.5 units, the mean dose for subsequent injections was 57.2 units. Patients were 
evaluated at 4 weeks after injection, and in intervals of 12 weeks after each application. 
Mean duration of improvement following each injection sessions was 14.3 weeks, mean latency to detection 
improvement was 5.7 days, the mean success rate was 74.7 %. The QoL improvement was statistically significant. 
Adverse effects, which were mostly minor, were observed in 18 % of the patients at least once during follow-up. 
The most frequent was ptosis 8,4%, and subcutaneous haematoma 3.5%. 
Conclusions: Treatment of HFS with INCO was effective, sustainable and safe, improve QoL, and had minimal, 
well tolerated side effects. 

165 
Opicapone improves motor and non-motor wearing off symptoms in Parkinson’s disease: an observational 
real-world study 
C. Oehlwein, K. Mittmann, D. Sarkisjan, J. Baron, M. Oehlwein, K. Witt 
Objective: To assess the impact of opicapone - a third generation COMT Inhibitor - on motor and non-motor 
wearing off symptoms in patients suffering from Parkinson’s disease (PD) in a monocentric observational study. 
Background: PD patients in an advandes stage often suffer from fluctuations. Opicapone has been shown to reduce 
daily OFF time in PD patients. Here, we evaluated the impact of opicapone on the severity of motor and non-motor 
off symptoms in PD patients. 
Methods: 57 patients (23 female, mean age of 67.9 years, SD ± 8.7 years, 11.5 years disease duration, ± SD 6.8 
years), were assessed at baseline and 3 months after administration of opicapone. Twenty patients (11 female, mean 
age of 65.6 years, SD ±9.7 years, disease duration of 10.6 years, SD ± 6.5 years) were reevaluated after 12 months. 
The primary outcome measure was the Wearing Off Questionnaire 9 (WOQ-9) score, ranging from 0 to 9 points, 
with higher scores indicating more severe wearing off symptoms. The WOQ-9 was also analyzed according motor 
(sub-score 0 - 4) and non-motor components (sub-score 0 - 5). 
Results: 3 months after administration of opicapone, WOQ-9 significantly decreased from 5.54 [median 6] to 3.70 
[median 2] points (p < .05). 43 patients (75.4%) improved, 12 patients showed no change and 2 patients had a 
worsened WOQ-9 score. Both sub-scores significantly improved (both p < 0.05; motor sub-score from 3.39 [median 
3] to 2.63 [median 3] points, non-motor sub-score from 2.16 [median 2] to 1.07 [median 1] points). In the motor 
sub-analysis, the scores for 30 patients improved, were unchanged for 26 patients and worsened for 1 patient. In the 
non-motor sub- analysis, the scores for 37 patients improved, 17 remained stable and 3 worsened. One year after the 
introduction of opicapone, patients showed a sustained improvement of the WOQ-9 score (baseline 5.2 [median 5], 
3 months 3.8 [median 4] points and 12 months 3.8 [median 4] points). The results could not be explained by 
adjustment of levodopa dosage or changes in any other Parkinson medication (p > .05). 
Conclusions: These real-world data show a significant improvement in the WOQ-9 score after the introduction of 
opicapone in patients suffering from PD. Opicapone improved both motor as well as non-motor symptoms. The 
beneficial effect of opicapone on the severity of wearing off symptoms was sustained throughout the entire 
observation period of 12 months. 

166 
A pilot study of the feasibility and effects of table tennis training in Parkinson’s Disease 
K. Olsson, A. Johansson, E. Franzén (Stockholm, Sweden) 
Objective: To investigate the feasibility and effects of table tennis training on balance control and physical function 
in individuals with Parkinson’s disease (PD). 
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Background: Postural instability has a negative impact on physical activity and quality of life and responds poorly 
to PD medication. Different exercise and balance training programs have been found to be significantly effective. 
Training that is enjoyable, motivating and easily accessible have higher adherence. Table tennis is a popular sport 
worldwide with high demands on balance. No scientific publication to date has addressed the effects of table tennis 
in individuals with PD. 
Methods: Individuals, with mild to moderate idiopathic PD, were recruited to a 10 weeks group training program 
consisting of table tennis training 2 times per week (120 minutes/session). Primary outcome was the Mini Balance 
Evaluation Systems Test (Mini-BESTest). Secondary outcomes were: UPDRS, PDQ-8, EQ5D-5L, MADRS, 10 
Meter Walk Test, Swedish version Walk-12, ABC Scale and physical activity measured with accelerometer and 
Frändin-Grimby scale. 
Results: 8 participants completed the study (mean age 66.6 years, 50% women). The average attendance rate was 
84%. No adverse events were reported. The participants’ mean total score on the Mini-BESTest before and after 
intervention was 21.2 vs. 23.3 (p=0.093). Positive trend was seen for MADRS and PDQ-8. The participants reported 
the training to be fun and improve well-being. 
Conclusions: Our pilot study indicates that table tennis training is safe, feasible and has potential to improve 
balance control and physical function in individuals with PD. 

168 
Multi-kinase Abelson (c-Abl) and Discoidin Domain Receptors (DDR1/2) inhibitors, Nilotinib, alters CSF 
soluble TREM2 (sTREM2) in individuals with Parkinson's Disease 
F. Pagan, M. Hebron, B. Wilmarth, Y. Torres-Yaghi, E. Mundel, N. Yusuf, C. Moussa (Washington, DC, USA) 
Objective: Our objective was to examine the effects of broad-based tyrosine kinase inhibition in cerebrospinal fluid 
biomarkers.  
Background: Nilotinib is a broad-based tyrosine kinase inhibitor with highest affinity to inhibit Abelson (c-Abl) 
and Discoidin Domain Receptors (DDR1/2). Preclinical evidence indicate that Nilotinib reduces the level of brain 
alpha-synuclein and attenuates inflammation in models of Parkinson’s disease (PD). We previously showed that 
Nilotinib penetrates the blood-brain-barrier (BBB) and potentially improves clinical outcomes in individuals with 
PD and Dementia with Lewy Bodies (DLB). 
Methods: We performed a physiologically-based population pharmacokinetics/pharmacodynamics (popPK/PD) 
study to determine Nilotinib effects in a cohort of 75 PD participants. Participants were randomized (1:1:1:1:1) into 
5 groups (n=15) and received open label random single dose (RSD) 150:200:300:400mg Nilotinib versus placebo. 
Plasma and cerebrospinal fluid (CSF) were collected at 1, 2, 3 and 4 hours after Nilotinib administration. 
Results: The results show that Nilotinib enters the brain in a dose-independent manner and 200mg Nilotinib 
increases the level f 3,4Dihydroxyphenylacetic acid (DOPAC) and Homovanillic Acid (HVA), suggesting alteration 
of dopamine metabolism. Nilotinib appears to significantly reduce CSF oligomeric:total alpha-synuclein ratio and 
plasma total alpha-synuclein. Furthermore, Nilotinib significantly increases the CSF level of triggering receptors on 
myeloid cells (TREM)-2, suggesting an anti-inflammatory effect. 
Conclusions: Taken together, 200 mg Nilotinib appears to be an optimal single dose that concurrently reduces 
inflammation and engages surrogate disease biomarkers including dopamine metabolism and alpha-synuclein. 

169 
Evaluating the real-world effectiveness of carbidopa/levodopa enteral suspension (CLES) on patients with 
advanced Parkinson’s disease in USA: Interim-evidence from the PROviDE study 
R. Pahwa, S. Isaacson, P. Kandukuri, Y. Jalundhwala, P. Kukreja, Y. Bao, N. Gupta, I. Pan, J. Aldred (Kansas City, 
KS, USA) 
Objective: To evaluate the real-world effectiveness of carbidopa/levodopa enteral suspension (CLES) in patients 
with advanced Parkinson’s disease (PD) in real world at home setting in USA. 
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Background: While CLES has been available in multiple countries since 2004, it was approved in USA in 2015. 
The effect of CLES on PD-related motor and non-motor symptoms has been studied through robust clinical trials(1-
4) and observational studies(5-6). Real-world evidence has been often examined in European settings, and the 
evidence from the US settings is now emerging. 
Methods: PROviDE is a US-based prospective, longitudinal observational study. All patients who received a 
prescription for CLES were eligible to participate. Patients were evaluated at baseline and at months 3, 6, 12, 18, 24, 
30, 36 after treatment initiation. Patients completed a battery of self-reported outcome measures via telephone-call 
or a web-survey. The outcomes included number of hours of off-time and dyskinesia per day; quality of life, sleep, 
fatigue, treatment satisfaction, freezing of gait, and impact of dyskinesia on activity of daily living were measured 
using self-reporting, PDQ-8, PDSS-2, PROMIS-fatigue, TQSM, FOGQ-sa, and PDYS-26 respectively. This interim 
analysis focuses on the 3 month effectiveness of CLES. Unadjusted comparisons were made vs. baseline using 
paired t-tests and Wilcoxon signed rank tests. 
Results: The baseline demographic and clinical characteristics are reported [Table1]. Compared to baseline, patients 
were observed to have significant reduction in self-reported off-time (mean ± SD: -3.05 ± 3.27 hours/day; 
p<0.0001). The patients also were observed to have a significant improvement in dyskinesia, quality of life, sleep, 
freezing of gait, and treatment satisfaction [Table 2]. There was also an improvement in fatigue and impact of 
dyskinesia on activities of daily living; however the change was not statistically significant at 3 months. 
Conclusions: This study provides data from one of the largest US-specific cohorts of CLES patients in real-world 
settings. Evidence suggests that CLES improves patient-centered outcomes within 3 months of treatment initiation. 
Future analyses will include adjusted treatment effect for potential confounders and data for the complete study 
population. 
References: 1. Olanow, C.W. et al., 2014. Continuous intrajejunal infusion of levodopa-carbidopa intestinal gel for 
patients with advanced Parkinson's disease: a randomised, controlled, double-blind, double-dummy study. Lancet 
Neurology, 13(2), pp.141–149. 2. Slevin, J.T. et al., 2015. Long-term safety and maintenance of efficacy of 
levodopa-carbidopa intestinal gel: an open-label extension of the double-blind pivotal study in advanced Parkinson's 
disease patients. Journal of Parkinson's disease, 5(1), pp.165-174. 3. Fernandez, H.H. et al., 2015. Levodopa-
carbidopa intestinal gel in advanced Parkinson's disease: Final 12-month, open-label results. Movement disorders, 
30(4), pp.500–509. 4. Standaert, D.G. et al., 2017. Effect of Levodopa-carbidopa Intestinal Gel on Non-motor 
Symptoms in Patients with Advanced Parkinson's Disease. Movement Disorders Clinical Practice, 4(6), pp.829–837. 
5. Antonini, A. et al., 2017. Levodopa-carbidopa intestinal gel in advanced Parkinson's: Final results of the GLORIA 
registry. Parkinsonism & related disorders, 45, pp.13–20. 6. Pålhagen, S.E. et al., 2016. Levodopa-carbidopa 
intestinal gel (LCIG) treatment in routine care of patients with advanced Parkinson’s disease: An open-label 
prospective observational study of effectiveness, tolerability and healthcare costs. Parkinsonism & related disorders, 
29, pp.17–23. 
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170 
Evaluating the real-world impact of levodopa/carbidopa intestinal gel (LCIG) on motor symptoms using 
wearable sensors: Evidence from PROviDE study 
R. Pahwa, R. Dorsey, S. Isaacson, P. Kandukuri, Y. Jalundhwala, P. Kukreja, N. Gupta, I. Pan, Y. Bao, D. Heldman 
(Kansas City, KS, USA) 
Objective: To objectively evaluate the real-world impact of carbidopa/levodopa enteral suspension (CLES) on 
motor symptoms in patients with advanced Parkinson’s disease (PD) in USA. 
Background: Wearable sensors enable continuous, passive monitoring of patients’ symptoms without additional 
administrative burden. Recent technological advances have enabled objective measurement of PD symptoms using 
wearable sensors, providing a new avenue to measure treatment effect in real-world settings. 
Methods: PROviDE is a US-based, real-world, prospective longitudinal observational study aimed to examine the 
effectiveness of CLES in patients with advanced PD. In a sub-study, effectiveness was also measured using 
wearable sensors in addition to a battery of patient reported outcomes and an electronic PD dairy.(1) Kinesia 360™, 
a validated two sensor system in which sensors are worn on the wrist and the ankle of the more affected side was 
used in the study to measure dyskinesia, tremor, arm swing, mobility, and slowness.(2) Patients wore the sensors as 
per a pre-specified schedule (back-to-back days every week for 1 month and every other week for months 2-4) for a 
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period of 4 months which includes ~1 month of pre-treatment period.(1) Treatment efficacy will be evaluated based 
on change from first visit (i.e. before treatment) to last visit (i.e. after treatment). Correlations between outcomes 
from the sensors and patient-self report will be measured. 
Results: The baseline demographic and clinical characteristics of the study sample (n = 39) are presented in [Table 
1]. Baseline PD symptoms based on patient self-reports are summarized in [Table 2]. For the patients wearing the 
sensors for more than 6 hours/day in the week 1 (n=34), mean wear time was 12.2 ± 3.1 hours/day. The baseline 
motion characteristics of the study sample collected via the sensor system are displayed in [Figure 1]. Based on the 
electronic PD diary entries, percent of waking time spent in different PD symptom states is presented in [Figure 2]. 
The study is ongoing and final efficacy results will be presented at the time of the presentation. 
Conclusions: This study provides the first-of-its-kind data to evaluate real-world effectiveness for advanced PD 
patients. The data and analytical approaches inform the pathway for incorporation of wearable sensors in future 
studies evaluating PD therapeutics. 
References: 1. Pahwa R, Dorsey ER, Pan I, van Norman S, Marshall TS, Heldman DA, Jalundhwala YJ. Using 
Objective Measurement Via Wearable Sensors To Evaluate Real-world Effectiveness Of Carbidopa/Levodopa 
Enteral Suspension For Managing Motor Fluctuations: PROviDE Study Design And Baseline Characteristics. 
Neurology Apr 2018, 90 (15 Supplement) P3.037. 2. Pulliam CL, Heldman DA, Brokaw EB, Mera TO, Mari ZK, 
Burack MA. Continuous Assessment of Levodopa Response in Parkinson's Disease Using Wearable Motion 
Sensors. IEEE Transactions on Biomedical Engineering. 2018 Jan;65(1):159-64. 
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171 
The Efficacy and Safety of Gocovri Based on Age: Special Population Analyses of a Phase 3 Study Program 
R. Pahwa, C. Tanner, L. Zhang, R. Johnson, C. Leroue, R. Patni (Kansas City, KS, USA) 
Objective: To assess patient outcomes and adverse events in Parkinson’s disease (PD) patients treated with 
Gocovri® (amantadine) extended release capsules at bedtime for dyskinesia, by age subgroups. 
Background: Gocovri is the only medication shown to decrease dyskinesia in PD patients, while also reducing OFF 
time. Gocovri phase 3 trials enrolled PD patients with estimated glomerular filtration rate (eGFR) ≥50 
mL/min/1.73m2. No dose adjustment is recommended on the basis of age, however, elderly patients are more likely 
to have decreased renal function. Among patients with renal impairment, a lower initial (68.5 mg) and maximum 
dosage is reccomended in moderate renal impairment (up to 137 mg) or severe renal impairment (68.5 mg). 
Methods: Two pivotal, placebo-controlled, phase 3 studies of similar design were pooled in this subgroup analysis 
and subjects were stratified by their age at baseline (<65, 65-74, or ≥75 years of age). A mixed-effect model 
repeated measure (MMRM) analysis was performed on PD patient diary data for each age subgroup. Safety data 
were also analyzed. 
Results: Of the 198 patients receiving study drug, 90 (45.4%) were under 65 years of age, 78 (39.4%) were between 
65 and 74 years of age, and 30 (15.2%) were 75 years of age or older. For each age group, respectively, baseline 
mean ON time with troublesome dyskinesia was 4.9, 5.2, and 4.3 hours, and mean OFF time was 3.3, 2.2, and 2.4 
hours. At Week 12, the respective least square mean placebo-corrected treatment differences for ON time with 
troublesome dyskinesia were -1.7, -1.3, and -1.0 hours, and for OFF time were -0.9, -1.3, and -0.5 hours. The 
corresponding increases in ON time without troublesome dyskinesia were 3.0, 2.4, and 1.9 hours. The most common 
adverse events (AEs) amongst Gocovri-treated patients were dizziness (23%) in the <65 group, hallucination (32%) 
in the 65-74 group, and falls and hallucination (27% each) in the ≥75 age group. 
Conclusions: The treatment effect was consistent across age subgroups, with AEs occurring more frequently in the 
elderly population. 

172 
Increasing chances of detecting a neuroprotective signal in PhI/II PD clinical trials? 
S. Palfi, C. Denot, A. Bousseau, J.C. Corvol (Paris, France) 
Objective: Design an early CT program to detect a neuroprotective signal in PD. 
Background: Attempts to develop PD modifying therapies have been largely disappointing so far. Many 
incriminating factors impacting early clinical trial designs have been identified: heterogeneity of disease and 
progression rate, slowly evolving symptoms, absence of objective and validated progression biomarker with 
endpoints based on subjective clinical scores only, and finally a placebo effect that can be marked and long-lasting. 
Methods: To overcome some of these challenges in the First-in-patient (FIP) study of a novel innovative potential 
treatment, an observational trial is added. It consists in the evaluation of a cohort of patients responding to the 
enrolment criteria of the FIP trial, to monitor their natural history over 12-18 months. At the end of this observation 
period, patients are offered to join the FIP trial. The number of patients participating in this longitudinal exploration 
is estimated to account for potential drop-outs. 
Results: PARK001 is an ongoing longitudinal exploratory prospective evaluation of the clinical evolution of a 
cohort of PD patients, with disease onset not older than 6 years, evidence of dopamine deficit at DAT-scan, 
fluctuations and/or dyskinesia, and univoqual response to L-DOPA. Patients disease progression is evaluated every 
6 months through usual clinical (MDS-UPDRS, RDysRS, PDQ39, LEDD calculation) and neuropsychological 
evaluations, as well as MRI exploratory sequences such as neuromelanin, iron and DTI, performed at baseline and 1 
year after. For patients joining the FIP trial, the PARK001 last evaluation point will be used as the baseline in the 
subsequent study. In the FIP trial, in addition to the primary objective of evaluating safety, identical 
pharmacodynamic endpoints will be measured allowing comparison of the disease progression slope before and 
after treatment. 
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Conclusions: Evaluating individual patient trajectory and progression based on clinical and imaging parameters 
prior to the FIP trial of a novel therapy should increase the statistical power of a small size PD early clinical trial. It 
will also allow to assess exploratory imaging biomarkers. Interestingly, from a drug development perspective, this 
strategy offers a significant time effective advantage: this exploration can be conducted in parallel to preclinical 
development activities and should enable a faster enrollment in the FIP. 

173 
Parotitis as Adverse Event Following BoNT Injections for Sialorrhea 
K. Papesh, J. Nguyen (Las Vegas, NV, USA) 
Objective: Review potential adverse events of parotitis with botulinum toxin injections for sialorrhea. 
Background: Sialorrhea is a common non-motor symptom of Parkinson’s disease. Botulinum toxin (BoNT) 
injections represent a commonly used and effect treatment option for sialorrhea. Side effects include hematoma, 
pain, infection, dry mouth, and weakness. We found no published evidence to suggest that parotitis and sialolithiasis 
have occurred as a result of BoNT injections for the treatment of sialorrhea. 
Methods: Clinical, laboratory, imaging, and photographic data of our established clinic patient will be presented. 
We include detailed injection information, such as procedure notes and BoNT doses of the injection session 
presented in this report. 
Results: An 86 years old male with a 9-year history of Parkinson’s disease and a 5-year history of sialorrhea was 
receiving treatment with BoNT injections. Seven days after his 6th round of injections (with rimabotulinumtoxinB) 
the patient reported a small area of redness at the injection site. This has worsened over the next 5 days at which 
time the patient was seen in clinic. On exam we found significant erythema, warmth, and swelling on left face and 
parotid area. He was then referred to the ER, where the formal diagnosis of parotitis was made. He had imaging and 
laboratory confirmation of this and was admitted to the hospital. He was subsequently diagnosed with sialolithiasis 
as well. Excellent benefits (80% or better) and no adversities were seen during the first 5 injection sessions 
(onabotulinumtoxinA). 
Conclusions: We hereby present a case of parotitis and sialolithiasis following salivary gland BoNT injections. 
While infections in general are known to occur with BoNT injections, this particular complication following 
intraglandular has been previously reported. While dose conversions between different BoNT brands is inaccurate 
and discouraged, we suspect that the BoNT dose used during the injection session before these complications 
developed may have been greater than that used during the 5 previous sessions. Parotitis and sialolithiasis may 
represent under-reported potential adversities in intraglandular BoNT injections. Further work on factors potentially 
affecting risk of these complications, such as dosing, injection technique, antiseptic measures, should be further 
investigated. 

174 
Atropine as Alternate Therapy for Treatment of Sialorrhea in Parksinson's Disease 
K. Papesh, J. Nguyen (Las Vegas, NV, USA) 
Objective: Evaluating effectiveness of sublingual Atropine 1% ophthalmic solution for treatment of sialorrhea in 
Parkinson’s disease. 
Background: Sialorrhea is common non-motor symptom of Parkinson’s disease. The treatments for sialorrhea vary 
based on patient assessment, insurance, tolerability, and cognition. When oral stimulation through chewing gum to 
promote improved management of fluids fails, oral medications such as glycopyrrolate can be prescribed. Botulinum 
toxin (BoNT) injections are another therapy option and have shown success in improving sialorrhea. An off-label 
treatment may be utilized. Atropine 1% ophthalmic solution is indicated for end of life secretions; however, may be 
tolerated and effective in treatment for sialorrhea in patients who do not tolerate other therapies. 
Methods: Case Series. Three patient assessments and evaluation. 
Results: Three patients were prescribed Atropine 1% ophthalmic solution to use Q4 hours for treatment of 
sialorrhea in setting of Parkinson’s disease. One of the three patients had previously tried botulinum toxin injections 
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and was no longer interested in this therapy due to lack of benefit. One of the three patients had previously tried 
glycopyrrolate with side effects. One patient was not a candidate for glycopyrrolate due to cognitive changes.  At 
follow up evaluation post Atropine treatment, three out of three patients reported a benefit in sialorrhea 
management. No patients reported side effects. 
Conclusions: These case series suggest 1) Atropine 1% ophthalmic drops are an effective treatment when used 
sublingually for sialorrhea in PD, 2) Consider the indications for use of Atropine ophthalmic solution to be revised 
to include sialorrhea so that patients may obtain more easily via insurance, 3) Atropine drops may provide 
significant benefit for treatment of sialorrhea without producing side effects seen with oral medications. 

175 
First year of Opicapone for Advanced Parkinson Disease: real-life experience in a single Movement Disorders 
Unit 
J.B. Paredes, J. Poles, V. Hristova, S. Madrona, S. Argos, P. Torre, J.L. Moreno, I. Moreno, J.C. Castrillo, A. 
Canovas (Madrid, Spain) 
Objective: The aim of the study is to evaluate opicapone in an heterogeneous patient population, reflecting daily 
clinical practice. 
Background: Opicapone is a new COMT-inhibitor indicated for motor fluctuations in Parkinson's disease (PD). In 
previous pivotal trials, opicapone effectively reduced time in the off state and increased time in the on state without 
troublesome dyskinesia. However, little is known about efficacy and safety in real clinical practice. 
Methods: We conducted a retrospective study of patients with advanced PD treated with opicapone (June 2017-June 
2018) in our Movement Disorders Unit at Ramón y Cajal Hospital in Madrid. Clinical, efficacy and safety variables 
were analysed. Off-duration was assessed with UPDRS-IV scale. 
Results: We included 30 patients, 50% male, mean age 71±13 years, median disease duration of 11 years (3-25), 
and Hoehn-and-Yahr scale of 3 (1.5-4). Patients were on treatment with levodopa (100%), dopamine agonists 
(46.7%), MAO-inhibitors (36.7%), amantadine (6.7%), DBS (13.3%) or continuous levodopa-carbidopa intestinal 
infusion (16.7%). Eight patients (26.7%) were on treatment with a different COMT-inhibitor. Mean follow-up was 
3.6 months (1.2-6.1). Before opicapone, 16 patients (53.5%) had off-periods lasting 25-50% of the day and seven 
patients (23.3%) 50-75% of the day. This time was reduced to 20% and 6.7% respectively (p>0.05). The levodopa 
equivalent daily dose (LEDD) pre-treatment and post-treatment did not differ significantly (1171.4±671.8mg vs 
1133.5±509.5mg, p=0.32). Fifteen patients had non-disabling dyskinesias before treatment, while on opicapone, 
despite an increase in the duration of dyskinesias (13.3% of patients), no patient with worsening of disabling 
dyskinesia was registered. Off-time dystonia was reported in three patients (10%) pre-treatment and in none post-
treatment. Eight patients discontinued treatment: 3 due to inefficacy, and 5 due to dopaminergic adverse events. 
Conclusions: In our one year experience, opicapone was effective in the treatment of motor fluctuations of PD, even 
in a cohort of complex advanced patients, without significant worsening of dyskinesia and allowing maintenance of 
LEDD. 

176 
GABA-A Receptor Positive Allosteric Modulators: Phase 2 Proof of Concept Studies of Brexanolone Injection 
and SAGE-217 in Essential Tremor 
J. Paskavitz, A. Bullock, D. Nguyen, A. Smith, B. Farley, M. Quirk, I. Kaul, S. Li, A. Ellenbogen, C. Silber, J. 
Doherty, H. Colquhoun, S. Kanes (Cambridge, MA, USA) 
Objective: To examine use of γ-aminobutyric acid (GABA) type A receptor (GABA-A-R) positive allosteric 
modulators (PAMs) in the treatment of essential tremor (ET) in early phase clinical trials of brexanolone injection 
(BRX), an investigational, intravenous formulation of allopregnanolone, and novel, investigational, orally-
bioavailable, GABA-A-R PAMs in subjects with ET. 
Background: ET is a chronic neurological disorder characterized by involuntary rhythmic shaking. The etiology of 
ET is largely unknown, but reduced GABA-A-R levels and decreased GABAergic activity have been observed in 
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ET. GABA-A-R PAMs can reduce tremor levels but are not specifically indicated for ET. Neuroactive steroids, such 
as allopregnanolone, are PAMs of both synaptic and extrasynaptic GABA-A-Rs, suggesting potential for efficacy in 
treating ET. 
Methods: A randomized, double-blind, placebo-controlled, 2-period, cross-over study of BRX versus placebo was 
conducted in 25 subjects with ET, who had a qualifying score on The Essential Tremor Rating Scale (TETRAS). 
Subjects received 12-hour infusions of BRX or placebo in crossover fashion and were assessed for tremor symptoms 
by TETRAS and accelerometry through 24 hours. SAGE-217, a novel, orally-bioavailable PAM, was tested in a 
three-part, multicenter, Phase 2 study in subjects with ET. During the course of the study, 32 subjects were treated 
for 7 or 14 days to examine the effect of SAGE-217 capsule on tremor severity. 
Results: In the BRX trial, greater decreases from baseline in tremor as measured by accelerometry and TETRAS 
were observed up to 24 hours after the start of infusion compared to placebo. Statistically significant improvements 
in total upper limb (UL) kinetic tremor scores during BRX treatment were observed at 6 (p=0.020), 10 (p=0.040), 
and 12 hours (p=0.034) versus placebo. BRX was generally well tolerated in the 2-period cross-over study, and all 
adverse events were mild or moderate in severity. Across all studies, SAGE-217 treatment resulted in decreased 
total UL and kinetic tremor as measured by TETRAS and accelerometry. SAGE-217 capsule was generally well 
tolerated throughout the study. 
Conclusions: Improved tremor symptoms in studies of BRX and SAGE-217 suggest the potential utility, and 
support further development, of the GABA-A-R PAM mechanism in ET. 
References: [1] Kaul I, Bullock A, Li S, Silber C, Kanes S. SAGE-217 Capsules in Essential Tremor: An Open-
label, Phase 2 Pilot Clinical Trial [abstract]. J Movement Disorders June 2018;33, Suppl 1:S14–S117. [2] 
Ellenbogen A, Raines S, Kanes S. Exploratory Trial Results for SAGE-547 in Essential Tremor [abstract]. 
Neurology April 2016;86 (16 Supplement). 

177 
Polyneuropathy in patients with continuous levodopa/carbidopa intestinal gel (LCIG) infusion 
K. Pauls, J. Toppila, M. Koivu, J. Eerola-Rautio, M. Udd, E. Pekkonen (Helsinki, Finland) 
Objective: To assess frequency of polyneuropathy in patients with LCIG and the usefulness of routine nerve 
conduction studies follow-up 
Background: Continuous levodopa infusion is an effective treatment for advanced Parkinson’s disease (PD) with 
motor fluctuations. Polyneuropathy has been reported as a complication in about 10-15 % of patients. 
Methods: Over a period of 2 years (03/2017 – 02/2019), PD patients started on LCIG infusion were routinely 
followed including electrophysiological nerve conduction studies at baseline and 6 months after treatment initiation. 
We prospectively assessed whether patients developed clinical and electrophysiological signs of polyneuropathy. 
Gender, age, disease duration, mini mental state examination, UPRDS III off at baseline, as well as UPDRS III on, 
UPDRS III dyskinesia scores, weight, levodopa equivalent dose, plasma levels of homocysteine, folate, vitamin B6 
and B12 at baseline and 6 months were also followed. 
Results: 14 patients were followed up with at least 2 nerve conduction studies. Patient details can be found in table 
1. One out of 14 patients developed electrophysiological signs of sensory axonal polyneuropathy. Two other patients 
subjectively reported altered sensory perception with a ‘glove and stocking’ distribution, but no significant 
electrophysiological changes. After substitution of B-vitamins orally, control nerve conduction studies showed 
improvement. There were no cases of motor axonal or other (demyelinating) polyneuropathies. 
Conclusions: In this small cohort of patients, 1/14 patients (7.1 %) developed a sensory axonal neuropathy. The 
relevance of routine nerve conduction studies in PD patients to detect LCIG-related polyneuropathy remains 
uncertain. Clinical follow up including sensory symptoms and weight, and laboratory parameters such as 
homocysteine, vitamin B12 and folate may be useful in identifying at risk patients. 
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178 
Utilization patterns of Amantadine in Parkinson’s Disease patients enrolled in the French COPARK study 
S. Perez-Lloret, L. Negre-Pages, P. Damier, A. Delval, P. Derkinderen, A. Destée, W. Meissner, F. Tison, O. Rascol 
(Buenos Aires, Argentina) 
Objective: To explore amantadine IR utilization patterns in the French COPARK study. 
Background: Immediate release (IR) amantadine is marketed for the treatment of early and advanced Parkinson 
Disease (PD) for 50 years, while novel extended release formulations are now reaching the market. Very few data 
are available regarding the utilization patterns of amantadine IR in clinical practice. 
Methods: The COPARK study included 683 idiopathic, non-demented PD patients followed at specialized and non-
specialized out-patient neurological clinics. All patients were assessed once (baseline), out of which 401 (59%) were 
assessed at a second visit after a median of 22.7 months of follow-up. All patients were assessed in a standardized 
manner: demographics, treatments, Unified PD Rating Scale (UPDRS), and Hospital Anxiety and Depression Scale. 
Results: At baseline, amantadine was prescribed to 61/683 (9%) patients with a mean dose of 201.6 mg/day (range 
100 to 300 mg/day). Amantadine IR was initiated after a median of 7 years from PD diagnosis (>5 years in 71% of 
cases), and the duration of treatment was less than 2 years in 59% of patients. Patients on amantadine IR showed 
more frequent dyskinesias (logistic regression Odds Ratio, 95% CI= 3.72, 1.95-7.08) and higher UPDRS I.2 -
hallucinations- score (1.57, 1.08-2.29). In the subset of patients analyzed twice, amantadine IR was prescribed in 
33/401 (8%) patients at baseline and 54/401 (14%) 2 years later (p=0.001). Among the 33 patients that were on 
amantadine at baseline, 9 (27%) stopped amantadine, 5 (15%) increased the dose, 6 (18%) reduced the dose, and 13 
(40%) stayed at the same doses. Treatment was initiated in 30/54 patients (55%). Patients who were started on or 
increased amantadine IR daily dose (n=35) had more LIDs at baseline (7.02, 3.09-15.90) and higher MMSE score at 
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follow-up (1.37, 1.06-1.79). Undergoing neurosurgery for PD was the only factor related to stopping or down 
titrating amantadine (22.02, 4.24-114.44, n=15). 
Conclusions: In this cohort, amantadine was used in less than 10% of the patients, LIDs being its main indication. 
Amantadine use frequency increased during follow-up. Main treatment indication was LIDs, and patients with 
higher MMSE scores during follow-up were treated preferentially. 

179 
BouNDless: An active-controlled randomized, double-blind double-dummy study of continuous ND0612 
infusion in patients with fluctuating Parkinson’s disease 
W. Poewe, K. Kieburtz, F. Stocchi, S. Oren, T. Yardeni, L. Adar, O. Rosenfeld, C. Olanow (Innsbruck, Austria) 
Objective: Determine the efficacy, safety, and tolerability of continuous subcutaneous ND0612 infusion in 
comparison to oral Carbidopa/Levodopa (CD/LD) in patients with Parkinson’s disease (PD) experiencing motor 
fluctuations. 
Background: ND0612 is under development as the first non-surgical drug-device combination that provides 
continuous delivery of Carbidopa/Levodopa Subcutaneous Solution (CLSS) for patients with fluctuating PD. 
Methods: A total of 288 PD patients (Hoehn and Yahr ≤3) on ≥4 doses/day of CD/LD oral therapy (≥400mg of 
LD), experiencing motor fluctuations (average of at least 2.5 hours daily, with a minimum of 2 hours every day) in 
the OFF state during the waking hours) will be enrolled. The study comprises 6 periods: Period 1: Screening (1-4 
weeks); Period 2: Open-label oral CD/LD adjustment period (6 weeks); Period 3: Open-label ND0612 conversion 
period (6 weeks); Period 4:  Double-blind, double-dummy, active-controlled, maintenance period where patients are 
randomized to either ND0612 infusion + Dummy IR CD/LD, OR to Dummy infusion + IR CD/LD  (12 
weeks); Period 5: Optional open-label extension period (1-year); Period 6: Safety follow-up (12 weeks). 
Results: The primary endpoint is the change from Baseline (start of Period 3 = start of ND0612 infusion) to end of 
the maintenance period (Period 4, Week 12) in mean ON time without troublesome dyskinesia, normalized to 16 
waking hours, using patient-rated ON/OFF diary assessments. Secondary outcome measures include changes in: 
OFF time (key secondary), UPDRS (Parts II and III), Patient’s and Clinician’s Global Impressions of Change, ON 
time without dyskinesia, PDQ-39 and Parkinson’s Disease Sleep Scale (PDSS) scores. Clinical assessments are by 
blinded-rater. Safety and tolerability are assessed via adverse event reporting, including local skin safety 
assessments, rates of premature discontinuation, and study treatment compliance. 
Conclusions: BouNDless will be the first Phase III randomized, active-controlled trial to establish the efficacy and 
safety of maintenance treatment with continuous subcutaneous ND0612 in comparison to oral immediate-release 
CD/LD in patients with PD experiencing motor fluctuations. 

180 
Outcomes of the first-in-human study with a recombinant botulinum toxin E (rBoNT-E): safety and 
pharmacodynamic profile of rBoNT-E compared with abobotulinumtoxinA 
L. Pons, C. Vilain, P. Picaut (Les Ulis, France) 
Objective: To evaluate safety and pharmacodynamic (PD) profiles of the first recombinant botulinum toxins 
(BoNT) serotype E (rBoNT-E) versus abobotulinumtoxinA (aboBoNT-A) in healthy male volunteers. 
Background: Naturally occurring BoNT serotypes have different pharmacological features, which are of 
therapeutic and aesthetic interest. AboBoNT-A is an effective treatment for dystonias and limb spasticity, with a 
relatively fast onset and a long duration of action. A BoNT serotype with a faster onset and limited duration may be 
beneficial in certain circumstances. 
Methods: Double-blind, placebo-controlled, ascending-dose study (EudraCT: 2016-002609-20) in 28 healthy 
human males randomised (3:1) to receive rBoNT-E (sequential cohorts, up to 3.6ng rBoNT-E) or placebo. A further 
24 subjects were randomised (6 per treatment arm) to receive a double-blind injection of aboBoNT-A 20, 40 or 70U, 
or placebo. All injections were into the right extensor digitorum brevis (EDB) muscle. PD profile was assessed by 
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recording compound muscle action potential (CMAP) in injected EDB following supramaximal stimulation. Data 
from active treatment groups only (rBoNT-E and aboBoNT-A) are described. 
Results: All rBoNT-E doses were well tolerated. Most treatment-emergent adverse events were considered 
unrelated to treatment, and no unexpected treatment-related toxicities were identified with rBoNT-E or aboBoNT-A. 
Onset of action (15% inhibition of CMAP) occurred on Day 1 or 2 with rBoNT-E, and Day 1 to 7 with aboBoNT-A. 
Maximal CMAP inhibition was: ~50% for 0.04ng rBoNT-E and 20U aboBoNT-A; ~70% for 0.2ng rBoNT-E, 40 
and 70U aboBoNT-A; and ~90% for 0.9 and 3.6ng rBoNT-E. Maximal effect was reached ~1 week post-injection 
for rBoNT-E and 2─6 weeks for aboBoNT-A. Inhibition lasted ~7 weeks for 0.9 and 3.6ng rBoNT-E, persisting 
until 26 weeks post-injection for aboBoNT-A subjects. 
Conclusions: An overall good safety profile of single intramuscular doses of rBoNT-E was demonstrated up to 
3.6ng. rBoNT-E had a faster onset of effect, greater and quicker peak effect and shorter duration of action versus 
aboBoNT-A, when injected in EDB muscles of healthy males. The PD profile of rBoNT-E addresses new and 
different patient needs in those with movement disorders.Data previously presented at TOXINS 2019 and IMCAS 
2019. 
[Figure 1] [Table 1] 
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181 
A single nigral injection of human ENGRAILED-1 induces long-lasting behavior benefit in an experimental 
primate model of Parkinson Disease 
A. Prochiantz, E. Pioli, C. Friedel, K. Moya, E. Bézard, A. Bousseau (Paris, France) 
Objective: Evaluate the efficacy of a single nigral injection of human ENGRAILED-1 (hEN1) in a recognized 
chronic MPTP macaque model. 
Background: EN1 homeoprotein has been shown to play a key role in the development of midbrain DA (mDA) 
neurons during embryogenesis, but also in their maintenance/survival in the adult. Indeed, nigral injection or 
infusion of hEN1 in mice partially protect against 6-OHDA-, MPTP- and a-synuclein-induced mDA neuron death 
and motor deficits. This protection involves different hEN1 functions both at mitochondrial (translational regulation) 
and nuclear (transcriptional and epigenetic regulation) levels. 
Methods: Sixteen macaques received MPTP for 12 days. On D6, animals were injected bilaterally with either 
vehicle (n=8) or hEN1 (n=8) in the Substantia Nigra. Half of the animals in each treatment group received an 
additional hEN1 injection on wk 10, leading to 4 groups: vehicle, early hEN1 injection, late hEN1 injection, and two 
early/late hEN1 injections. Behavior was assessed every third week for 18 weeks by an observer blinded to 
treatment. Post-mortem analyses of the nigrostriatal system were performed at week 23. 
Results: At week 10, compared to vehicle, hEN1-treated monkeys showed a significant improvement of their 
Parkinson Disability scores. From week 12 to week 18, all monkeys receiving hEN1, regardless of time of injection 
(early or late) showed significant higher locomotor activity compared to control. Comparison of early (D6) vs late 
(week10) hEN1 injection showed statistical difference at all times, suggesting that treating early (pre-symptomatic 
phase) is more effective than treating late (symptomatic phase). There was no additional benefit of a repeated 
injection at week 10. At autopsy at week 23, a trend towards a higher number of TH-expressing neurons and an 
increase in TH-containing fibers in the putamen was observed in all hEN1-treated groups. 
Conclusions: A single nigral injection of hEN1 early after the MPTP chronic injury initiation was well tolerated and 
produced long-lasting behavioral benefits in macaques. This data makes EN1 a new pathway worth exploring in PD, 
and support hEN1 further evaluation as a therapeutic candidate for PD. 

182 
Evaluation of neuroprotection by human ENGRAILED-1 in a chronic AAV-hα-synuclein-A53T (AAV-A53T) 
rat model of Parkinson Disease 
A. Prochiantz, G. Porras, A. Simonnet, E. Pioli, C. Friedel, E. Bézard, A. Bousseau (Paris, France) 
Objective: Investigate the long-term neuroprotective effect  of a single bilateral injection of human ENGRAILED1 
(hEN1) in a rat α-synuclein model of Parkinson Disease (PD). 
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Background: EN1 homeoprotein plays a key role during development of mesencephalic dopaminergic (mDA) 
neurons and contributes to their maintenance/survival in the adult. Nigral injection of hEN1 was shown to partially 
protect against nigrostriatal DA neuron death and motor deficits in neurotoxin models of PD in mice and monkeys 
based on intoxication by 6-OHDA and MPTP.These pharmacological animal models typically use acute dosage 
regimens of neurotoxins to induce nigrostriatal neuron degeneration, after which the neurotoxin is cleared allowing 
for surviving neurons recovery, thus questioning the neurorestorative effect an experimental agent in a disease-
evolving context.In the present experiment, an AAV-A53T vector expressing mutated human α-synuclein is 
injected, covering 40-50% of Substantia Nigra pars compacta (SNc) 1 wk after injection. Maximum expression level 
is observed at 4-8 weeks post-injection in both SNc and striatum, and then remains stable at this high level making it 
an interesting model for neuroprotection/neurorestoration evaluation. 
Methods: 40 Sprague-Dawley rats were randomized into 2 groups and injected bilaterally in the SNc with AAV-
A53T or control AAV-GFP on day 1. hEN1 or vehicle was administered bilaterally into the SNc of half of each 
group in a second surgery on day 8. Behavioral assessment was performed every 4th week for 16 weeks post-vector 
injection. Expression of TH and α-synuclein in the SNc and monoamine content in striatum were quantified post-
mortem. 
Results: The significant decrease in locomotor activity in the vehicle AAV-A53T group, compared to AAV-GFP, 
was antagonized by a single hEN1 injection. hEN1 protective activity was maintained over 8 weeks. Post-mortem 
data supporting these behavioral observations will be presented. 
Conclusions: A single nigral injection of hEN1 early after injection of the AAV-A53T into the SNc was well 
tolerated and produced long-lasting behavioral benefits in rats, despite continuous expression of the toxic protein. 
This confirms the interest of the EN1 pathway in preclinical models of PD, and support hEN1 further evaluation as a 
therapeutic candidate for PD. 

183 
Unilateral delivery of cell-based therapy to the putamen and substantia nigra in patients with Parkinson’s 
disease who have an existing DBS system 
J. Quintero, J. Slevin, Z. Guduru, J. Gurwell, G. Gerhardt, C. van Horne (Lexington, KY, USA) 
Objective: Evaluate the safety and feasibility of unilateral cell-based therapy delivery to the putamen and substantia 
nigra in patients with Parkinson’s disease (PD) undergoing deep brain stimulation (DBS) surgery. 
Background: We have previously trialed the use of “repair” Schwann cells (Schwann cells transdifferentiated after 
injury) exclusively targeted to the substantia nigra to alter the progression of PD. However, dopaminergic terminals 
in the putamen are also affected in PD and are a key target for intervention. 
Methods: Three participants (2 female, 1 male, age 56, 60, and 61 years old) with an existing unilateral DBS lead to 
the subthalamic nucleus were deemed candidates for DBS lead placement to the side contralateral to the existing 
lead. After undergoing DBS lead placement to the globus pallidus internus (GPi),  autologous peripheral nerve grafts 
(activated sural nerve – previously injured through transection during Stage I of a standard two stage DBS surgery) 
were implanted unilaterally into 3 separate sites in the putamen and one site in the substantia nigra.  Participants are 
followed for 12 months after surgery with study visits at 6 months and 12 months. 
Results: Mean OFF medication scores at baseline on the MDS-UPDRS Part III were 53 ± 5 points and ON scores 
were 24.7 ± 11.5 points. All three participants successfully received a DBS lead to the GPi. In addition, all 
participants received 3 graft deployments to the putamen and 1 deployment to the substantia nigra on the side 
ipsilateral to the GPi DBS lead. Adverse event profile was comparable to standard DBS surgery. MRI scans were 
unremarkable in the perioperative period. At six months, one participant showed a 10 point improvement OFF 
medication/OFF stimulation; however, unlike our previous studies, the 2 other participants failed to attend the 6 
month study visit, in part, because of difficulty with traveling out-of-state. An incidence rate of 66% missed follow-
up visit is well over our standard rate and negatively affects our study feasibility metrics. 
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Conclusions: Unilateral grafts of autologous peripheral nerve to the putamen and substantia nigra at the time of 
DBS surgery indicate a safe profile, but follow-up visit complications may suggest a need for modifying study 
design. 

184 

Withdrawn 

185 
The relationship between sound pressure level (SPL) and speech intelligibility in Parkinson's disease 
following intensive speech treatment: LSVT LOUD and LSVT ARTIC 
L. Ramig, E. Levy, M. Chang, K. Forrest, G. Moya-Gale (Boulder, CO, USA) 
Objective: The relationship between the acoustic measure SPL (correlate of vocal loudness) and ratings of speech 
intelligibility was studied in fifty-seven individuals with Parkinson's disease (PD) following intensive voice (LSVT 
LOUD) or articulation (LSVT ARTIC) treatment. It was hypothesized that there would be a significant relationship 
between increased SPL and improved speech intelligibility. 
Background: Nearly 90% of individuals with PD develop speech and voice disorders. While historically these 
disorders have been resistant to both medical treatments and traditional efforts at speech treatment, three randomized 
controlled trials (RCTs) have documented the short and long-term efficacy of intensive voice treatment (LSVT 
LOUD) on a range of variables including SPL (vocal loudness) [1,2,3]. Recently, greater improvements in speech 
intelligibility were reported following LSVT LOUD when compared to LSVT ARTIC . One explanation for these 
post-treatment improvements in speech intelligibility is the significant increase in SPL (vocal loudness) following 
LSVT LOUD. 
Methods: Fifty-seven individuals with PD were randomized to LSVT LOUD or LSVT ARTIC. These individuals 
were recorded in an IAC sound-treated booth using a head-mounted microphone. As a part of a larger protocol, they 
generated a monologue from which one pre and one post sentence was extracted. SPL analysis was carried out 
blinded using standard procedures. For speech intelligibility analysis, 117 blinded listeners orthographically 
transcribed the sentences for transcription accuracy (TA) and rated ease of understanding (EOU).  After ten-talker 
babble noise was added to the pre and post sentences, they were presented at 0dB SNL pre-treatment to the listeners 
who were seated individually in a sound treated booth, wearing earphones. 
Results: Analysis of the relationship between pre to post changes in these variables revealed significant associations 
between changes in SPL (vocal loudness) and TA (transcription accuracy) (p=0.0001) and SPL and EOU (ease of 
understanding) (p<0.001). Reliability data for both SPL and listener ratings of intelligibility were significant. 
Conclusions: These results are among the first to demonstrate a significant relationship between increased SPL 
(vocal loudness) and improved ratings of speech intelligibility following speech treatment for PD. NIH-NIDCD R01 
DC01150 
References: [1] Ramig L, Halpern A, Spielman J, Fox C, Freeman K. Speech treatment in Parkinson’s disease: 
Randomized controlled trial (RCT). Mov Disord 2018; 33: 1777-91. [2] Ramig L, Sapir S, Countryman S, et al. 
Intensive voice treatment (LSVT®) for individuals with Parkinson disease: a two-year follow-up. J Neurol 
Neurosurg Psychiatry 2001; 71: 493–8. [3] Ramig L, Sapir S, Fox C, Countryman S. Changes in vocal loudness 
following intensive voice treatment (LSVT®) in individuals with Parkinson’s disease: A comparison with untreated 
patients and normal age-matched controls. Mov Disord 2001; 16: 79–83. 

186 
The French NS-PARK/FCRIN network: a 5-year balance sheet 
O. RASCOL, J.C. CORVOL, F. DURIF, E. DELAPPINA, V. CHAIGNEAU, J.P. AZULAY, p. COURATIER, L. 
DEFEBVRE, D. DEVOS, P. DAMIER, A. DOE, S. DRAPIER, S. FRISMAND, C. GENY, C. GIORDANA, J.L. 
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HOUETO, P. KRYSTKOWIAK, E. MAGNIN, D. MALTETE, W. MEISSNER, T. MOREAU, E. MORO, P. REMY, C. 
THIRIEZ, S. THOBOIS, C. TRANCHANT, F. VIALLET, M. VIDAILHET (TOULOUSE, France) 
Objective: To describe the achievements of the French NS-PARK/FCRIN network 
(http://www.parkinson.network/) after 5 years of activity. 
Background: The French Clinical Research Infrastructure network FCRIN is a national distributed clinical research 
infrastructure funded by the French government to boost clinical academic and industry-sponsored trials in France 
(https://www.fcrin.org/). FCRIN labeled and funded in 2013 twelve investigation networks, including NS-PARK 
which brings together the 25 French Expert Centers for Parkinson's disease (PD) and movement disorders, with 
special focus on early interventional trials and large national/international multicenter trials. 
Methods: Quantitative and qualitative indicators of activity collected according to pre-specified outcomes 
elaborated by the FCRIN evaluation work-package and audited in 2018 by the FCRIN external international 
scientific committee. 
Results: Within 5 years, NS-PARK developed efficient organization, governance and operational processes, based 
on an executive board and a steering committee, supported by 3 full-time coordination managers and a sustainable 
business model. It gathers top scientific and methodological expertise to develop and conduct clinical trials in PD in 
France, providing a single centralized access to its centers using common recruitment strategies, harmonized costs, 
standardized quality system, training and access to research facilities. 
NS-PARK has implemented a national cohort of PD patients (~20 000 patients prospectively followed-up using a 
common clinical eCRF; see poster by Alfaisal et al) and is currently developing its biobank (see PRECISE-PD 
poster by Corvol et al) and imaging database. 
From 2013 to 2018, NS-Park has conducted or contributed to 62 projects, 55% being sponsored and funded by 
academic entities [European (IMI/H2020) or national (PHRC) grants] and 45% by 32 industrial companies, for a 
global amount of 30 M€, including more than 2700 PD patients, doubling the rate of inclusion of French centers 
over the period, and producing 50 international peer-reviewed publications. 
Conclusions: NS-PARK/FCRIN was efficient in improving clinical research in PD in France. Further funding is 
recommended, with the objective for the next 5 years to integrate clinical, biological, imaging and health care data 
analyses to develop personalized approaches of PD management. 

187 
Motor assessments in HD clinical trials: Q-Motor versus the UHDRS-TMS – what did we learn from recent 
studies? 
R. Reilmann, R. Schubert, P. Barallon, P. Pracht, B. Habbel (Muenster, Germany) 
Objective: To review the performance of UHDRS-TMS and Q-Motor quantitative motor measures in recent 
placebo-controlled clinical trials. 
Background: The UHDRS-TMS has widely been used to assess motor symptoms in HD clinical trials – often 
serving as primary endpoint. Sizeable placebo effects in the UHDRS-TMS were observed. Recently objective 
assessment of motor function using the Q-Motor quantitative motor battery has been introduced in multiple HD 
clinical trials [1]. 
Methods: Results of motor assessments of the studies AFQ056 (Novartis) [2], PRIDE-HD (Teva) [3], 
AMARYLLIS (Pfizer), LEGATO-HD (Teva), BN82451B (Ipsen) are compared and characteristic behavior of these 
measures are identified. 
Results: The UHDRS-TMS (or sub-items) served as primary endpoint in all these trials; mean UDHRS-TMS scores 
of the placebo arm improved during all studies, while no treatment effects were seen. In contrast, Q-Motor measures 
remained stable in the placebo arm with low variability during the two shorter trials of four weeks duration and 
declined in longer trials over 6-12 months durations, as expected in HD patients. Q-Motor measures detected 
normally significant improvements in AFQ056, PRIDE-HD, AMARYLLIS (dose-dependent) and LEGATO-HD 
(with supporting MRI findings) [figure1][figure2][figure3][figure4]. In BN82451B and PRIDE-HD Q-Motor 
measures also detected deterioration of motor performance [figure5]. Of note, the dose-dependent mean effect sizes 
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of Q-Motor benefits observed in AMARYLLIS were reproduced in the consecutive open label study. Q-Motor has 
been installed in > 140 sites globally and data was collected and analyzed reliably. 
Conclusions: Q-Motor assessments provided a higher sensitivity than the UHDRS-TMS across multiple clinical 
trials. The lack of placebo responses in Q-Motor measures was observed consistently. This may largely be driven by 
the fact that Q-Motor measures are rater-independent and thus standardized. Proof-of-concept of drug effects in 
small patient cohorts and the potential to see similar effects in placebo controlled and open label settings merits 
further investigations. Innovative strategies to perform economic and de-risked clinical trials based on these findings 
will be discussed. 
References: [1] Reilmann R, Schubert R (2017) Motor outcome measures in Huntington disease clinical trials. 
Handb Clin Neurol 144:209-225. doi: 10.1016/B978-0-12-801893-4.00018-3.:209-225. [2] Reilmann R, Rouzade-
Dominguez ML, Saft C, Sussmuth SD, Priller J, Rosser A, Rickards H, Schols L, Pezous N, Gasparini F, Johns D, 
Landwehrmeyer GB, Gomez-Mancilla B (2015) A randomized, placebo-controlled trial of AFQ056 for the 
treatment of chorea in Huntington's disease. Mov Disord 30:427-431. [3] Reilmann R, McGarry A, Grachev ID, 
Savola JM, Borowsky B, Eyal E, Gross N, Langbehn D, Schubert R, Wickenberg AT, Papapetropoulos S, Hayden 
M, Squitieri F, Kieburtz K, Landwehrmeyer GB (2019) Safety and efficacy of pridopidine in patients with 
Huntington's disease (PRIDE-HD): a phase 2, randomised, placebo-controlled, multicentre, dose-ranging study. 
Lancet Neurol 18:165-176. 

 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

 

188 
Effect of opicapone in Parkinson’s disease patients with ‘early’ motor fluctuations: Parkinson’s Disease 
Questionnaire (PDQ-39) analysis from the BIPARK-I double-blind experience 
J. Rocha, E. Tolosa, J. Ferreira, A. Lees, O. Rascol, W. Poewe, A. Santos, D. Magalhães, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of opicapone (OPC) on PDQ-39 in levodopa-treated Parkinson’s Disease (PD) 
patients with ‘early’ motor fluctuations. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1], [2]. 
Methods: Double-blind, 14 to 15-week, placebo- and active-controlled study [1]. Dopamine-agonists and MAO-B 
inhibitors used for PD treatment were allowed provided their stable regimen for 4-weeks before and throughout the 
study. ‘Early-fluctuators’ (EF) were defined as subjects with onset of motor fluctuations within <2 years of study 
baseline. This post-hoc analysis investigated changes in PDQ-39 at the end of double-blind period in OPC-50mg, 
entacapone (ENT) and placebo (PLC) groups in EF levodopa-treated patients. Data was analyzed via an ANCOVA 
model with treatment group and region as fixed effects. 
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Results: In total, 359 patients were randomized; 206 patients were EF (PLC, n=66; ENT, n=70; OPC-50mg, n=70). 
Overall, LS mean changes from baseline were -2.6 for PLC, -4.0 for ENT and -2.8 for OPC-50mg. Regarding EF, 
LS mean changes [95%CI] of PDQ-39 from double-blind baseline were -2.0 [-4.4,0.5], -3.3 [-5.7,-0.8] and -3.8 [-
6.3,-1.3] for PLC, ENT (p=0.0085) and OPC-50mg (p=0.0026), indicating improvements in health status and quality 
of life. 
Conclusions: Similar to total study population, adding OPC-50mg to ‘early-fluctuators’ improved health status and 
quality of life. In contrast to PLC and ENT, PQD-39-decreasing was higher in OPC-50mg ‘early fluctuators’ than in 
the overall population. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

189 
Efficacy of opicapone in Parkinson’s disease patients with ‘early’ motor fluctuations: Patient and Clinical 
Global Impression of Change from the BIPARK-I double-blind experience 
J. Rocha, F. Stocchi, A. Lees, J. Ferreira, W. Poewe, O. Rascol, A. Santos, D. Magalhães, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate, in levodopa-treated Parkinson’s Disease (PD) patients with ‘early’ motor fluctuations, the 
patients’ and clinicians’ perception of PD symptoms improvement [as assessed by Patient and Clinical Global 
Impression of Change (PGI-C and CGI-C)]. 
Background: Opicapone (OPC), a once-daily COMT inhibitor, proved effective in the treatment of motor 
fluctuations in PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1], [2]. 
Methods: Double-blind, 14 to 15-week, placebo- and active-controlled study [1]. Dopamine-agonists and MAO-B 
inhibitors used for PD treatment were allowed provided their stable regimen for at least 4-weeks before and 
throughout the study. ‘Early-fluctuators’ (EF) were defined as subjects with an onset of motor fluctuation within <2 
years of study baseline. This post-hoc analysis investigated both PGI-C and CGI-C in levodopa-treated EF. 
Results: In total, 359 patients were randomized (placebo (PLC), n=121; entacapone (ENT), n=122; OPC-50mg, 
n=116); 206 patients were EF (PLC, n=66; ENT, n=70; OPC-50mg, n=70). Table 1 describes CGI-C and PGI-C 
improvement (comprising minimally, much, and very much improved) at endpoint in overall population and EF. In 
contrast to OPC, no differences were noted for ENT compared with PLC in both total and EF population [table1]. 
Conclusions: Similar to total study population, the ‘early-fluctuators’ patients’ and clinicians’ perception of 
improvement was significant for opicapone in comparison to placebo or entacapone in this post-hoc analysis. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 
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190 
Opicapone odds ratio in relative OFF-time reduction: a post-hoc analysis from combined BIPARK-I and II 
data 
J. Rocha, W. Poewe, O. Rascol, A. Lees, J. Ferreira, A. Santos, D. Magalhães, P. Soares-da-Silva (Coronado, 
Portugal) 
Objective: To evaluate the opicapone (OPC) associated patient’s odds ratio (OR) in relative OFF-time reduction. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1], [2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post hoc analysis was performed 
evaluating the associated patient’s OR in relative OFF-time reduction, in each treatment group, at different cut-offs, 
namely >=25%, >=50%, >=75% and 100% (OFF-time free). Statistical analysis was performed by a pairwise 
Cochran-Mantel-Haenszel test stratified by study. 
Results: In total, 535 patients were randomized; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg 
(n=262)]. The proportion of OFF-time responders for 50mg-OPC was higher than placebo for all different cut-offs, 
reaching statistical significance for both >=25 (p=0.0002) and >=50% (p=0.0223) relative OFF-time reduction. PLC 
proportion of responders ranged from 38.0% (>=25%) to 4.7% (100%). OPC-50mg proportion of responders ranged 
from 54.6% (>=25%) to 8.0% (100%) and presented an OR to placebo ranging from 1.94 (>=25%) to 1.75 (100%). 
Conclusions: OPC 50 mg once-daily was associated with significant improvements of motor fluctuations across a 
range of responses considered clinically meaningful and with 75% increased odds of becoming OFF-time free in 
relation to placebo. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

191 
Symptomatic treatment of hereditary spastic paraplegias with fampridine: a pilot study 
M. Rosário, J. Ferreira, J. Ferro, L. Guedes (Lisbon, Portugal) 
Objective: Study the effect of fampridine in gait outcomes in patients with hereditary spastic paraplegia (HSP). 
Background: Fampridine acts through blockade of voltage-gated potassium channels, improving action potential 
conduction in demyelinated axons. It is approved for treatment of gait disturbances in patients with multiple 
sclerosis (MS). Hereditary spastic paraplegias are a heterogenous group of disorders with corticospinal axonal 
degeneration leading to gait disturbances. Scarce published data suggest fampridine might be beneficial in HSP. 
Methods: Prospective, uncontrolled, open trial. Patients were prescribed oral fampridine 10mg bid for 6 months. 
Gait evaluation with the Timed-25-Foot-Walk (T25FW) test and a 7-point Likert scale for gait improvement were 
done. The first examination was done at inclusion date and then at day 15, 1 and 6 months after treatment was 
started. Fampridine safety was assessed clinically and through routine lab tests. All patients provided informed 
consent. 
Results: 11 patients were included between March 2017 and January 2019, and 7 completed the study. Four 
(57,1%) were male, with mean age of 43 years. Five patients had a genetic mutation identified (SPG4, SPG11, 
SPG28) and 71% were on anti-spastic medication. There was an improvement in the T25FW after introduction of 
fampridine: from mean 9,82 seconds (s) at first evaluation to 8,62s (12,2% improvement), 8,05s (18%) and 6,92s 
(29,5%) at day 15, 1 month and 6 moths, respectively. Median Likert scale at 6 months showed moderate 
improvement (ranging from slight to significant improvement). Four patients interrupted the trial due to feeling of 
inefficacy (2) or comorbidities (2). Seven adverse events were reported. 
Conclusions: Despite study limitations, our results suggest a possible beneficial effect of this drug. Fampridine may 
be a new option for symptomatic treatment in HSP, but controlled, double blind clinical trials are necessary. 
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192 
Addition of Opicapone to Safinamide in Parkinson’s Disease patients 
M. Russo, C. Carrarini, F. Dono, M. Di Pietro, M. Rispoli, L. Ferri, M. Onofrj (Chieti, Italy) 
Objective: To assess safety and efficacy of Opicapone in patients treated with Levodopa and Safinamide presenting 
early morning “off” states and akinesia. 
Background: Safinamide is a recently introduced Monoamine Oxidase B (MAO-B) inhibitor, used in Parkinson’s 
disease (PD) patients, especially with prominent motor fluctuations or painful dystonia. 
Opicapone, a novel Catechol-O-Methyltransferase (COMT) inhibitor, has been approved in Italy since autumn 2018 
as add-on therapy to extend Levodopa effect duration. There is no clinical experience of add-on therapy with both 
drugs in PD patients. 
Methods: 56 patients with diagnosis of idiopathic PD, according to MDS criteria, were enrolled (29 males, 
51.79%). Mean age was 71±3 years. Mean Levodopa Equivalent Dose (LED) was 412±28 mg daily. Mean 
Safinamide Equivalent Dose (SED) was 100±42 mg daily, typically administered in the early morning to improve 
daily motor fluctuations. 
Opicapone therapy was added after 96±12 days of stable Levodopa and Safinamide treatment. Opicapone 
Equivalent Dose (OED) was 50 mg daily, administered in the evening to prevent early morning akinesia and “off” 
states. 
Motor performance, dyskinesias and dystonias were evaluated with Movement Disorder Society-Unified Parkinson's 
Disease Rating Scale (MDS-UPDRS). EQ-5D 3 level version (EQ-5D-3L) and Clinical Global Impression (CGI)-
Improvement scale were also administered. Morning akinesia presence and duration was also investigated. 
Results: A 42±12 minutes mean decrease of “Off” states duration was observed in this cohort. A MDS-UPDRS 
dyskinesia score (4.1 and 4.2 items) increase of 1.3±0.5 points was also reported, but LED adjustment with 10.5% 
reduction lead to improvement of the symptom. Morning akinesia resolution has been observed in 10 patients. 
Furthermore, 18 patients (32.14%) showed no clinical variations after Opicapone addition to Safinamide and 
Levodopa therapy, whereas 38 patients (67.86%) had clinical improvement at CGI-I. Only mild side effects were 
reported: insomnia in 2 patients, requiring Opicapone treatment withdrawal; daily sleepiness in 1 patient, xerostomia 
in 1 patient. No severe side effects, nor relevant gastrointestinal and hepatic adverse reactions were present. 
Conclusions: Opicapone can be safely added in patients treated with Safinamide. The improvement was cross-
related with daily LED, thus suggesting that the improvement was mostly related to Levodopa availability. 

193 
Vortioxetine treatment of depression in Parkinson’s disease 
M. Russo, C. Carrarini, F. Dono, L. Ferri, M. Di Pietro, M. Onofrj (Chieti, Italy) 
Objective: To assess efficacy and safety of Vortioxetine in Parkinson’s Disease (PD) patients affected by 
depression and its effects on motor performance. 
Background: Depression is one of the most common non-motor symptoms in PD patients, with a reported 
prevalence of 30–40% overall. It is associated with rapid progression of motor and cognitive symptoms, as well as 
with worse quality of life. 
Vortioxetine is an antidepressant drug, acting as multimodal regulator of serotonin trasmission. Several types of 
antidepressants are currently available to treat PD-associated depression (dPD). Nevertheless, no previous studies 
were carried out to assess the effects of Vortioxetine in dPD. 
Methods: A total of 150 dPD patients (68 females) without prominent motor fluctuations, and with stable Levodopa 
treatment, were enrolled. Depression was diagnosed using Diagnostic and Statistical Manual of Mental Health 
Disorders, 5th Edition (DSM-5) criteria. All patients underwent a neuropsychological assessment with Hamilton 
Depression Rating Scale (HDRS) and Movement Disorder Society-Unified Parkinson's Disease Rating Scale (MDS-
UPDRS). Patients received Vortioxetine 5 mg daily for a week, then 96 patients received 10 mg daily. In the other 
54 patients, due to more severe depression, Vortioxetine dose was increased to 20 mg daily for 60 days, then 
reinstated to 10 mg daily. A three months clinical and neuropsychological follow-up was then carried out. 
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Results: In this cohort, mean baseline scores were: MDS-UPDRS 19±5; HDRS 18±6. After three months of 10 mg 
daily Vortioxetine treatment, patients showed improvement of HDRS score (8±5), as well as patients treated with 20 
mg dose (HDRS score: 7±6). MDS-UPDRS scores were not significantly modified by the therapy in both groups. 
No severe side effects were reported. 
Conclusions: Our findings suggest that Vortioxetine improves depression severity in dPD patients, without 
significant worsening of motor symptoms. Moreover, Vortioxetine was proved to have a remarkable safety profile. 

194 
Influence of demographic characteristics in the efficacy response of Parkinson’s disease patients with motor 
fluctuations: post-hoc analysis from combined BIPARK-I and II. 
A. Santos, J. Ferreira, A. Lees, H. Reichmann, W. Poewe, F. Ikedo, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of demographic characteristics in the efficacy response of levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations. 
Background: Opicapone (OPC), a once-daily COMT inhibitor, proved effective in the treatment of motor 
fluctuations in PD patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post-hoc analysis was performed to 
evaluate the influence of demographic characteristics [i.e., age, gender, race (Caucasian vs. Asian), weight and Body 
Mass Index (BMI)] in efficacy outcomes (i.e., change from baseline in OFF-/ON-time). Linear regression was 
applied and the slope was statistically tested for deviation from zero. 
Results: In total, 1027 patients were randomized to BIPARK-I and II and 522 patients took a dose of study 
medication; Full Analysis Set comprised 517 [PLC (n=255); OPC-50mg (n=262)]. Neither OFF- nor ON-time 
magnitude of responses were influenced by age, gender, race, weight and BMI at baseline. Linear regression applied 
was found to be non-significant for both treatment arms and all variables analyzed. 
Conclusions: Demographic characteristics (i.e., age, gender, race, weight and BMI) do not appear to impact either 
OFF- or ON-time magnitude of responses in a clinical study setting. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

195 
Influence of motor fluctuations duration, levodopa dose and duration of use in efficacy responses of 
Parkinson’s disease patients: post-hoc analysis from combined BIPARK-I and II. 
A. Santos, A. Lees, J. Ferreira, O. Rascol, A. Antonini, F. Ikedo, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of motor fluctuations (MF) duration, levodopa dose and levodopa duration of use 
(LDU) in efficacy responses of levodopa-treated Parkinson’s Disease (PD) patients with MF. 
Background: Opicapone (OPC), a once-daily COMT inhibitor, proved effective in the treatment of MF in PD in 
two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. Studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. This post-hoc analysis assessed influence of MF 
duration (years), levodopa dose (mg) and LDU (years) in efficacy outcomes (OFF-/ON-time change from baseline). 
Applied linear regression’s slope was statistically tested for deviation from zero. 
Results: 1027 patients were randomized to BIPARK-I and II; Full Analysis Set comprised 517 [PLC (n=255); OPC-
50mg (n=262)]. Due to lack of matched-patients, four OPC-50mg patients (MF >12 years) were excluded from MF 
analysis and two PLC (<1 year) and five OPC-50mg (>18 years) patients were excluded from LDU analysis. Mean 
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baseline values were 2.4 (PLC) to 2.5 (OPC-50mg) years of MF, 696mg (PLC) to 698mg (OPC-50mg) of levodopa 
and 6.4 (PLC) to 6.0 (OPC-50mg) years of use. OFF-/ON-time magnitude of responses was not influenced by any 
parameter. Linear regression was non-significant for each arm and variables analyzed. 
Conclusions: MF duration, levodopa dose and LDU do not appear to impact OFF-/ON-time magnitude of responses 
in a clinical study setting. 
References: [1] Ferreira et al., Lancet Neurology 2016;15(2):154-165. [2] Lees et al., JAMA Neurol. 
2017;74(2):197-206. 

196 
Influence of baseline OFF-time in the efficacy response of Parkinson’s disease patients with motor 
fluctuations: post-hoc analysis from combined BIPARK-I and II 
A. Santos, J. Ferreira, A. Lees, H. Reichmann, W. Poewe, F. Ikedo, D. Magalhães, J. Rocha, P. Soares-da-Silva 
(Coronado, Portugal) 
Objective: To evaluate the impact of baseline OFF-time on the efficacy of opicapone (OPC) in levodopa-treated 
Parkinson’s Disease (PD) patients with motor fluctuations. 
Background: OPC, a once-daily COMT inhibitor, proved effective in the treatment of motor fluctuations in PD 
patients in two large, pivotal, multinational trials (BIPARK-I and II) [1],[2]. 
Methods: Patient-level data from matching treatment arms in BIPARK-I and II were combined in placebo (PLC) 
and OPC-50mg groups. The studies had similar designs (primary efficacy endpoint: change from baseline in patient 
diaries-based absolute OFF-time) and eligibility criteria [1],[2]. An exploratory post-hoc analysis was performed to 
evaluate the influence of baseline OFF-time in efficacy outcomes (i.e., change from baseline in OFF-/ON-time). 
Linear regression was applied and the slope was statistically tested for deviation from zero. 
Results: 1027 patients were randomized to BIPARK-I and II; 522 patients took a dose of study medication; Full 
Analysis Set comprised 517 [PLC (n=255); OPC-50mg (n=262)]. As expected, both treatments arms presented the 
same increased dependent tendency for OFF-/ON-time at endpoint, i.e., the longer OFF-time at baseline the greater 
magnitude of response at endpoint (ending in a linear regression slope statistically significant). When OFF-time at 
endpoint was ‘normalized’ as % of change in relation to baseline, the linear regression slope was found non-
significant for both treatment arms, though the increased dependent tendency was still found. 
Conclusions: Baseline OFF-time appears to impact the magnitude of both OFF- and ON-time responses in a clinical 
study setting. 
References: [1] Ferreira et al., Lancet Neurology 2016; 15(2):154-165. [2] Lees et al., JAMA Neurol. 2017; 
74(2):197-206. 

197 
Preclinical Development of a Novel Carbidopa/Levodopa Precision Olfactory Delivery (POD®) Drug-Device 
Combination Product for the Treatment of OFF Episodes in Parkinson’s Disease 
K. Satterly, G. Davies, B. Gajera, J. Wright, H. Lin, S. Muppaneni, K. To, S. Shrewsbury, J. Hoekman (Seattle, WA, 
USA) 
Objective: This series of preclinical studies of novel levodopa and carbidopa/levodopa powder formulations 
delivered by the POD device to rats and non-human primates (NHP) guided the first dose ranging and 
pharmacodynamic study in PD patients of a drug-device combination product for treatment of OFF episodes. 
Background: Levodopa has been the “platinum” standard PD treatment for > 50 years.1 As PD advances, levodopa 
benefits become increasingly sensitive to change in systemic concentrations resulting in motor fluctuations (OFF 
episodes). Literature reports suggest the levodopa plasma concentration increase required to switch from OFF to ON 
is 200 to 400 ng/mL. Powder formulations of levodopa and carbidopa/levodopa are in development to deliver to the 
vascular-rich upper nasal cavity with POD technology, allowing self- or caregiver administration, to achieve 
consistent and rapidly effective treatment to relieve OFF episodes. 
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Methods: Powder levodopa and carbidopa/levodopa formulations were designed and manufactured for POD device 
delivery and evaluated by analytical methods including HPLC, X-ray diffraction, differential scanning calorimetry, 
and device compatibility. The PK of lead formulations was evaluated in rat and NHP using species specific POD 
devices. 
Results: Over 50 formulations were manufactured, and 30 formulations were assessed in vivo. PK assessment 
focused on comparing time to achieve 400 ng/mL plasma levodopa, Tmax, and Cmax. Lead formulation candidates 
resulted in concentrations of 400 ng/mL within 5-12 min in NHP, a 3 to 5-fold improvement compared to 
unformulated levodopa. Median Tmax occurred between 30-60 min with Cmax values exceeding 1,000 ng/mL. 
Conclusions: POD delivery of optimized novel powder formulations of levodopa and carbidopa/ levodopa resulted 
in improved PK in preclinical models. This work has led to the selection and further evaluation in a Phase 2A 
clinical study. 
References: 1. LeWitt PA. Levodopa therapy for Parkinson’s Disease: Pharmacokinetics and Pharmacodynamics. 
Movement Disorders 2015; 30: 64-72. 2. Obeso JA et al. Levodopa motor complications in Parkinson’s disease. 
Trends in Neuroscience, 2000, 23 (Suppl.): S2-7. 3. Lipp MM et al. Preclinical and clinical assessment of inhaled L-
dopa for OFF episodes in Parkinson’s disease. Science Translational Medicine, 2016, 8, 360ra136. 

198 
Transcranial Direct Current Stimolation (tDCS) on PD Patients with Freezing of Gait: Preliminary Findings 
S. Scalise, G. Di Lazzaro, M. Alwardat, N.B. Mercuri, M. Patera, G. Saggio, T. Schirinzi, A. Pisani (Rome, Italy) 
Objective: The primary endpoint of this study was to evaluate the effect of a transcranial direct current stimulation 
(tDCS) protocol with anodal stimulation of the left the dorsolateral prefrontal cortex (DLPFC) in patients with 
Parkinson's disease presenting freezing of gait (FOG). 
Background: Freezing of gait (FOG) is one of the most disabling and poorly understood complication of 
Parkinson’s disease (PD). Several lines of evidence suggest that FOG is not only a motor problem, but also arises in 
part because of deficits in executive function, a cognitive domain mediated by the dorsolateral prefrontal cortex 
(DLPFC). Overtime, these symptoms may become refractory to both pharmacological and non-pharmacological 
treatments. Transcranial direct current stimulation (tDCS) is a low-cost, noninvasive neuromodulatory technique, 
currently considered a valuable option to fill the therapeutic gaps in PD . 
Methods: This study involved PD patients presenting FOG. They underwent 20 minutes of electric current of 2mA 
on 10 separate visits (5 in a week) using a pair of large sponges soaked in saline solution. Unified Parkinson’s 
Disease Rating Scale pars 2 and 3 (UPDRSII-III), Hoehn and Yahr (H&Y), New Freezing of Gait Questionnaire (N-
FOGQ), Berg Balance Scale (BBS) were performed at baseline (T0), after last stimulation (T1) and at one month 
follow-up (T2). Moreover, kinematic parameters of gait abnormalities were measured by means of wearable devices 
(MOVIT G1®) in order to obtaining an objective and reproducible evaluation. 
Results: Our preliminary results obtained from a limited cohort of patients demonstrate a significant clinical 
improvement. Each evaluation scale demonstrate a benefit from our tDCS protocol, both between T0-T1 and 
additional improvement at T2. Specifically, disturbance of balance and the severity of FOG episodes showed the 
best outcome (+15% at BBS and -17% at N-FOGQ). 
Conclusions: Coherently with the hypothesis that cognitive executive circuit plays a role in FOG, we may consider 
anodal tDCS of the DLPFC as a potential adjunctive therapy in PD patients with FOG. 
References: Valentino F, Cosentino G, Brighina F, Pozzi NG, Sandrini G, Fierro B, Savettieri G, D'amelio M, 
Pacchetti C. Transcranial direct current stimulation for treatment of freezing of gait: A cross‐over study. Movement 
Disorders. 2014 Jul 1;29(8):1064-9. Dagan M, Herman T, Harrison R, Zhou J, Giladi N, Ruffini G, Manor B, 
Hausdorff JM. Multitarget transcranial direct current stimulation for freezing of gait in Parkinson's disease. 
Movement Disorders. 2018 Apr;33(4):642-6. Lattari E, Costa SS, Campos C, de Oliveira AJ, Machado S, Neto GA. 
Can transcranial direct current stimulation on the dorsolateral prefrontal cortex improves balance and functional 
mobility in Parkinson’s disease?. Neuroscience letters. 2017 Jan 1;636:165-9. Das S, Trutoiu L, Murai A, Alcindor 
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D, Oh M, De la Torre F, Hodgins J. Quantitative measurement of motor symptoms in Parkinson's disease: a study 
with full-body motion capture data. Conf Proc IEEE Eng Med Biol Soc. 2011;2011:6789-92. 

199 
Safety of Bone marrow-derived Allogeneic Mesenchymal Stem Cells in Parkinson’s disease Patients 
M. Schiess, J. Suescun, T. Ellmore, M.F. Doursout, E. Furr -Stimming, Z. Mei, A. Gee (Houston, TX, USA) 
Objective: Prove safety and tolerability of allogeneic mesenchymal stem cells (MSC) purified from bone marrow 
derived from a healthy adult and delivered intravenously in escalated doses to patients with idiopathic Parkinson’s 
disease (PD). 
Background: Chronic neuroinflammation plays a critical role in PD degeneration. MSC exert regenerative and 
immunomodulatory effects through paracrine and exosome action, by releasing neurotrophic factors, chemokines, 
cytokines and maintaining immune homeostasis within the neuronal-glial microenvironment. 
Methods: 20 Subjects, 45- 78 years old who met the UK Brain Bank criteria for idiopathic PD (OFF state H&Y of ≤ 
3) received one of four IV doses of MSC: 1, 3, 6 or 10 x106 MCS/kg of body weight at CRU, each cohort consists 
of 5 subjects. The primary outcome of safety is defined as the absence of transfusion reactions, adverse events or 
organ damage and secondary outcomes by therapy impact on PD progression. 
Results: There was no serious adverse reactions in the first 24hrs after a single IV infusion for the 20 subjects; 3 
patients had an adverse event (superficial phlebitis, headache, and mild neck pain) during the 24hrs post infusion. At 
6-month follow up the most common side effects were hypertension, arthralgia, and nausea (5 patients, 25%). 
Baseline demographic characteristics in Table 1. 
Multiple pro-inflammatory molecules significantly decrease over time a) TNF-α levels diminished at 12 wks (33%) 
and 24 wks (50%); b) MCP-1/CCL-2 and MDC/CCL-22, declined at 12 wks (35%) and 24 wks (48%); and c) IL-9 
levels fell at 12 wks (60%) and 24 wks (67%); Figure 1. BDNF increased significantly following MSC infusions at 
3wks (340%), 12 wks (140%) and 24 wks (20%), Figure 2. 
All 20 patients sustained motor improvement (off state) in UPDRS-III, and UPDRS-Total; Figures 3 & 4. 
Conclusions: Preliminary findings from this ongoing Phase I study demonstrate that allogeneic MSC infusions 
appear to be safe and well tolerated at dosages that range from 1 to 10 X 106 MCS/kg in subjects with mild to 
moderate PD. Our preliminary results warrant the completion of the study and a subsequent phase 2 RCT should 
determine the efficacy and the right interval/duration of effect of multiple infusions of 10 X 106 MCS/kg. An anti-
inflammatory effect with a reduction of chemo-attractive molecules and a significant increase in BDNF levels 
follows MSC infusions, which may indicate a mechanism of action. 
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200 
3 Year QoL Results for PD Patients Receiving DBS: Product Surveillance Registry 
M. Schiess, S. Palfi, J. Azulay, A. Lopez Rios, H. Xiong, K. Sandberg, J.K. Krauss (Houston, TX, USA) 
Objective: Summarize improvement in quality of life (QoL) by comparing scores from the EQ-5D questionnaire, 
five level response version (EQ-5D-5L) summary index and visual analog scale (EQ-VAS) obtained for deep brain 
stimulation (DBS) therapy-naive PD patients from baseline through 3 years post-implant. 
Background: EQ-5D index is a standardized, generic (disease non-specific) self-reporting instrument to evaluate 
the impact of treatment on health related QoL. When compared to disease specific instruments (e.g. PDQ-39 and 
SF-36), the EQ-5D-3L was a valid instrument to measure QoL in PD[1]. Our study continues to evaluate the 
effectiveness of DBS therapy for PD as measured by the EQ-5D-5L summary index and EQ-VAS in a large, global 
real-world population. 
Methods: The Product Surveillance Registry (PSR) is a prospective, long-term, multi-center registry originated for 
DBS in 2009 and represents data collected on over 2500 patients in the USA, Europe and Latin America. The EQ-
5D-5L questionnaire was added to the PSR in 2013 and includes domains of mobility, self-care, usual activities, 
pain/discomfort, anxiety/depression. Analyses of the EQ-5D index value used the England value set, which ranges 
from 1 (best health state) to -0.285 (worst health state)[2]. The EQ-VAS assesses health state from 0 (worst health) 
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to 100 (best health you can image) on the day of the visit. Within patient changes from baseline through 3 years 
were tested using the Wilcoxon signed rank test. 
Results: A total of 332 therapy-naïve PD patients with at least one paired EQ-5D score available sometime between 
baseline and 3 years post-implant were included. Mean age at enrollment was 62.8 ± 8.9 years and 69.6% were 
male. Mean years from disease onset to DBS implant was 10.2 years ± 4.7 years. As shown in Tables 1-2, EQ-5D-
5L summary index scores improved 0.126 (p<. 0001) at first follow-up (either 6 or 12-month), 0.092 at 2-years (p<. 
0001), and 0.069 at 3-years (p=0.004). The EQ-VAS improved 11.9 units during the first follow-up, 10.3 at 2 years, 
and 7.2 at 3 years. The minimally important difference (MID) in the EQ-5D index score using the scoring algorithm 
has been estimated at 0.037[3]. [table 1] [table 2] 
Conclusions: Results from the PSR demonstrated significant improvement in EQ-5D index score and VAS at 1, 2, 
and 3 years post-implant. Future analysis may evaluate the impact of DBS earlier or later in the treatment course on 
quality of life. 
References: 1. Schrag A,Selai C, Jahanshahi M, Quinn NP. The EQ-5D - a generic quality of life measure-is a 
useful instrument to measure quality of life in patients with Parkinson's disease. JNNP 2000; 69:67-73. 2. Devlin N, 
Shah K, Feng Y, Mulhern B, van Hout B. Valuing health-related quality of life: an EQ-5D-5L value set for England. 
Health Econ. 2018;Jan27(1):7-22. 3. McClure NS, Al Sayah F, Xie F, et al. Instrument-defined estimates of the 
minimally important difference for EQ-5D-5L index scores. Value in Health 2017;20:644-50 
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Directional versus omnidirectional Deep Brain Stimulation for Parkinson’s disease: Results of a prospective, 
blinded, multi-center, single-arm crossover study 
A.S. Schnitzler, P.M. Mir, M.B. Brodsky, L.V. Verhagen, S.G. Groppa, B.C. Cheeran, E.K. Karst, F.D. Defresne, 
J.V. Vesper (Düsseldorf, Germany) 
Objective: To evaluate the efficacy of directional Deep Brain Stimulation (DBS) by assessing the therapeutic 
window for directional versus omnidirectional stimulation. 
Background: Directional leads for DBS have four ring electrodes, with the two middle rings divided into three 
segments. The Infinity DBS system (Abbott) delivers conventional omnidirectional stimulation to all three segments 
of the ring, or directional stimulation to only one or two segments. PROGRESS is the first large, prospective, 
multi-center study conducted to evaluate safety and clinical performance of directional DBS. 
Methods: Directional and omnidirectional stimulation were compared in 66 subjects receiving DBS in the 
subthalamic nucleus for Parkinson’s disease. The primary endpoint was the difference in therapeutic window for 
directional vs. omnidirectional stimulation assessed by a blinded reviewer at the 3-month follow-up visit. Subjects 
were programmed with omnidirectional stimulation for 3 months, followed by directional for 3 months and blinded 
to stimulation type for the first 6 months. Additional endpoints included subject and clinician preference at 6 months 
after receiving both omnidirectional and directional stimulation, therapeutic current strength and UPDRS part III 
motor score. 
Results: The primary endpoint was evaluated in 66 subjects (32% female, 63±9 years). There was a wider TW for 
directional stimulation in 59 of 66 subjects (89.4%), compared to just 3 of 66 subjects (4.5%) who had wider TW on 
both leads with omnidirectional stimulation. Single-segment activation produced wider TW than omnidirectional 
stimulation in 56 of 66 subjects (84.8%). Mean TW was 35% wider with directional stimulation (3.00±1.39 mA vs. 
2.22±1.27 mA), and therapeutic current strength was reduced by 30% using the optimal directional configuration. 
UPDRS part III motor score off medication was reduced by 39.4% with stimulation at the 3-month visit and 40.6% 
at the 6-month visit (p<0.001 for both comparisons). Over 4 times as many clinicians and 2 times as many subjects 
preferred the period using directional stimulation. 
Conclusions: PROGRESS met the primary endpoint for superiority, with 89.4% of subjects (59 of 66) having a 
wider TW using directional DBS stimulation. This international prospective blinded crossover study is the largest 
clinical study of directional DBS to date. 
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202 
Does Gait in Real Life differ between People with Parkinson’s Disease and Healthy Controls? 
V. Shah, J. McNames, C. Curtze, M. Mancini, P. Carlson-Kuhta, J. Nutt, M. El Gohary, F. Horak (Portland, OR, 
USA) 
Objective: We investigated whether: 1) gait in daily life differs in people with Parkinson’s disease (PD) compared 
to healthy controls (HC), and 2) the length of the gait bout influences such difference. 
Background: Wearable technology has the potential to quantify mobility function outside the laboratory during 
daily life. Measures of walking abilities in a natural environment are thought to reflect functional mobility better 
than a single test in the clinic, where increased attention could enhance motor performance. Research in the past 
decade has been focusing on this topic, but when measuring walking at home, it is still unclear whether to include all 
bouts or to select gait bouts of particular lengths, when comparing the quality of gait between groups. 
Methods: We recruited 17 people with a mild-moderate idiopathic PD (66.2±4 years), and 19 age-matched HC 
subjects (67±7.4 years) to date. Subjects wore 3 inertial sensors (Opals, APDM) attached to both feet and the lumbar 
region for 7 days of continuous monitoring. A gait bout was defined as walking bouts of at least 3 consecutive steps, 
a minimum duration of 3 seconds and a step-to-step duration of no longer than 2.5 seconds. We derived a total of 60 
gait metrics, including mean and coefficient of variability (CV) of each gait metric. We categorized each bout into 
four sizes based on a number of strides:  small (1-10 strides), medium (11-30 strides), large (31-60 strides) and very 
large (>60 strides) bouts, respectively. We calculated the ‘effect size’ to separate PD from control gait 
characteristics using Cohen’s d. 
Results: The majority (>85%) of the detected gait bouts were of small and medium size, reflecting natural behavior 
in daily life for people with PD and HC.  The number of metrics with the large effect size (>0.8) to separate PD from 
HC gait was 22/60 for the small bouts, 9/60 for the medium bouts, 15/60 for the large bouts, and 15/60 for the very 
large bouts. Further, most gait metrics with large effect size were related to the variability of gait, such as CV of 
stance time, pitch of the foot at toe-off, and single limb support time. 
Conclusions: Our preliminary findings suggest that small, large, and very large gait bout size were more impaired in 
PD compared to HC. Further investigation of the effects of bout size on a large dataset is required to understand 
mobility in daily life and to use as outcome measures for clinical trials. 

203 
Parkinson’s disease and intermittent hypoxia training: beneficial or harmful? 
M. Sharifi-Bonab, J. Sesink, B. Bloem, D. Devos, J. Deguil, C. Moreau (Nijmegen, Netherlands) 
Objective: To systematically review the scientific evidence for beneficial or harmful effects of intermittent hypoxia 
that were used in Parkinson’s disease (PD) in clinical and preclinical studies and exploring the underlying bio-
mechanisms. 
Background: Intermittent hypoxia training (IHT) is a promising new approach to offer symptomatic relief or even 
disease modification of PD. Anecdotal reports suggested a short-lasting beneficial effect of hypoxia in PD, but 
hypoxia can potentially be harmful too. 
Methods: A literature search was performed in PubMed/MEDLINE, covering publications up to February 2019. 
Supplementary searches were performed in Google Scholar and Web of Science, and additional relevant articles 
were obtained from the reference lists of identified papers. Excluded studies had one or more of the following 
exclusion criteria: not written in English, Carbon monoxide intoxication, describing the effect of hypoxia solely on 
diseases other than PD, or studies related to the effect of oxygen-glucose deprivation that is seen in stroke, cardiac 
arrest, accidents or artificially induced ones (i.e., arterial occlusion). Included articles focused on the effect of pure 
hypoxia in patients with PD, in animal model of PD and in vitro cell models of PD. 
Results: 405 articles were identified then abstracts of these articles were screened on relevance. For articles that 
were identified as relevant (90 articles), a full text analysis was performed. Beneficial effects of IHT appear from 
hypoxic preconditioning, and potentially have disease-modifying effects by tackling the underlying pathogenesis. 
Conversely, harmful effects of IHT may result from induced oxidative stress and neuroinflammation. Whether IHT 
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evokes beneficial or harmful effects seems to be primarily dependent on the dose and duration of the treatment 
protocol. Based on exploration of existent evidence, in this review, for the first time we proposed specific IHT 
protocol that could be used in future clinical trials.   
Conclusions: Use of IHT as a new treatment tool in PD is promising. Future RCTs are needed to fully explore its 
potential effects in PD patients. 

204 
Evaluating the Inappropriate Use of Antipsychotics in Parkinson’s Disease Psychosis Patients Within Large 
National US Healthcare Databases 
A. Shim, V. Abler, N. Rashid (San Diego, CA, USA) 
Objective: To identify Parkinson’s disease psychosis (PDP) treatment characteristics from an aggregate of US 
national insurer and Medicare databases. 
Background: Treatment of psychotic symptoms associated with Parkinson’s disease (PDP) has traditionally been 
poor and limited to antipsychotics (APs) that may or may not be effective. Atypical APs (aripiprazole [ARI], 
clozapine, quetiapine [QUE], risperidone [RIS], olanzapine [OLZ]) are used off label without regard to 
inappropriateness in PD and advanced age. 
Methods: Retrospective analyses was conducted using 2 different databases with different time study periods: 20% 
random sample of Medicare Fee-For-Service (FFS) 2007-2015 and a US national insurer consisting of majority 
Medicare advantage with Part D (MAPD) 2015-2017 enrollees. Patients were aged ≥18 years with PDP diagnosis 
and had ≥1 pharmacy fill for an AP (index date). Primary objectives of each study were different but use of APs was 
characterized, and for the national insurer sample, age was stratified to see which APs were being used within 
various age groups. 
Results: In the 20% Medicare FFS, 527 patients were treated with any AP after PDP index date during follow-up: 
n=412 QUE (18.9%), n=111 RIS (5.1%), n=53 OLZ (2.4%), and n=22 ARI (1%). Within the insurer data (N=915), 
PDP patients were treated with: 62.8% QUE, 10.3% RIS, 8.6% OLZ, and 5.1% ARI, and because this was a more 
recent time period, 13.1% pimavanserin (PIM) was also captured. Analyses by stratification of age groups (<60 
years, 60-74, 75-84, and ≥85) showed that ARI (42.6%) was most frequently used in patients aged 60-74 years; 
QUE, RIS, and OLZ (≥40%) were most frequently used in patients aged 75-84 years, and 35.1% of RIS use was in 
patients aged ≥85. 
Conclusions: PDP patients were found to be treated with diverse off-label APs, irrespective of limited efficacy and 
potential safety issues such as risk of worsening parkinsonism. Another database of 100% Medicare FFS sample 
(2012-2015) also confirmed broad off-label AP use. Use of these APs are deemed potentially inappropriate based on 
advanced age and Parkinson’s. in contrast, PIM, the only US FDA-approved AP for treatment of hallucinations and 
delusions associated with PDP, provides an evidence-based alternative without risk of worsening motor function 
(1,2). 
References: 1. Ropper AH, Samuels MA. Chapter 39, Degenerative diseases of the nervous system. Adams and 
Victor's Principles of Neurology, 9th Ed. New York: McGraw-Hill Companies, Inc., 2009. 2. Chou KL. Clinical 
manifestations of Parkinson's disease. UptoDate. [Online] 2017. http://www.uptodate.com. 

205 
NILO-PD: A Phase 2A Study of Nilotinib in Patients with Advanced Parkinson's Disease: Study Design and 
Status Update 
T. Simuni, B. Fiske, K. Merchant, C. Coffey, H. Matthews, R. Wyse, P. Brundin, D. Simon, M. Schwarzschild, D. 
Weiner, J. Adams, C. Venuto, L. Trusso, L. Baker, M. Kostrzebski, T. Ward, G. Rafaloff (Chicago, IL, USA) 
Objective: To assess the safety and tolerability of nilotinib (150-300 mg once daily) in moderate/advanced 
Parkinson’s disease (PD). 
Background: Nilotinib is approved by the FDA for chronic myeloid leukemia but not for PD. Several cell and 
animal model studies suggest that nilotinib may reduce alpha-synuclein pathology in PD. A small open-label clinical 
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study tested the safety/tolerability of nilotinib in PD for the first time and reported that there were positive, though 
exploratory, signs of clinical benefits. 
Methods: NILO-PD is a Phase 2a randomized, double-blind, placebo-controlled, parallel group study. The study 
enrolled 76 participants with moderate to advanced PD. The participants were randomized 1:1:1 to a once daily dose 
of nilotinib (150 mg: 300 mg) or placebo for 6 months. The primary outcome is safety and tolerability. Secondary 
and exploratory outcomes include assessment of symptomatic effects of nilotinib, impact of nilotinib on progression 
of PD disability (MDS-UPDRS OFF/ON), cognitive function (DRS-2), quality of life, pharmacokinetics, and a 
battery of serum and spinal fluid biomarkers. Study design is presented in Figure [1]: 
Results: The study is conducted at 25 Parkinson Study Group (PSG) sites in US. Recruitment started in November 
2017 and was completed in December 2018. 125 participants were screened and 76 randomized (39.2% screen 
failure). Baseline characteristics of study participants are summarized by mean (standard deviation): 64.6 (7.5) years 
of age, 31.6% female, 54.7 (8.0) years at diagnosis, 9.9 (4.7) years disease duration, 66.4 (19.5) MDS-UPDRS OFF 
score, 48.3 (16.1) MDS-UPDRS ON score, 27.1 (2.2) MOCA score. The study is scheduled to complete subjects’ 
ascertainment in September 2019 and primary outcome results are expected by December 2019. 
Conclusions: This study will provide further information on safety/tolerability, dose selection and biomarkers of 
nilotinib as a potential novel symptomatic and disease-modifying therapy for PD, and determine if it is warranted to 
proceed with future studies in PD de novo population. 

 

206 
A Phase 3 study of isradipine as a disease modifying agent in patients with early Parkinson’s disease 
(STEADY-PD III): Final study results 
T. Simuni (Chicago, IL, USA) 
Objective: The efficacy of isradipine to slow progression of disability in de novo PD participants. 
Background: There remains no proven therapy to slow progression of Parkinson’s disease (PD). Isradipine, a 
dihydropyridine calcium channel antagonist, was shown to be neuroprotective in animal models of parkinsonism and 
safe and tolerable in previously completed Phase 2 study. 
Methods: STEADY-PD III is an NINDS funded Phase 3, parallel group, 36 months study evaluating the efficacy of 
isradipine 10mg daily versus placebo (1:1 randomization, ITT analysis) to slow progression of disability in de novo 
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PD participants. The study was conducted at 54 Parkinson Study Group sites in US and Canada. The primary 
outcome measure was the change from baseline in the Unified Parkinson Disease Rating Scale (UPDRS) Part I-III 
score measured in the ON state at month 36. Secondary outcomes include change in UPDRS-III in the OFF state, 
time to initiation and utilization of dopaminergic therapy, time to onset of motor complications, change in non-
motor disability and quality of life measures. 
Results: The study enrolled 336 participants between November 2014 -November 2015, the last participant 
completed the study November 20, 2018. The study retention rate was 95%. Baseline demographic and disease 
characteristics including age 62 (SD=9), 68% male, 0.9 (SD=0.7) years from PD diagnosis, UPDRS I-III score 
=23.1 (SD=8.6) were well balanced between groups. Adjusted (by ANCOVA) mean UPDRS I-III medications ON 
changes over 36 months were 2.99 points (isradipine) and 3.26 points (placebo) with treatment effect of 0.27 points 
(95% CL’s -2.5, 3.0, P =0.85). Key secondary outcomes showed no effect of isradipine treatment, Statistical 
adjustment for usage of symptomatic therapy did not affect the comparison. The most notable side effect of 
isradipine was edema. 
Conclusions: Isradipine 10 mg daily did not slow progression of disability in early PD. Secondary analysis is 
underway to explore biological and clinical correlates of disease progression in the study cohort. 

207 
The Effects of Apomorphine infusion on Head ptosis, a case report 
O. Skogar (Stockholm, Sweden) 
Objective: Sustained Effects of Apomorphine infusion on Head Ptosis, a case report 
Background: IntroductionHead ptosis (Hp) results from weakness of the neck extensor, or increased tone of the 
flexor muscles1. Hp can be caused by specific generalized neuromuscular diagnoses, MG, ALS or polymyositis. 
Sometimes Hp is seen in association with camtocormia.Definite pathophysiological diagnose is often not possible. It 
can be a part of PS with a reported prevalence of 3 to 17,6% 
Methods: Intermittent infusion with apomorphine (Daceptone™) showed  positive effects on  Hp and pump therapy 
16h/day was initiated. 
Results: Longstanding effects were seen >2 months, so far. 
Conclusions: Apomorphine infusion therapy can be considered in patients suffering from severe Head drop as a part 
of a parkinsonian syndrome. 
References: References: 1. Abe K, Uchida Y, Notani M. Camptocormia in Parkinson's disease. Parkinsons Dis. 
2010;2010. 2. Umapathi T, Chaudhry V, Cornblath D, Drachman D, Griffin J, Kuncl R. Head drop and 
camptocormia. Journal of Neurology, Neurosurgery &amp; Psychiatry. 2002;73(1):1. 3. Margraf NG, Wrede A, 
Deuschl G, Schulz-Schaeffer WJ. Pathophysiological Concepts and Treatment of 2015;122(6):835-9. 
Camptocormia. J Parkinsons Dis. 2016;6(3):485-501. 4. Mensikova K, Kaiserova M, Vastik M, Kurcova S, 
Kanovsky P. Treatment of camptocormia with continuous subcutaneous infusions of apomorphine: 1-year 
prospective pilot study. J Neural Transm (Vienna). 

208 
Impact of ND0612 on patient reported outcomes: A blinded rater study of 2 dosing regimens 
F. Stocchi, W. Poewe, S. Oren, R. Case, K. Kieburtz, C. Olanow (Rome, Italy) 
Objective: Primary analyses of this Phase 2 study have demonstrated significant efficacy of ND0612 in reducing 
OFF time and improving motor status. This secondary analysis evaluated the efficacy of two ND0612 dosing 
regimens (R1: 24 hours infusion & R2: 14 hours daytime infusion) on patient rated activities of daily living (ADL), 
and quality of life (QoL). 
Background: The presence of motor fluctuations and dyskinesia are well-established contributors to disability and 
poor quality of life in people living with Parkinson’s disease (PD). ND0612 is a drug-device combination that 
continuously delivers liquid Carbidopa/Levodopa Subcutaneous Solution (CLSS). 
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Methods: After one day of standard oral CD/LDtreatment, 38 subjects with fluctuating PD (mean age: 63.5 years; 
OFF-time 5.3 hours/day) were randomized to two ND0612 dosing regimens for 28 days: R1 (subcutaneous 
dailyCD/LDdose: 720/90 mg) or R2 (subcutaneous daily CD/LDdose: 538/68mg + morning oral 
dose CD/LD[150/15 mg]). Patient reported outcomes included the UPDRS Part II (ADL) at Day 28 and PD 
Questionnaire (PDQ-39) at Day 27.In addition, patients self-rated their impression of improvement at Days 3 and 
28. 
Results: After 28 days of treatment, UPDRS ADL scores significantly improved for patients in R1 (LS mean 
[95%CI] reduction from baseline: -2.9 [-5.4, -0.5] points, p=0.02) and trended towards improvement for R2 
(reduction of -1.9 [-4.2, 0.4] points, p=0.11). PDQ-39 scores also significantly improved for R1 (LS mean reduction: 
-7.51 [-12.93, -2.08] points, p=0.008) and trended towards improvement for R2 (reduction of -3.66 [-8.86, 1.54] 
points; p=0.16). Improvements in R1 were driven by 7 out of 8 PDQ-39 scales (mobility, ADL, emotional well-
being, stigma, social support, communication and bodily discomfort); the cognition scale remained 
unchanged. Overall, 74% of R1 patients and 53% of R2 patients self-reported improvements in their clinical status 
already at Day 3. At Day 28, 78% of R1 and 79% of R2 patients reported improvement. 
Conclusions: 24-hour levodopa infusion with ND0612 significantly improved patient ratings of ADL, QoL and 
overall clinical status. 

209 
A phase IIa trial studying the safety and tolerability of IRL752 in patients with Parkinson’s disease dementia 
P. Svenningsson, P. Odin, N. Dizdar, F. Bergquist, A. Johansson, D. Nyholm, K. Wictorin, J. Tedroff (Stockholm, 
Sweden) 
Objective: The primary objective was to investigate the safety and tolerability of IRL752 in PD patients with 
dementia in a randomized controlled trial. Secondary outcome measurements related to efficacy on cognitive, motor 
and emotional symptoms. 
Background: IRL752 is a novel small molecule compound which acts to enhance monoaminergic prefrontal 
cortical neurotransmission. It is developed as a potential treatment for symptoms and signs associated with cortical 
impairment in Parkinson’s disease (PD). 
Methods: PD patients with dementia were randomized to IRL752 or placebo treatment (3:1 ratio) for 4 weeks. 
Study drug was given as an adjunct treatment to the patients’ regular stable antiparkinsonian medication. Dosing 
was individually titrated for 14 days after which dosing was kept stable for an additional 14 days. 
Results: Thirty-two patients were randomized to treatment and 29 patients completed the four-week treatment. 
Adverse events were generally mild and transient and were mostly reported during the titration phase of the trial. 
There were two serious adverse events, none of the related to the experimental treatment. The average dose achieved 
in the stable dose phase was 600 mg daily, yielding a 2-hour post-dose plasma concentration of about 4 µM on Day 
28. Exploratory assessment for efficacy outcomes indicated that IRL752 treatment may improve apathy, executive 
function, postural and axial control, symptoms known to be unresponsive to L-dopa in patients with PD. 
Conclusions: IRL752 can be safely administered to patients with PD and dementia. Exploratory efficacy outcome 
measures indicate that IRL752 could be used to treat L-dopa unresponsive symptoms. These results will be of 
guidance for the design of further efficacy studies. 

210 
Spectrum of motor complications in advanced Parkinson’s disease: data from a large Romanian case series 
evaluated for suitability for device aided therapy 
J. Szász, V. Constantin, K. Orbán, L. Bancu, D. Georgescu, J. Szederjesi, A. Rácz, I. Mihály, S. Szatmári (Tirgu 
Mures, Romania) 
Objective: The objective was to describe the spectrum of motor complications in a large cohort of patients with 
advanced Parkinson’s Disease (APD) who received at least four times a day levodopa combined treatment, reported 
at least 2 hours off periods/day (without early morning akinesia), with or without dyskinesia and during on phase 

This article is protected by copyright. All rights reserved.



were in at least Hoehn-Yahr stage 3. The patients were repeatedly evaluated to establish the opportunity of device 
aided therapy (DAT). 
Background: Background: up to now there is no pragmatic, universally agreed on definition of APD nor a 
consensus regarding the maximal benefit that can be obtained with DAT. When motor complications, i.e. motor 
fluctuation and/or severe dyskinesia, cannot be controlled via peroral or transdermic treatments the patient should be 
guided to tertiary centers with expertise where multidisciplinary teams establish the suitability for DAT. 
Methods: Methods: We retrospectively reviewed all patients with APD evaluated in our department, Tirgu Mures 
University Teaching Hospital, between 1st June 2011 and 31st May 2017. We analyzed the particularities of motor 
complications based on anamnesis, referral or discharge letters, clinical evaluation and self-reported 24-hour diaries 
that are completed on 3 consecutive days prior to final evaluation. 
Results: Results: out of the 311 patients with APD considered initially, 286 were fully evaluated (147 men, 139 
women), with an average disease duration of 9.1±3.8 years (mean±SD). In this cohort the mean off period was 
3.6±1.3 hours/day. Also, 110 patients had 2.7±0.9 hours/day dyskinesia and out of them 44 presented diphasic 
dyskinesia (3±0.8 hours/day) too. Early morning akinesia was present in 187 cases (mean duration 2.3±1.5 years). 
We considered that we reached the therapeutic limits of classical medication in 125 cases and for these patients 
DAT is suitable. These patients had 4.7±1 hours/day off periods, 82 had peak dose dyskinesia (3±0.8 hours/day) out 
of which 44 patients had also diphasic dyskinesia (3±0.8 hours/day). 117 patients had early morning akinesia with a 
mean duration of 2.7±1.7 years. 
Conclusions: Conclusions: In evaluated patients that were considered suitable for DAT the severity of motor 
complications was in the upper end of the range found in other studies. We want to emphasize the relatively high 
rate of diphasic dyskinesias in our cohort. 

211 
A randomized, placebo-controlled, double-blind clinical study in Japan of Opicapone treatment for 
Parkinson’s Disease -Comfort-PD Study part 1 
A. Takeda, R. Takahashi, Y. Tsuboi, M. Nomoto, T. Maeda, A. Nishimura, N. Hattori (Sendai, Japan) 
Objective: To investigate efficacy and safety of two doses of Opicapone (OPC) compared to placebo administered 
once daily for 14 to 15 weeks to Japanese patients with Parkinson’s Disease (PD) presenting with end-of-dose motor 
fluctuations who were being treated with L-dopa/DCI. To verify the superiority of each OPC treatment compared to 
the placebo in terms of the primary endpoint, i.e., the change in OFF time from the baseline to the end of treatment 
period based on the ON/OFF time over 24 hours recorded in a patient diary. 
Background: OPC is a long-lasting COMT inhibitor that shows clinically sustained inhibition of COMT activity 
with once daily dosing. In Japan, OPC is being developed in a small tablet formulation, and this study is the first to 
investigate the efficacy and safety of OPC tablets in Japanese patients with PD. 
Methods: This study employed a multicenter, placebo-controlled, randomized, double-blind, parallel-group design 
and assessed patients with PD presenting with end-of-dose motor fluctuations who were being treated with L-
dopa/DCI. A screening period of up to 2 weeks and a subsequent treatment period of 14-15 weeks were utilized, and 
the treatment period also consisted of an L-dopa dose adjustment period of 2 to 3 weeks followed by an L-dopa 
fixed dose period of 12 weeks. Subjects were randomized to the placebo, OPC 25 mg, and OPC 50 mg groups at a 
1:1:1 ratio. Investigational drugs were administered once daily at bedtime during the treatment period. 
Results: A total of 437 patients were randomized to the placebo (n=147), OPC 25 mg (n=145) or OPC 50 mg 
(n=145) groups. The mean difference in OFF time from baseline to the end of the treatment period from the placebo 
was -44.68 minutes for the OPC 25 mg group and -37.47 minutes for the OPC 50 mg group, both of which were 
statistically significant (p=0.0145 and p=0.0392). A higher incidence of adverse events was observed for the OPC 
groups than the placebo group, but no difference was observed between OPC dose groups. 
Conclusions: The administration of both 25 mg and 50 mg OPC tablets once daily in combination with L-dopa/DCI 
showed good efficacy and safety profiles for Japanese patients with PD presenting with end-of-dose motor 
fluctuations. 

This article is protected by copyright. All rights reserved.



212 
An open-label, 1-year extension clinical study in Japan of Opicapone treatment for Parkinson’s disease -
Comfort-PD study part 2 
A. Takeda, R. Takahashi, Y. Tsuboi, M. Nomoto, T. Maeda, A. Nishimura, N. Hattori (Sendai, Japan) 
Objective: To investigate the safety and efficacy of continuous treatment with 50 mg Opicapone (OPC) for 1 year 
after treatment with a placebo, 25 mg or 50 mg of OPC in Japanese Parkinson’s Disease (PD) patients (pts) with 
end-of-dose motor fluctuation being treated with L-dopa/DCI. 
Background: This comfort-PD study consisted of 2 parts, a double-blind (DB) part where pts were administered a 
placebo, 25 mg or 50 mg of OPC, and an open-label (OL) extension part where pts received a 50 mg dose of OPC. 
OPC is a long-acting COMT inhibitor that shows clinically sustained inhibition of COMT activity with once daily 
dosing. This study was conducted to investigate the safety profile when a fixed OPC dose of 50 mg was 
continuously administered for 1 year to Japanese PD pts. 
Methods: All pts who completed the DB part could transfer to the OL part, and all transferred pts were given a 
fixed OPC dose of 50 mg and varying doses of L-dopa/DCI or anti-PD drugs based on individual response for 1 
year. Adverse events (AEs), including physical examinations, vital sign, laboratory tests and ECG, and the reduction 
in OFF time from the DB baseline, were evaluated for 1 year. 
Results: Total 391 pts were transferred to the OL part after completion of the DB part, and approximately 80% 
completed the 1-year study. AEs were reported in 338 (86.4%) pts; among these pts, adverse reactions (ADRs) 
related to the investigational drug were reported in 156 (39.9%) pts. Frequent AEs included epipharyngitis (16.9%) 
and dyskinesia (12.0%), but the most frequent ADR was dyskinesia (11.5%). Serious ADRs and ADRs leading to 
discontinuation were infrequent and occurred in 10 (2.6%) and 11 (2.8%) pts, respectively. 
The OFF time reduction was maintained over 1 year, and the mean change in OFF time from the DB baseline was -
106.68 minutes at 28 weeks of the OL part, and it was -101.89 minutes at 52 weeks. Of note, when switched from 
placebo to 50 mg of OPC, the OFF time sharply decreased. 
Conclusions: When a fixed 50 mg dose of OPC administered with a varying dose of L-dopa/DCI or anti-PD drugs 
to Japanese PD pts with end-of dose motor fluctuation, OPC was well tolerated for 1 year. Additionally, OPC had a 
lasting effect with a stable OFF time reduction. 

213 
Safety of Gocovri in Clinical Practice: One-year Post-launch Pharmacovigilance Data 
C. Tanner, R. Pahwa, V. Vandevoorde, K. Wehrman, R. Elfont (San Francisco, CA, USA) 
Objective: To assess the real-world safety profile of Gocovri® (amantadine) extended release capsules one year 
post-launch. 
Background: Gocovri received FDA approval in August 2017 for dyskinesia in Parkinson’s disease (PD), with full 
commercial launch in January 2018. Gocovri is dispensed through specialty pharmacies whose representatives 
contact patients by phone on a monthly basis. All potential adverse events (AEs) reported during these calls are 
considered solicited and entered into a database. 
Methods: First-year post-launch safety reporting for Gocovri was compared with the safety reporting in the phase 3 
clinical trials. 
Results: Post-launch adverse event (AE) rates were comparable to, and generally less than, AE rates in phase 3 
studies, with Hallucination the most frequently reported (17% post-launch vs 21% phase 3). The post-launch 
hallucination rate for Gocovri is consistent with the 15% rate estimated for immediate release amantadine in an 
authoritative review (Parkes, 1981). Six MedDRA AE terms were reported at ≥3% post-launch that had lower rates 
in phase 3, 2 PD related (Balance disorder 6%; Tremor 5%), 3 relating to overall energy/strength (Fatigue 7%, 
Somnolence 5%, Asthenia 3%) and 1 nonspecific (Feel Abnormal 3%). Clinically relevant AEs, observed at <3% in 
phase 3, included, Delusions, Paranoia, Suicidality, and Apathy; post-launch rates were 1, 0.4, 0.2, and 0.1%, 
respectively. No post-launch AEs of neuroleptic malignant-like syndrome were reported. Fatalities in phase 3 were 
too few to provide a basis for comparison, but post-launch rates were consistent with literature-reported rates in PD. 
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Most post-launch AEs showed an age-event relationship and were experienced by patients receiving 274 mg of 
Gocovri, irrespective of age. Preliminary investigations did not reveal any conspicuous associations between 
specific AEs and medical history or concomitant medications. 
Conclusions: Post-launch AEs closely parallel the AE profile from phase 3. This may be due in part to frequent 
contact between specialty pharmacy and patient. The association between AE rates and age highlights the 
importance of dose adjustment for patients with age-related renal impairment and raises the possibility of other 
factors contributing to reduced tolerability with age. Dosing at <274 mg should be considered in patients who may 
be at heightened risk for AEs. 

214 
Yerba mate tea (Ilex paraguariensis) exerts a neuroprotective effect on intrastriatal 6-OHDA-lesioned mice 
model of Parkinson’s disease 
I. Taravini, G. Gomez, L. Tribbia, A. Cura, R. Rivero, M. Bernardi, J. Ferrario, B. Baldi-Coronel, O. Gershanik, E. 
Gatto (Gualeguaychú, Argentina) 
Objective: We set to investigate the possible neuroprotective effect of yerba mate (YM) consumption on 
dopaminergic neurons in a mice model of Parkinson’s disease (PD). 
Background: The motor symptoms of PD mainly emerge from the gradual degeneration and loss of dopamine 
neurons within the substantia nigra. Novel treatment approaches are needed as there is no current preventive therapy 
for PD. However, an inverse association was found between coffee intake or smoking and the occurrence of PD. 
Likewise, a case-control study revealed that consumption of ‘mate’ also has an inverse association with the risk of 
developing PD. Furthermore, we have recently shown that YM favors survival and growth of dopaminergic neurons 
in culture. Mate is an infusion from the plant Ilex paraguariensis (popularly known as yerba mate) widely consumed 
in several South American and Mediterranean countries. This infusion contains bioactive phenolic compounds with 
strong antioxidant and anti-inflammatory properties. 
Methods: The extract of YM was obtained by ‘cebada simulada’, an extraction method that emulates the way it is 
commonly consumed and the main bioactive compounds (caffeine, theobromine, chlorogenic acid and rutin) were 
quantified by HPLC. A partial degeneration of dopaminergic neurons, as an early model of PD, was induced by a 6-
OHDA injection into the striatum of wild type mice. Animals received water (control) or ‘mate’ as their only source 
of fluid. Different periods of YM administration and concentrations were evaluated. During the treatment, locomotor 
activity was evaluated in open field (OF) sessions, and after sacrifice, tyrosine hydroxylase (TH) 
immunohistochemistry was performed to evaluate the degree of dopaminergic denervation. 
Results: The infusion of YM was well accepted by the animals. Mice that drank mate showed increased locomotor 
behavior compared to controls during the OF sessions. The denervation protocol we used induced a lesion degree 
ranging from 31 to 57%. Mice receiving a YM treatment for 4 months, after the injury with 6-OHDA, had a 12% 
higher density of dopaminergic fibers remaining in the striatum than control mice. 
Conclusions: These results provide further evidence on the beneficial properties of YM and could lead to the 
development of novel preventive therapeutic interventions using YM in association with the most commonly used 
drugs to treat PD. 

215 
Short term use of bromocriptine for treatment of Parkinson's disease during pregnancy 
D. Taylor, P. LeWitt (West Bloomfield, MI, USA) 
Objective: Few reports describe experience with treatment of Parkinson's disease [PD] during pregnancy. About 5% 
of the population with PD are young onset (onset prior to 40 yrs); of these < 50% are female.[1] The incidence of 
pregnancy in this population seems to be very low, and sharing the experience of treating a patient with PD through 
a pregnancy is important. 
Background: There are few reports as to the safety and efficacy of the use of dopaminergic therapies for PD in 
pregnancy. The limited number of cases prevents valid study as to potential outcomes. Many of the case reports 
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focus on the outcomes of the patient's status, with escalation of PD during the pregnancy often noted.[2,3] 
Recognition of safe treatment options is needed for best control of patients through a pregnancy. Bromocriptine is an 
ergot-derived dopamine agonist [EDDA]. This class of medications has been recognized as leading to valvular heart 
disease [4]; bromocriptine, while considered safe for use during pregnancy, has been shown to impart the risk for a 
dose-related cardiac valve thickening.[5] Short-term use is less likely to cause structural valvular changes. Use of a 
related EDDA during pregnancy, cabergoline, has been reported as beneficial for symptom control without long-
term complications. [6] 
Methods: A 40 year old patient with PD presented to our clinic reporting that she was pregnant. Treatment included 
pramipexole, 0.25 mg TID, and carbidopa/levodopa 25/100, 1 TID, at that date. At 8 weeks gestation, she stopped 
all of her PD medications due to concern about potential fetal risk. Her PD symptoms (tremor, rigidity, 
bradykinesia) escalated; at 11 weeks she restarted carbidopa/levodopa on the advice of her obstetrician. At 16 
weeks, she developed wearing off and bromocriptine was started in an effort to ease the motor fluctuations. 
Results: The patient underwent cesarean section at 40 weeks and was delivered of a robust male infant with Apgar 
scores of 9 and 10 at 1 and 5 minutes. Following her delivery, she weaned the bromocriptine. 
Conclusions: Pregnancy in patients with PD is an infrequent occurrence, due to the rare incidence of PD in women 
of child bearing age. Recognition that this can occur and knowledge of the treatment options is needed. While 
bromocriptine is not ideal for long-term use in patients with PD due to idiosyncratic risk for valvular heart disease, 
short-term use during pregnancy may provide significant symptomatic benefit. 
References: 1. Golbe, LI. Pregnancy and Movement Disorders. Neurol Clin 1994;12:497-508. 2. Hagell P, Odin P, 
Vinge E. Pregnancy in Parkinson's Disease: A Review of the Literature and a Case Report. Mov Disord. 
1998;13(1):34-38. 3. Shulman LM, Minagar A, Weiner WJ. Brief Report: The Effect of Pregnancy in Parkinson's 
Disease. Mov Disord. 2000;15(1):132-135. 4. Zanettini R, Antonini A, Gatto G, Gentile R, Tesei S, Pezzoli, G. 
Heart Disease and the Use of Dopamine Agonists for Parkinson's Disease. Engl J Med 2007; 356:39-46. DOI: 
10.1056/NEJMoa054830 5. Tan LC1, Ng KK, Au WL, Lee RK, Chan YH, Tan NC. Bromocriptine use and the risk 
of valvular heart disease. Mov Disord. 2009 Feb 15;24(3):344-9. doi: 10.1002/mds.22228. 6. Scott M, Chowdhury 
M. Pregnancy in Parkinson's disease: Unique case report and review of the literature. Mov Disord. 2005;20(8);1078-
1079. doi:org/10.1002/mds.20560 
 
 
 

216 
Dynamics of Device-based Treatments for Parkinson´s Disease in Germany from 2010 - 2017 
L. Tönges, D. Bartig, C. Krogias, D. Richter (Bochum, Germany) 
Objective: Analyze the patient profiles and dynamics of utilization of Continuous Subcutaneous Apomorphine 
Infusion (CSAI), Levodopa-carbidopa Intestinal Gel (LCIG), and Deep Brain Stimulation (DBS) for Parkinson´s 
disease (PD) in Germany from 2010 – 2017. 
Background: Parkinson's disease is the most common chronic neurodegenerative movement disorder requiring 
intensified treatment including medical devices in advanced stages of disease. The characteristics of patients and the 
degree of prescription for these medical devices has not been analyzed for the German population so far. 
Methods: Analyses of infusion therapies and neurostimulation procedures were based upon the statistical evaluation 
of the German Diagnosis-Related Groups (G-DRG) data from 2010 to 2017 (DRG-statistic, Federal Statistical 
Office, www.destatis.de) and on structured quality reports of German hospitals according to §137 3.1 No. 4 SGB V. 
Results: In 2017, 194 patients received an initial setup of a treatment with CSAI and 233 patients were monitored 
for their therapy in an inpatient facility. In the same year, 159 patients received an initial setup of a treatment with 
LCIG and 261 patients were monitored. For both CSAI and LCIG treatments both initial setups and stationary 
monitoring visit numbers strongly increased from 2010 to 2017. Concerning DBS, 377 patients received an 
implantation or replacement of a multi-channel, fully implantable and not rechargeable neurostimulator and 199 
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patients underwent the beforementioned procedure with rechargeable device in 2017. From 2010, patient numbers 
for the non-rechargeable devices remained stable but numbers for the rechargeable devices increased six fold. 
Interestingly, for all devices there is a strong center formation for application of these therapies throughout 
Germany. 
Conclusions: The number of device-based therapies for PD patients strongly increases in Germany from 2010 to 
2017. There is a strong development for a supra-regional formation of treatment centers. However, a significant 
number of centers remains with only very low procedure numbers. 

217 
Molecular Integration in Neurological Diagnosis (MIND): A Center-Wide Approach to Improve Molecular 
and Genetic Characterization of Parkinson’s Disease 
T. Tropea, J. Rick, N. Han, S. Rudovsky, A. Siderowf, V. Van Deerlin, A. Chen-Plotkin (Philadelphia, PA, USA) 
Objective: To develop a clinical and genetic repository of all patients with Parkinson’s disease at The University of 
Pennsylvania Parkinson’s Disease and Movement Disorders Center (PDMDC) and to assess patients’ interest in 
pursuing clinical genetic testing. 
Background: Parkinson’s disease (PD) is diagnosed clinically, based on symptoms of bradykinesia, tremor, and 
rigidity. Pathological degradation of nigrostriatal dopaminergic neurons and aggregation of misfolded alpha-
synuclein in neurons accompanies the clinical syndrome. Variability in the clinical characteristics and disease 
course, and a high degree of non-PD concomitant pathology are common. Genetic and molecular characterization of 
PD patients may improve our diagnostic approach and will inform the development of disease modifying therapies 
targeting biomarker-defined groups. 
Methods: We performed an inception cohort study of participants with a clinical diagnosis of PD by approaching 
every patient with PD at the PDMDC. Each subject had blood collected and clinical questionnaires were completed. 
Plasma and DNA were banked for each subject. Each subject was asked their interest in pursuing clinical genetic 
testing and given the option to allow recontact in the future if they qualify for additional studies based on their 
biomarker results. 
Results: A target of 2000 established patients will be asked to participate in the Molecular Integration in 
Neurological Diagnosis (MIND) study over an 18-month period. Since launch in September, 2018, >90% of patients 
approached have elected to participate, and >90% of participants are interested in learning their genetic and 
biomarker results. Data collection is ongoing. 
Conclusions: A center-wide biobank holds promise for improving our understanding of PD. Patients are interested 
in learning about their molecular and genetic information. 
 
 

218 
Assessment of Neuropsychological Outcomes Using a New Multiple Source, Constant- Current Rechargeable 
Deep Brain Stimulation System for the Treatment of Parkinson’s Disease - INTREPID Study 
A. Tröster, R. Jain, L. Chen, I. Study Group, M. Okun (Phoenix, AZ, USA) 
Objective: To evaluate neuropsychological outcomes in subjects participating in the INTREPID randomized 
controlled trial (RCT). 
Background: Neuropsychological evaluation in the context of Deep Brain Stimulation (DBS) for Parkinson's 
disease (PD) is important for the following: a) pre-operative screening and b) assessment of the potential effect of 
DBS on cognitive and emotional symptoms. The INTREPID RCT sought to evaluate the improvement in motor 
function and quality of life in patients with advanced, levodopa-responsive PD following bilateral subthalamic 
nucleus (STN) DBS using a new device equipped with multiple current sources. In this report, neuropsychological 
outcomes from subjects participating in the INTREPID RCT will be specifically described. These outcomes are of 
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particular interest and novel because the multiple current source device offers the potential for current steering and 
shaping. 
Methods: INTREPID (ClinicalTrials.gov Identifier: NCT01839396) is a multi-center, prospective, double-
blind,randomized controlled trial (RCT) sponsored by Boston Scientific. Subjects with advanced PD were implanted 
bilaterally in the STN with a multiple-source, constant current DBS System (Vercise, Boston Scientific). Subjects 
were evaluated by a neuropsychologist before and after implantation in the meds on condition. A battery of 
neuropsychological assessments were collected, specifically the following: Mattis Dementia Rating Scale (DRS-2) 
Starkstein Apathy Scale (SAS), Beck Depression Inventory (BDI-II, and the Columbia Suicide Severity Scale 
(CSSRS). 
Results: Data collection and analysis is currently still ongoing. Analyzed results derived from neuropsychological 
assessments are to be presented. 
Conclusions: Studies of neuropsychological outcomes of STN-DBS generally support the safety of the procedure 
from a neuropsychological standpoint, though a minority of patients experience cognitive or emotional adverse 
events within 6 months of surgery and verbal fluency declines are common. The INTREPID trial provides an 
opportunity to enhance the existing literature by reporting neuropsychological DBS outcomes using a multiple 
current source device. 

219 
Asymmetry of motor symptoms in patients with Parkinson’s Disease 
Y. Trufanov, N. Svyrydova, V. Svistun, I. Harkava, H. Bondarenko, N. Zhhilova (Kyiv, Ukraine) 
Objective: The objective of our research was to investigate the asymmetry of motor symptoms in patients with 
Parkinson’s Disease (PD). 
Background: In most PD cases there is a substantial asymmetry of clinical symptoms from disease onset, which 
occurs in sporadic and in hereditary forms of the disease. The mechanism of such unilaterality of symptom 
appearance is not understood. There is only information about whether symptom-side predominance is genetically 
coded and determined years before symptom onset, or whether it is acquired and related to side differences in 
vulnerability of the degenerating neurons [1]. 
Methods: 230 consecutive patients with idiopathic PD (151 males and 79 females, age range from 35 to 88) were 
questioned at time of routine clinic visits. Average duration of PD was 8.11 ± 0.39 years. 
Results: There were symmetrical motor symptoms (bradykinesia, tremor, rigidity) in 11 (4.78%) patients with PD. 
The motor symptoms were more pronounced on the right in 107 (46.52%) PD patients and on the left in 112 
(48.7%) PD patients. Fig. 1 shows the asymmetry scores according to the UPDRS in patients with PD. [figure1] The 
proportion of PD patients with mildly asymmetric motor symptoms was 29.13% (67 patients), with moderately 
asymmetric – 39.13% (90 patients), and severely asymmetric bradykinesia, tremor and rigidity were observed in 62 
patients (26.96%). [figure2] 
Conclusions: PD was characterized by an asymmetric motor onset (100.0%) and an asymmetric disease progression 
(95.22%). According to PD progression the severity of motor symptoms was usually predominates on the side of 
motor onset. The frequency of PD motor onset on the dominant side of the body was significantly exceeded than on 
the subdominant side (62.61% vs. 36.52%, p < 0.001). 
References: 1. Djaldetti, R., Ziv, I., & Melamed, E. (2006). The mystery of motor asymmetry in Parkinson’s 
disease. The Lancet Neurology, 5(9), 796-802. 
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The relationship between the motor onset and the asymmetry of motor symptoms in patients with 
Parkinson’s Disease 
Y. Trufanov, N. Svyrydova, V. Svistun, I. Harkava, H. Bondarenko, N. Zhhilova (Kyiv, Ukraine) 
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Objective: The objective of our research was to study the relationship between the motor onset and the asymmetry 
of motor symptoms in patients with Parkinson’s Disease (PD). 
Background: Typical onset of idiopathic PD is characterised by insidious onset, generally in one limb, spreading 
over 2-5 years to become bilateral [1]. If some researchers point out that there is most often PD onset on the 
dominant side of the body, other researchers argue that there is no such dependence. 
Methods: 230 consecutive patients with idiopathic PD (151 males and 79 females, age range from 35 to 88) were 
questioned at time of routine clinic visits. Average duration of PD was 8.11 ± 0.39 years. 
Results: 213 of our PD patients were right-handed, 16 patients were left-handed, and it was not possible to identify 
the dominant side of the body in two cases. We made an interesting observation. At the time of examination from 
144 PD patients with motor onset on the dominant side of the body, 113 (78.47%) patients had motor symptoms 
more pronounced on the dominant side, 11 (7.64%) patients had symmetric motor symptoms and 20 (13.89%) 
patients had motor symptoms more pronounced on the subdominant side. While, at the time of examination, from 84 
PD patients with motor onset on the subdominant side of the body, 82 (97.62%) patients had motor symptoms more 
pronounced on the subdominant side, and 2 (2.38%) patients had motor symptoms more pronounced on the 
dominant side. Nobody in this group had symmetric motor symptoms (Fig. 1). [figure1] 
Conclusions: There was more pronounced motor asymmetry in PD patients with motor onset on the subdominant 
side of the body as compared to PD patients with motor onset on the dominant side (p < 0.007) (Fig. 2). [figure2] 
The frequency of PD motor onset on the dominant side of the body was significantly exceeded than on the 
subdominant side (62.61% vs. 36.52%, p < 0.001). 
References: 1. Brooks, D. J. (2002). Diagnosis and management of atypical parkinsonian syndromes. Journal of 
Neurology, Neurosurgery & Psychiatry, 72(suppl 1), i10-i16. 
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Identification of candidates for device-assisted therapy in Parkinson's disease using Artificial Neural 
Networks 
C. Valderrama Martín, L. Triguero Cueva, M.J. Pérez Navarro, C.J. Madrid Navarro, R. Calle Calle, I. Rego 
García, A. Mínguez Castellanos, I.M. Galván León, F. Escamilla Sevilla (Granada, Spain) 
Objective: To use Multilayer Perceptron (MLP), an artificial neural network, to identify candidates for device-
assisted therapy (DAT) among patients with Parkinson's disease (PD) 
Background: DAT (deep brain stimulation [DBS] and continuous apomorphine and levodopa infusions) are 
indicated in selected patients with intermediate/advanced PD when conventional treatment fails to control disabling 
motor fluctuations, dyskinesias, and/or tremor. Except in cases of tremor, when DBS is indicated, candidates for 
DAT share certain selection criteria, and the main predictor of a good outcome is an optimal "on" in response to 
levodopa. Negative prognostic factors include advanced age, moderate cognitive impairment, “on” axial symptoms, 
and major comorbidity. Identification of candidates requires specialist expertise but may be facilitated using 
artificial intelligence tools 
Methods: Our cross-sectional pilot study included consecutive PD patients attended in a Movement Disorders Unit 
during 3 months. Gold standard for DAT candidate identification was the expert neurologist’s decision. Predictive 
variables gathered were: age, clinical subtype (tremor-dominant, rigid-akinetic or mixed), Charlson comorbidity 
index, and responses to 15 dichotomic items of the CDEPA Questionnaire. MLP and a backpropagation learning 
algorithm were used to identify candidates with these variables as network inputs. Stratified cross-validation and 
balance techniques were applied to confirm discriminative capacity and improve minority class detection of the 
MLP. The relative influence of variables was estimated with ReliefF 
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Results: We studied 251 consecutive PD patients (70.5±9.2 yrs, 41% female) with median H&Y scale of 3 and 
mean duration of 9.1±6.5 yrs.  PD was advanced in 130 (52%), including 39 (30%) with previous DAT (28 DBS and 
11 intestinal levodopa). We identified 24 candidates for DAT, 3 with intermediate PD (refractory tremor) and 21 
advanced PD. Accuracy of MLP identification was 90% (Sensitivity=62.5%; Specificity=92.5%). Areas under ROC 
and precision-recall curves were 84% and 94%, respectively. All input variables were required for optimal 
identification; the most influential were need for assistance in daily living activities and motor fluctuations with off 
time> 25% 
Conclusions: Within the limitations of the applied methodology, this Neural Network showed good discriminative 
capacity to detect PD candidates for DAT 
References: [1] Latourelle JC, Beste MT, Hadzi TC et al. Large-scale identification of clinical and genetic 
predictors of Parkinson´s disease motor progression in newly diagnosed patients: a longitudinal cohort study and 
validation. Lancet Neurol 2017; 16 (11): 908-916. [2] Luquin MR, Kulisevsky J, Martínez-Martín P, Mir P, Tolosa 
ES. Consensus on the definition of advanced Parkinson´s disease: A neurologist – based Delphy study (CEPA 
Study). Parkinsons Dis 2017; 4047392. Article IS. [3] Martínez-Martín P, Kulisevsky J, Mir P, Tolosa E, García-
Delgado P, Luquín MR. Validation of a simple screening tool for early diagnosis of advanced Parkinson´s disease in 
daily practice: the CDEPA questionnaire. NPJ Parkinsons Dis. 2018 Jul 2;4:20. doi: 10.1038/s41531-018-0056-2. 
eCollection 2018. [4] Escamilla Sevilla F, Olivares Romero J, eds. Recomendaciones de Práctica Clínica en la 
Enfermedad de Parkinson. Grupo Andaluz de Trastornos del Movimiento. Sociedad Andaluza de Neurología. 
Barcelona: Glosa, 2017 (ISBN: 978-84-7429-668-6). [5] Escamilla Sevilla F, Campos Arillo VM. Perfiles de los 
candidatos y adecuación de las terapias de segunda línea. En: Escamilla Sevilla F, Olivares Romero J, eds. 
Recomendaciones de Práctica Clínica en la Enfermedad de Parkinson. Grupo Andaluz de Trastornos del 
Movimiento. Sociedad Andaluza de Neurología. Barcelona: Glosa, 2017; pp 131-143. (ISBN: 978-84-7429-668-6). 
[6] Zhan A, Mohan S, Tarolli C et al. Using Smartphones and Machine Learning to Quantify Parkinson Disease 
Severity. The Mobile Parkinson Disease Score. JAMA Neurol 2018; 75 (7): 876-880. 

222 
Two-year outcome of autologous peripheral nerve grafting to the substantia nigra at the time of DBS surgery 
in patients with Parkinson’s disease 
C. van Horne, J. Quintero, J. Slevin, J. Gurwell, Z. Guduru, A. Welleford, N. El Seblani, G. Gerhardt (Lexington, 
KY, USA) 
Objective: Assess 2-year safety, feasibility, and clinical outcomes of implanting a unilateral peripheral nerve graft 
to the substantia nigra in patients with Parkinson’s disease at the time of DBS surgery. 
Background: After nerve injury, Schwann cells in the peripheral nervous system convert to regeneration-promoting 
cells – a potential source of neurotrophic and neuroprotective factors.  Our strategy is to harness this capacity by 
delivering autografts of peripheral nerve to the substantia nigra in patients with PD. 
Methods: Open-label, single center trial with a 2-year follow up every 6 months. Participants received a unilateral 
autologous peripheral nerve graft (sural nerve) to the substantia nigra at the time they received bilateral DBS to the 
GPi or STN. Adverse events (AE) were followed and assigned causality. Participants underwent DaTscan™ SPECT 
imaging, brain MRI scans, and Unified Parkinson ’s Disease Rating Scale scoring. 
Results: Of the 18 participants who were assigned to receive the graft, all 18 received the graft at the time of DBS 
surgery. The most prevalent AE related to the study intervention was paresthesia on the lateral aspect of the foot or 
ankle. Otherwise, AE profile was comparable to standard DBS. MRI scans 2 years after surgery were unremarkable. 
Of the 16 (12 male/4 female) who have so far reached the 2-year timepoint, baseline values were: age: 62.9 ± 8.1 
(mean ± SD) y, disease duration: 9.3 ± 4.4 y, UPDRS motor scores OFF medication: 37.6 ± 11.1 points.   At 2 years, 
UPDRS Part III scores (OFF medication/OFF stimulation - 12 hours) showed a 25% improvement (-9.6 ± 10.8 
points). UPDRS III lateralized scores on the side contralateral to the graft were 5.4 points lower at 2 years than 
baseline while the side ipsilateral to the graft were 1.2 points lower than at baseline. Contralateral to the graft 
location, improvements were measured in tremor, bradykinesia, and rigidity components. 
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Conclusions: We have found unilateral grafting of autologous peripheral nerves to be feasible, safe and suggestive 
of possible motoric improvement. Additional testing will be needed to confirm these results. 

223 
Botulinum toxin type A therapy in a movement disorders unit: a 23-year experience. 
M. VELEZ, C. COSENTINO, L. TORRES (LIMA, Peru) 
Objective: To update the experience with botulinum toxin type A therapy at the Unidad de Movimientos 
Involuntarios (UMI) of Instituto Nacional de Ciencias Neurologicas (INCN)-Lima, Peru, since the date was created 
until now. 
Background: First report of Peruvian experience with botulinum toxin type A therapy is dated from 1998 (1), 
followed by a description of clinical and epidemiological aspects in 188 patients in 2000 (2), and its effectiveness in 
hemifacial spam in 44 patients (3). 
Methods: We reviewed our database patients since 1995 to July, 2018, which including gender, age, diagnosis, side 
affected, first injection date, doses and times of injection. All of patients signed an authorization where is explained 
clearly the diagnosis, the procedure and the effect of the injection, and an authorization to take a picture and record a 
video including the possibility to show the images in a medical forum. 
Results: 628 patients were attended during this time, 60% were women and 40% were men (Figure 1). A total of 
1547 injections were applied, at least two times in 155 of the patients (44%).  Hemifacial spam was the more 
frequent diagnosis (383 cases), being a-30 to 59-year-old-woman with hemifacial spam the most frequent patient. 
Cervical dystonia was the second more frequent diagnosis (108 cases), 64% of them were men, in contrast with all 
of the reviewed series where cervical dystonia was more frequent in women. Blepharospam was the third (92 cases) 
and Meige syndrome was the fourth with 28 cases. Finally, we found a small group of 17 patients with spasticity, 
sialorrhea and other diagnosis (Figure 2). 
Conclusions: Our unit is a referal center to the treatment with botulinum toxin A.  In these 23 years we have treated 
successfully 628 patients with different movement disorders diagnosis, even though the expensive cost of the 
treatment, improving considerably the quality of life of our patients. 
References: 1. Cosentino C, Torres L. Peruvian experience with botulinum toxin A in focal/segmental dystonia. 
Mov Disord 1998;13 (Supl 2): 228. 2. Torres L, Cosentino C, Zevallos D, Mendoza G. Espasmo hemifacial: 
Consideraciones clínico-epidemiologicas a proposito de 188 casos. Revista Peruana de Neurologia 2000;6:4-8. 3. 
Torres L, Cosentino C. Eficacia de la toxina botulinica en espasmo hemifacial. Diagnostico 1999; 38(4):182-184. 
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224 
Safinamide in Daily Clinical Practice: Assessment of Efficacy andTolerability in Parkinson’s Disease  
A. Vinagre-Aragón, E. Mondragón-Rezola, I. Croitoru, A. Bergareche-Yarza, J.J. Poza-Aldea, A. Olaskoaga-
Caballer, M. Iridoy-Zulet, M. Ruibal-Salgado, J.C. Gómez-Esteban, K. Berganzo-Corrales, B. Tijero-Merino, J. 
Ruiz-Martínez (San Sebastián, Spain) 
Objective: to analyze the long term efficacy and tolerability of safinamide added as adjunctive therapy in a series of 
patients with Parkinson´s disease (PD) 
Background: safinamide is a selective, reversible monoamine oxidase-B inhibitor with both dopaminergic and 
glutamatergic properties, approved for the treatment of mid- to late-stage PD with fluctuations as add-on therapy to 
levodopa (LD) alone or in addition to other PD medications. 
Methods: 169 PD patients were included in the study (52% males, mean age 72.6 years). Mean disease duration was 
11.8 years and mean H&Y staging was 2.5. 53% had dyskinesias and 19% cognitive impairment. Patients were 
treated with 936.9 ± 472.4 mg mean LD equivalent daily dose, 49% with dopamine agonists, and 14% were on 
advanced therapies. 52% were taking 3 or more PD medications. Safinamide was added as adjunctive therapy due to 
fluctuations and/or suboptimal motor control in 129 patients and because of suboptimal motor control associated 
with dyskinesia in 40 patients. Tolerability and response to treatment were recorded at months 6, 12 and 24. 
Results: 29% of patients improved during follow up, 50% remained stable, and in 21% the deterioration continued. 
54 patients had been on safinamide 24 months or more, and no serious adverse events were recorded. In the whole 
sample treatment had to be discontinued in 55 patients (32%). The most frequently identified reason for withdrawal 
was aggravation of dyskinesias (20%), followed by behavioral or cognitive deterioration (13%). When treatment 
was added in patients with suboptimal motor control associated with dyskinesias withdrawal was more common 
(55% vs 30%). 44% of the discontinuation of treatment occurred during the first 6 months of drug use. There were 
no significant differences in demographic or clinical features between the responder group and the discontinuation 
group. 
Conclusions: safinamide has a good tolerability profile in patients with PD despite polytherapy, or advanced state. 
Most of the patients exhibited a good response to treatment by improving or remaining stable while on safinamide, 
maintained at 6, 12 and 24 months of follow-up (fig.1). When safinamide was added to control dyskinesia, 
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discontinuation was significantly more common. The incidence of discontinuation in the first months may be 
partially explained by an initial limited experience using the drug and selecting adequate candidates. 

 

225 
Preclinical efficacy of drugs identified by IBM-Watson for repurposing to treat L-DOPA-induced dyskinesia 
N. Visanji, A. Lacoste, P. Ravenscroft, S. Spangler, S. Fox, A. Lang, J. Brotchie, T. Johnston (Toronto, ON, Canada) 
Objective: To test the efficacy of 3 drugs predicted by IBM Watson for Drug Discovery (WDD) as having the 
potential to treat L-DOPA-induced dyskinesia (LID). 
Background: Using the machine learning capabilities of WDD we analyzed ~1.3 million Medline abstracts using 
natural language processing and created a model to rank 3539 existing drugs based on predicted ability to reduce 
LID. 3 drugs from the top 5% of the 3539 candidates, were prioritized for in vivo validation studies based on i) 
having a novel mechanism of action, ii) having not been previously validated for the treatment of LID, iii) being 
blood-brain-barrier penetrant, orally bioavailable and iv) clinical trial ready. 
Methods: Drugs were initially screened in the 6-OHDA-lesioned rat model of LID for efficacy to reduce L-DOPA-
evoked rotational asymmetry and Abnormal Involuntary Movements (AIMs), established by 15 days pre-treatment 
with L-DOPA (10mg/kg). For each compound, 3 doses or vehicle were administered in combination with L-DOPA 
using a randomized, partial Latin-square design. Drugs with anti-dyskinetic efficacy in 6-OHDA-lesioned rats were 
further assessed in the MPTP-lesioned non-human primate model of LID. MPTP-lesioned cynomolgus macaques 
had been previously rendered dyskinetic by daily treatment with L-DOPA (30 mg/kg) for at least 90 days. 3 doses of 
test drug or vehicle were administered in combination with L-DOPA using a randomized, partial Latin-square 
design. Parkinsonism and LID were quantified using validated rating scales via post hoc analysis of high definition 
video recordings by a rater blinded to treatment. 
Results: In the 6-OHDA-lesioned rat, UHNWDD115 (3mg/kg) resulted in a 58% reduction in rotational asymmetry 
(P<0.05, 20-120 min) compared to vehicle, with no significant effect on AIMs. In the MPTP-lesioned macaque, 
UHNWDD115 (10mg/kg) resulted in an 82% reduction in LID (P<0.05, 0-3 hours post administration) accompanied 
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by a 306% increase in parkinsonian disability. The two remaining drugs failed to demonstrate efficacy in reducing 
rotational asymmetry or AIMs. 
Conclusions: We provide proof of concept that IBM WDD can predict novel treatments to reduce LID based on 
natural language processing and machine learning. However, the suitability of drugs tested to date is limited by lack 
of significant efficacy or confounding effects on the anti-parkinsonian actions of L-DOPA. Analysis of further 
highly ranked drugs is ongoing. 
References: Acknowledgements The authors would like to acknowledge: the Ontario Brain Institute and the 
Government of Ontario for providing access and training to the IBM Watson Drug Discovery platform. 

226 
Exploring anti-hypertensives as possible disease modifying agents in Parkinson’s disease using artificial 
intelligence and epidemiology 
N. Visanji, S. Hensley Alford, A. Lacoste, P. Madan, I. Buleje, Y. Han, S. Spangler, L. Kalia, C. Marras (Toronto, 
ON, Canada) 
Objective: To apply machine learning and epidemiology to identify existing drugs that may have a disease 
modifying effect in Parkinson’s disease (PD). 
Background: Drug repurposing is an effective means of increasing treatment options for diseases, but identifying 
candidate molecules for the indication of interest from the thousands of approved drugs is challenging. We have 
used machine learning to rank drugs approved for human use according to predicted ability to reduce alpha 
synuclein (aSyn) oligomerization. To provide evidence of a possible disease modifying effect in PD we have 
analyzed real-world data to investigate the association between exposure to highly ranked drugs and PD diagnosis. 
Methods: Using IBM Watson for Drug Discovery we identified several antihypertensive drugs that may reduce 
aSyn oligomer levels in cell or animal models. Using IBM MarketScan Research Databases we constructed a cohort 
of individuals with incident hypertension (HTN). Drugs were categorized as alpha-blockers (AB), beta-blockers 
(BB), ACE inhibitors (ACEi), angiotensin receptor blockers (ARBs), Renin Inhibitors (RI), dihydropyridine calcium 
channel blockers (DHP-CCB), non-dihydropyridine CCB (CCB) and diuretics. Exposure to HTN medications was 
classified as single, double or 3+ agents. We conducted univariate and multivariate Cox proportional hazard 
analyses with exposure as a time-dependent covariate. Diuretics were used as the referent group. Age at HTN 
diagnosis, sex, and several comorbidities were included in multivariate analyses. 
Results: Compared to diuretics alone, ACEi with diuretics, ARBs with DHP-CCB, ARBs with diuretics, DHP-
CCBs alone, and DHP-CCBs with diuretics were significantly associated with decreased risk of diagnosis of PD in 
univariate analyses. In multivariate analyses, ACEi with diuretics remained significant (hazard ratio =0.60, p-value 
< 0.01) as did ARBs plus DHP-CCBs (hazard ratio= 0.55, p-value < 0.01). 
Conclusions: Exposure to the combinations of DHP-CCB with ARBs, as well as ACEi with diuretics, may reduce 
the risk of PD.   Our findings require replication in other cohorts. 
References: Acknowledgements The authors would like to acknowledge: the Ontario Brain Institute and the 
Government of Ontario for providing access and training to the IBM Watson Drug Discovery platform. 

227 
Using cognitive computing to identify existing drugs with potential to stabilize mitophagy pathways 
associated with Parkinson’s Disease 
N. Visanji, N. Moskal, G. Shi, A. Lacoste, S. Spangler, P. Lewis, A. McQuibban (Toronto, ON, Canada) 
Objective: We applied IBM Watson for Drug Discovery (WDD), a cognitive computing platform that uses natural 
language processing, to identify compounds with the potential to enhance Parkin-mediated mitophagy. 
Background: Repurposing compounds with regulatory approval is an attractive method to accelerate the availability 
of therapeutic options for Parkinson’s disease (PD). However, identifying drugs with suitable efficacy and 
prioritizing for development represents a major challenge. WDD uses natural language processing and machine 
learning to extract domain specific text features from published literature and infer new connections between drugs 
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of interest. We used WDD to analyze published abstracts of a set of training compounds known to induce mitophagy 
and applied machine learning to rank a set of candidate drugs according to similarity of linguistic context. 
Methods: 7 training compounds able to induce mitophagy in experimental paradigms were identified via literature 
search. 3231 candidate drugs were filtered from the entire Drugbank database (www.drugbank.ca). WDD analyzed 
~1.3 million Medline abstracts and ranked all candidate drugs based on semantic similarity to the training 
compounds. Leave-one-out cross-validation demonstrated a strong predictive power of training entities over each 
other compared to candidates (area under the Receive-Operator Characteristics curve 0.9513). The top 87/3231 
candidates were prioritized for validation studies in cell and fly based models of mitophagy. 
Results: 79 candidates were screened in a high throughput in vitro assay that quantifies Parkin recruitment to 
mitochondria following induction of mitophagy with Carbonyl cyanide m-chlorophenyl hydrazone. 3 hits were 
identified that significantly increased Parkin recruitment to the damaged mitochondrial membrane and subsequent 
mitophagy. In vitro testing of the 3 hit compounds has yielded a single drug that provided rescue of locomotor 
dysfunction in Drosophila with paraquat-induced mitochondrial dysfunction. 
Conclusions: We provide proof of concept that based on natural language processing and machine learning, IBM 
WDD can predict novel treatments to enhance mitophagy pathways associated with PD. Ongoing studies will 
determine the potential for repurposing our lead compound to treat mitochondrial dysfunction in PD. 
References: Acknowledgements The authors would like to acknowledge: the Ontario Brain Institute and the 
Government of Ontario for providing access and training to the IBM Watson Drug Discovery platform. 

228 
INTREPID: A 2-Year Follow-Up of a Prospective, Double Blinded, Multi-Center Randomized Controlled 
Trial Evaluating Deep Brain Stimulation with a New Multiple Source, Constant-Current Rechargeable 
System for Treatment of Parkinson’s Disease 
J. Vitek, R. Jain, L. Chen, I. Study Group, P. Starr (Minneapolis, MN, USA) 
Objective: The objective of the INTREPID clinical trial assessed improvement in motor function and quality of life 
in patients with advanced, levodopa responsive Parkinson's disease (PD) following bilateral subthalamic nucleus 
(STN) Deep Brain Stimulation (DBS) using a new device equipped with multiple current sources. In this analysis, 2-
year follow-up data will be reported. 
Background: DBS is a surgical therapy used for treatment of the motor signs and fluctuations associated with 
Parkinson’s disease (PD). Its efficacy has been substantiated by several randomized controlled trials. 
Moreover,motor improvement following DBS may be sustained for up to 10 years (Castrioto et al. 2011). 
Methods: INTREPID (ClinicalTrials.gov Identifier: NCT01839396) is a multi-center, prospective, double blinded, 
randomized controlled trial (RCT) sponsored by Boston Scientific. Subjects with advanced PD were implanted 
bilaterally in the STN with a multiple-source, constant current DBS System (Vercise, Boston Scientific).Subjects 
were randomized to either receive active vs. control settings for 12-week blinded period. Subjects were blinded to 
treatment assignment and study assessments were administered by a clinician blinded to treatment condition. Motor 
improvement was evaluated using several assessments including subject motor diaries, UPDRS scores, etc. 
Assessments for quality of life (e.g. PDQ-39) were also administered. 
Results: The study met the primary endpoint demonstrated by mean difference of 3.03 ± 4.52 hrs. (p < 
0.001)between active and control groups in ON time w/o troublesome dyskinesia, with no increase in 
antiparkinsonian medication, from post-implant baseline to 12-weeks post-randomization. At 1-year compared to 
pre-surgery screening, a 49.2% improvement in UPDRS III scores was reported, and overall improvement in quality 
of life was maintained. Reporting of 2-year follow-up data is planned. 
Conclusions: Results of the INTREPID RCT demonstrate that use of a multiple-source, constant-current DBS 
system is safe and effective for treatment of Parkinson's disease symptoms. This analysis will describe outcomes 
derived from subjects assessed out to 2-years follow-up. 
References: Castrioto A. et al. Arch Neurol. 2011 Dec;68(12):1550-6. 
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229 
Successful Treatment of Orthostatic Tremor using Perampanel 
A. Wadhwa, S. Schaefer (New Haven, CT, USA) 
Objective: Orthostatic tremor is notoriously difficult to treat. To date, there has only been one case report of marked 
improvement of symptoms using perampanel. We present a case that redemonstrates similar findings using 
perampanel for the treatment of this condition. 
Background: Orthostatic tremor continues to remain a therapeutic conundrum. Due to the rare nature of this 
disorder there have not been any well designed randomized controlled trials. Anecdotal evidence supports the use of 
various medication classes such as benzodiazepines, beta blockers and antiepileptic agents. However, results remain 
modest at best. 
Methods: A 62-year-old female with a 13 year history of primary orthostatic tremor, confirmed on EMG in the arms 
(while bracing against a desk) and legs (while standing) and refractory to clonazepam up to 20mg/day, was treated 
with perampanel 1mg/day with an additional 1mg/day as needed. 
Results: She reported 90% subjective symptomatic improvement after using it for 4 months. She had no side effects. 
However, she did continue to have high frequency tremor on EMG in the quadriceps on standing, while reporting no 
tremor symptoms. 
Conclusions: This case highlights the potential for use of a novel AMPA (α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) receptor antagonist for the treatment of primary orthostatic tremor. Perampanel is primarily 
used as an antiepileptic medication, at higher doses than we have used in this patient. It acts by blocking glutamate 
activity at the post-synaptic AMPA receptors. Side effects include significant psychiatric symptoms, for which every 
patient should be screened regularly. There has been one prior case report citing its use for orthostatic tremor with 
complete resolution of symptoms. Akin to the previously published report, the patient continued to have persistent 
tremor on EMG, pointing only towards a symptomatic benefit rather than one targeting the underlying etiology, 
which remains poorly understood. We encourage further studies to highlight its efficacy for orthostatic tremor. 
References: [1] Ruiz-Julián M, Orozco JL, Gironell A. Complete Resolution of Symptoms of Primary Orthostatic 
Tremor with Perampanel. Tremor Other Hyperkinet Mov (N Y). 2018;8:552. Published 2018 Apr 17. 
doi:10.7916/D8QZ3SZD [2] Benito-León, J., & Domingo-Santos, Á. (2016). Orthostatic Tremor: An Update on a 
Rare Entity. Tremor and other hyperkinetic movements (New York, N.Y.), 6, 411. doi:10.7916/D81N81BT 

230 
Treatment monitoring using objective and frequent digital testing in the D1PAM (LY3154207) phase 1B 
Parkinson's disease clinical trial 
J. Wang, C. Battioui, Y. Li, A. Calvin, L. Wu, A. Romano, B. Miller (Indianapolis, IN, USA) 
Objective: This study evaluates the feasibility, reliability, and validity of smartphone app-based testing in patients 
with Parkinson’s disease (PD) in the D1PAM (D1 positive allosteric modulator) phase 1B clinical trial. 
Background: Currently, the lack of well-validated biomarkers to diagnose and monitor PD is a significant hurdle in 
the discovery of disease-modifying therapeutics. Smartphones, equipped with sensitive touchscreen and sensors, 
promise an unbiased approach to assess disease state and treatment response. 
Methods: An iPhone trial app, modeled after the public mPower study [1], was custom designed using the 
ResearchKit software framework incorporating tests to assess (1) sustained phonation, (2) finger tapping, (3) 
walking and resting, and (4) cognition in PD patients. The iPhones were locked-down with only the trial app and 
accompanying training materials accessible.During the two-week at-home pre-treatment, 6-week in-clinic D1PAM 
intervention and 2-week at-home post-treatment, 24 participants were instructed to complete the four active tests 
daily at 8 am, 10 am, 2 pm and 8 pm. During the 2-week intervention, each participant received daily doses of 
LY3154207 or placebo [2]. 
Compliance was quantified as completion of required daily tests during pre-treatment, intervention, and post-
treatment. Test-retest reliability was quantified as the intra-class correlation coefficient (ICC) using features derived 
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from pre-treatment sensor data. Clinical validity was quantified as the correlation between features and MDS-
UPDRS clinical severity rating. 
Results: Compliance: compliance was superior during D1PAM treatment averaging above 75% and about 50% 
during pre-treatment and post-treatment. 
Test-retest reliability: multiple features from tapping, walking and rest, and cognition tests had good reliability (ICC 
> 0.75). 
Clinical validity: among the most reliable features, some of tapping and walking features are moderately yet 
significantly correlated with MDS-UPDRS total and subscores (Spearman r> 0.4). 
Conclusions: The results demonstrated the applicability of incorporating smartphone app-based testing in PD 
clinical study. These tests are amenable to regular at-home or in-clinic use and have the potential to enable digital 
biomarker development to objectively detect a subtle disease state change in response to treatment [3]. 
References: [1] Bot, B. M. et al. The mPower Study, Parkinson Disease Mobile Data Collected Using ResearchKit. 
Sci. Data 3:160011 (2016) [2] A Study of LY3154207 in Healthy Participants and Participants with Parkinson's 
Disease. www.clinicaltrial.gov NCT02562768 [3] Li, Y. et al. Use digital sensors and deep learning to evaluate 
motor performance in the D1PAM (LY3154207) phase 1B Parkinson's disease clinical trial. MDS (2019) 

231 
Impact of oral COMT-inhibitors on gut microbiota and biologically active microbial metabolites in patients 
with Parkinson's Disease 
V. Zimmer, D. Grün, J. Kauffmann, M. Unger, J. Spiegel, K.U. Dillmann, A. Schwiertz, K. Faßbender, M. Fousse 
(Homburg, Germany) 
Objective: To investigate if we were able to reproduce our previous findings in an independent patient cohort and 
whether such a correlation also exists in PD-patients treated with the two other available COMT-inhibitors. 
Background: COMT-inhibitors are among the most frequently used drugs in Parkinson’s disease (PD). In a 
previous study, we found that treatment with entacapone (a COMT-inhibitor) showed a significant negative 
correlation with the abundance of Faecalibacterium prausnitzii and its putative metabolic product, butyrate, in fecal 
samples of PD-patients. 
Methods: 33 subjects, 14 PD-patients without previous or present treatment with a COMT-inhibitor and 19 
PD-patients under a stable therapy with a COMT-inhibitor were enrolled in this study. Clinical data were collected 
using validated scores and questionnaires. All subjects were provided with sterile containers and instructed how to 
collect fecal samples. Bacterial DNA was extracted from the stool samples, and target bacteria were quantified by 
real-time quantitative PCR (qPCR). Short chain fatty acids (SCFA) were quantified by gas chromatography. 
Results: PD-patients treated with entacapone (n=10) showed a significantly reduced abundance of Faecalibacterium 
prausnitzii compared to PD patients without COMT-inhibitor treatment (n=14). PD patients treated with either 
opicapone (n=6) or tolcapone (n=3) showed a similar abundance of Faecalibacterium prausnitzii as PD-patients 
without a COMT-inhibitor therapy. All other investigated microbiota showed no group-specific significant 
differences. A trend towards lower concentrations of fecal butyrate in entacapone treated PD-patients compared to 
those treated with opicapone or telcapone, and without treatment, was noticed. 
Conclusions: In contrast to entacapone, the two other COMT inhibitors were not associated with a decreased 
abundance of the potentially beneficial Faecalibacterium prausnitzii and butyrate. This pilot study indicates that the 
correlation observed for entacapone in our previous study might not be due to a group-effect of COMT-inhibitors, 
but might rather be entacapone-specific. Yet, longitudinal studies in larger patient cohorts are necessary to clarify 
whether a cause-effect relationship between entacapone and gut microbiota truly exists. 
References: Unger et al. Short chain fatty acids and gut microbiota differ between patients with Parkinson's disease 
and age-matched controls. Parkinsonism Relat Disord. 2016 Nov;32:66-72. 
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232 
A Case Presentation of Wilson's Disease 
D. Al Elwany, S. Ahmed, H. Deraz, C. Ragaey (Cairo, Egypt) 
Objective: To study clinical presentations of Wilson’s disease. 
Background: Wilson disease (WD; also known as hepatolenticular degeneration) is an autosomal-recessive disorder 
caused by mutation in the ATP7B gene2.This gene encodes a metal- transporting P-type adenosine triphosphatase 
(ATPase), which is expressed mainly in hepatocytes and functions in the transmembrane transport of copper within 
hepatocytes. Absent or reduced function of ATP7B protein leads to decreased hepatocellular excretion of copper 
into bile. This results in hepatic copper accumulation and injury. Eventually, copper is released into the bloodstream 
and deposited in other organs, notably the brain, kidneys, and cornea. Clinical presentation can vary widely,The 
patient needs a lifelong treatment but early diagnosis can prevent significant damage to the critical organs. 
Methods: Case Presentation 
Results: A male patient 33 years old, Married and father of 3, living at Alfayoum Egypt,no history of special habits 
of medical importanceFamily history was irrelevant. The condition started 10 years ago when the patient developed 
gait instability clumsiness of both hands one year later worsening of the symptoms difficulty of articulation despite 
good communication, 3 months ago he started to have psychotic manifestations in the form of auditory and visual 
hallucinations. Examination: staccato speechkayser fleischer rings 3 mm in diameterno nystagmusstaccato 
speechataxia of both upper limb and lower limbtruncal titubationwing beatinghead noddingnormal motor 
power/reflexesnormal sensory examinationInvestigations. MRI Brain: Diffuse cerebral, brainstem and cerebellar 
atrophyleft temporal arachnoid cystserum cupper: 36 lowserum ceruloplasmin: 3 low24 urinary cupper: 680 high. 
Abdominal U/S: diffuse parenchymal liver disease, splenomegalywilson criteria: 
Conclusions: Wilson’s disease has very wide spectrum of clinical presentations. 
References: Roberts, E. A., & Schilsky, M. L. (2008). Diagnosis and treatment of Wilson disease: an update. 
Hepatology, 47(6), 2089-2111. 
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233 
Sex-specific effect of ATXN2 rs7969300 polymorphism on age at onset in Spinocerebellar Ataxia type 2 
L. Almaguer-Mederos, S. Gispert, D. Almaguer-Gotay, R. Aguilera-Rodríguez, Y. González-Zaldívar, Y. Vázquez-
Mojena, D. Cuello-Almarales, D. Palenzuela, G. Auburger (Holguín, Cuba) 
Objective: To assess the influence of SNP rs7969300 within ATXN2 locus on the age of onset in patients with 
Spinocerebellar Ataxia type 2. 
Background: It is well known that the CAG repeat number in expanded ATXN2 alleles is the major genetic 
determinant of clinical severity in Spinocerebellar Ataxia type 2. However, there is huge variability in the clinical 
phenotype even for individuals sharing the same CAG repeat number, suggesting there are additional genetic factors 
modifying the clinical phenotype. 
Methods: Information on age of onset was obtained from 430 SCA2 patients belonging to 109 unique Cuban SCA2 
families.The CAG repeat number at the ATXN2 locus was determined by PCR followed by polyacrilamide gel 
electrophoresis. Meanwhile, the SNP rs7969300 was assessed by qPCR using a TaqMan assay. Prediction of 
potential serine residues phosphorylation sites in the ataxin-2 protein was conducted using Netphos-3.1b server. 
Results: A highly significant influence of expanded and normal ATXN2 alleles over age of onset was obtained, 
which accounted for 68.6% of the observed AO variability. The addition of SNP rs7969300 genotypes to the 
regression model improved the coefficient of determination (R2) in a 0.3%, while the inclusion of the interaction 
term between SNP rs7969300 genotypes and sex also improved it in a 0.5%. A significant difference was obtained 
for age of onset residuals across SNP rs7969300 genotypes for male but not female patients. It was predicted that 
serine residue in position 248 of ataxin-2 protein has a 99.5 probability of being a phosphorylation site. 
Conclusions: Evidence is provided for a sex-specific effect of SNP rs7969300 on the age of onset of SCA2 in 
Cuban patients. Further functional studies would be valuable to establish the role of SNP rs7969300 in SCA2 
physiopathology. 
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234 
Survival estimates for Spinocerebellar Ataxia type 2 based on age at onset and CAG repeats length 
L. Almaguer-Mederos, R. Aguilera-Rodríguez, Y. González-Zaldívar, D. Almaguer-Gotay, D. Cuello-Almarales, Y. 
Vázquez-Mojena, L. Velásquez-Pérez (Holguín, Cuba) 
Objective: To obtain survival estimates for SCA2 patients based on the age at onset and CAG repeats length . 
Background: Spinocerebellar ataxia type 2 (SCA2) is the second most frequent autosomal dominant ataxia 
worldwide, reaching its highest prevalence rate in Holguín province, Cuba. This neurodegenerative disorder is 
caused by the unstable expansion of a CAG repeat in the first exon of the ATXN2 gene, which encodes the ancient 
starvation factor Ataxin-2, which suppresses growth via mTORC1 signaling and mRNA translation. Even when 
SCA2 is a disorder with high mortality and morbidity, there is little information about survival or disease duration in 
affected patients. 
Methods: Clinical and molecular data were obtained concerning 429 alive and 147 deceased SCA2 cases. The CAG 
repeat number at the ATXN2 locus was assessed by PCR followed by polyacrilamide gel electrophoresis. Overall 
survival and survival after disease onset estimates were obtained by using Kaplan-Meier survival analysis, given a 
specific age at onset category or CAG repeat expansion. 
Results: Strong to moderate highly significant linear correlations were obtained between overall survival and age at 
onset (r=0.855; p<0.001) or CAG repeats number (r=-0.696; p<0.001) among deceased SCA2 individuals. Survival 
after disease onset was highly significantly correlated with CAG repeats number (r=-0.364; p<0.001) but not with 
the age at onset (r=0.129; p=0.12). Probabilistic estimates were obtained for survival based on the age at onset and 
CAG repeats length. 
Conclusions: A substantial contribution is provided to further describing the negative impact of disease on patient’s 
survival, and the importance of the CAG repeats length as the main genetic factor involved in determining survival 
in SCA2 patients. These findings are important for a better understanding of the natural history of the disease and 
may be relevant in evaluating the long-term impact of future therapeutic interventions. 

235 
Ataxia by Mutation in CACNA1A Gene - Case Series 
P. Almeida, J. Pedroso, I. Brandi (Salvador, Brazil) 
Objective: The present study aim to describes 4 patients of the same family with ataxia and migraine. In 2 of them 
sequencing analysis was positive for heterozygous mutation in the CACNA1A gene. 
Background: Some genes encoding ion channel-related proteins and glutamate transporter are related with 
paroxysmal neurological disorders. Different mutations in the CACNA1A gene, which encodes the the α1A subunit 
of the P/Q-type voltage-gated calcium channel, were identified in patients with Episodic Ataxia Type 2, Familial 
Hemiplegic Migraine Type 1, Spinocerebellar Ataxia Type 6 and Epileptic Encephalopathy. 
Methods: Data from 4 patients of the same family was retrospectively analyzed. The records of patients were 
generated in regular appointments between January 2006 and November 2018. 
Results: Case 1: 27 year-old man presented with impairment in writing, balance and gait . He also suffered migraine 
attacks. Examination demonstrated  dysarthria, mild gait ataxia. Brain magnetic resonance imaging (MRI) revealed 
cerebellar volume reduction. Screening was negative for inborn errors of metabolism, peroxisomal disorders and 
lysosomal storage disease. Gene panel identified heterozygous c.1748G> A, p (Arg583Gln) mutation in the 
CACNA1A gene. Case 2: 23 year-old woman presented with tremor and impairment in writing, speech, balance and 
gait. She also reported migraine. Examination demonstrated dysarthria, dysmetria, abasia and gait ataxia. MRI 
revealed cerebellar volume reduction. Gene panel identified the same heterozygous mutation in the CACNA1A 
gene. Case 3: 22 year-old woman presented with increasing impairment in balance and gait since childhood. She 
also suffered migraine attacks. Examination demonstrated strabismus, dysmetria and mild abasia. MRI revealed 
cerebellar volume reduction. Screening blood tests was negative. Ataxia gene panel was not performed. Case 4: 60 
year-old woman presented with cephalic tremor and imbalance for four decades. She not reported 
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migraine. Examination demonstrated dysarthria, dysmetria, dysdiadochokinesia, abasia and gait ataxia. MRI, blood 
tests and gene panel were not performed. 
Conclusions: We report case series of the same family presenting heterogeneous spectrum of non-episodic ataxia 
with slow progression. Two of them performed molecular test that revealed heterozygous c.1748G> A, p 
(Arg583Gln) mutation in the CACNA1A gene. Maybe this is the first report of  this mutation in a Brazilian family. 

236 
Dentatorubral-Pallidoluysian Atrophy outside of Asia: A case report of the first Austrian family harbouring 
this rare mutation 
M. Amprosi, W. Nachbauer, E. Indelicato, A. Eigentler, G. Puttinger, J. Gusenleitner, T. von Oertzen, S. Boesch 
(Innsbruck, Austria) 
Objective: To report clinical features of the first Austrian family with Dentatorubral-Pallidoluysian Atrophy 
(DRPLA). 
Background: DRPLA is a progressive disorder with an autosomal-dominant mode of inheritance. Symptoms vary 
depending on age at onset and may include myoclonus, epilepsy, chorea, dementia and ataxia. It is caused by a CAG 
trinucleotide repeat expansion in the ATN1 gene on chromosome 12. Pathophysiology is thought to be mediated by 
intranuclear inclusion, astrocytosis and neuronal loss in the pallidoluysian and dentatorubral systems. Prevalence is 
highest in Japan and other Asian populations, whereas it is rare in Europe. 
Methods: In this family three affected members, of whom one is still alive, could be identified. This patient has 
been followed up at the neurological department, Medical University Innsbruck, for over 2 years on a routine basis. 
Clinical assessments consisted of repeated neurological examinations including ataxia rating scales. Extensive 
diagnostic work up was performed, including Video-EEG monitoring, cerebral MRI, neuropsychological testing and 
neurophysiological investigations. 
Results: The 36-year-old female index patient is of Caucasian race. Disease onset was at the age of 23 with 
impairment of fine motor skills. She subsequently developed epileptic seizures, mainly focal complex. Ten years 
after disease onset she reported progressive unsteadiness with falls and cognitive decline. Clinically she showed a 
cerebellar syndrome and lower limb spasticity. The scale for the assessment and rating of ataxia (SARA) score 
progressed from 14 to 21/40 points within 2 years. Cerebral imaging showed prominent atrophy of the cerebellum 
and mesencephalon. Supratentorial cortical and subcortical atrophy as well as white matter abnormalities were 
visible. EEG exhibited diffuse cerebral dysfunction without evidence of epileptic discharges. Neuropsychological 
evaluation showed marked deficits in memory and executive functions. Genetic testing revealed a 63 CAG repeat 
expansion in the ATN1 gene. 
Conclusions: To the best of our knowledge, this is the first reported family with DRPLA in Austria, clinically 
characterized by a progressive spinocerebellar syndrome in combination with epilepsy and cognitive impairment. 
Given this clinical presentation and  asuspected dominant mode of inheritance, DRPLA, although rare, should also 
be considered in non-Asian populations. 

237 
Supportive treatments for Ataxia, a Randomized Control Trial 
M.I. Arain (Jamshoro, Pakistan) 
Objective: The objective of this study is to evaluate the effectiveness of supporting treatments that improve 
awareness and the quality of patient life and counsel them to maintain self sufficiency. 
Background: Ataxia is a neurological disorder that can cause disturbance in performed of skilled movements such 
as coordination, walk, speech, and balance. In Ataxia, patients coordinated movements and balance can be disturbed. 
Poor limb coordination, slurred and slow speech and difficulty swallowing are common symptoms of Ataxia. 
Generally, it is not curable but its complications can be control by supportive treatments of rehabilitation, 
medications, and counselling. These supportive therapies enhance the quality of life and improve the physical 
disabilities of Parkinsonism patients. 
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Methods: it is a Randomized, control single-blind trial study which is performed in Outpatient rehabilitation centre 
of Hyderabad Pakistan. Patients of ataxia were randomly selected to four week rehabilitation and counselling 
programmes and after 4 week control group start. Different complications of ataxia were analysed. The study 
outcomes of supportive therapies were measure Ataxia Rating scale after 4 week and 8 week 
Results: Total 90 ataxia patients that come in age group of 25 -50 years were evaluated during initial study. In 
which, 41 were excluded & 27 individual declined to participate. Remaining 22 were included in study analysis. 
Mostly movement complications were observed in 84% and co-existing conditions of depression were also observed 
in 71% patients. Ataxia Impact scale find out the significant improvement in health and movement activities of 
group that included in  rehabilitation counselling interventions as compared to control group(p=0.003). 
Conclusions: This study concluded that supported treatments which included rehabilitation and counselling can 
improve the health and relive from complication of ataxia in patients. However, further study is required to detect 
significant improvement after supportive non pharmacological therapies 

238 
Cerebellar ataxia and cutaneous lesions: a clinical case 
L. Azevedo Kauppila, P. Dias, C. Silva, A. Sousa, M. Rosa, L. Correia Guedes (Lisboa, Portugal) 
Objective: Highlight the complex differential diagnosis of ataxia in a patient with cutaneous lesions. 
Background: Cerebellar ataxias may accompany neurocutaneous syndromes. XP is a rare genetic disease associated 
with cutaneous photosensitivity and increased tumor susceptibility, which may also present with neurological 
manifestations. 
Methods: Description of a progressive cerebellar ataxia with cutaneous photosensitivity. 
Results: Man, 43 years-old, referenced to Neurology due to a predominantly cerebellar ataxia of insidious onset 
since the age of 22. Later on, he developed ophthalmoparesis, flaccid paralysis, mainly distal and lower limbs’ 
muscular atrophy, hyporreflexia and sensory loss (superficial and deep). He also had cutaneous photosensitivity 
since childhood, with generalized erythematous and scaly lesions, hyperpigmentation and blisters, mostly in exposed 
skin areas. There was no family history or consanguinity. Brain MRI identified diffuse cerebral, cerebellar, medulla 
and cervical and throracic spinal atrophy. EMG disclosed sensory-motor axonal polyneuropathy. Of laboratory 
investigation, there was a low vitamin E level, but the patient maintained clinical worsening under replacement 
therapy. Recessive (FA, vitamin E deficiency, AOA1, AOA2) and dominant (SCA1-3, SCA6-7, SCA10, SCA12, 
SCA17, DRPLA) ataxia genetic testing was negative. The clinical suspicion of XP was supported by a positive sister 
chromatid exchange test in UV-exposed lymphocytes, translating chromosomal instability, by the identification of a 
homozygous c.172G>A (Gly58Ser) variant in the XPA gene, of unknown significance, and by the documentation of 
DNA repair errors in UV-exposed fibroblast cultures of skin biopsies. Both parents were carriers of this variant. 
Conclusions: XP is an autosomal recessive disorder associated with DNA repair errors. We present a rare form of 
ataxia that should be considered in the differential diagnosis of cerebellar ataxias, including those associated with 
neurocutaneous syndromes with photosensitivity, and other syndromes of DNA repair defects. 
References: 1) Spivak G, Hanawalt PC. Photosensitive Human Syndromes. Mutat Res.2015;776:24–30. 2) 
McKinnon PJ. DNA Repair Deficiency and Neurological Disease. Nat Rev Neurosci.2009;10(2):100–112. 3) 
Beaudin M, Klein CJ, Rouleau GA, Dupré N. Systematic review of autosomal recessive ataxias and proposal for a 
classification. Cerebellum Ataxias.2017;23:4:3. 4) Abeti R, Zeitberger A, Peelo C, et al. Xeroderma pigmentosum: 
overview of pharmacology and novel therapeutic strategies for neurological symptoms. Br J Pharmacol. 2018, doi: 
10.1111/bph.14557. 5) Black JO. Xeroderma Pigmentosum. Head and Neck Pathol 2016;10:139–144. 

239 
Kinematic Gait Analysis in patients with ataxic disorders 
D. Batra, A. Bhattacharya, A. Stezin, N. Kamble, P. Pal (Bengaluru, India) 
Objective: To assess the kinematic gait parameters in patients with ataxia using gait analysis product “GAITRite”. 
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Background: Ataxia is a disorder of balance and coordination resulted from dysfunctions involving cerebellum and 
its afferent and efferent connections leading to balance deficits, and gait imbalance. Gait involves multiple subsets 
and each of these subsets can be assessed by measuring gait parameters using kinematic gait analysis. 
Methods: An observational study was conducted at the National Institute of Mental Health and Neurosciences 
(NIMHANS), Bangalore, India with 14 patients of genetically positive spinocerebellar ataxia. Spatiotemporal gait 
parameters were examined using the GAITRite Walkway System. All important parameters were measured 
including: step time, step length, stride length, ambulation time and velocity. The Functional Ambulation 
Performance Score (FAP) was also calculated for each patient. 
Results: We found a significant covariation in the step and stride length in almost all the patients. The mean 
normalized velocity (MNV) and the Cadence were the most affected in this particular group of patients. MNV was 
found to be 0.77 while the Cadence was 93.79 steps/min which is significantly lesser than the normative data. The 
mean FAP score was found to be 73.29 which is also significantly very less as compared to the healthy individuals. 
Conclusions: Our results indicate that patients suffering from SCA have significantly lower FAP score indicating 
very poor gait. These results indicate that the GAITRite system can be an important tool in measuring foot patterns 
and selected time and distance measurements of individuals with cerebellar dysfunction.It may also be used to assess 
improvement  after rehabilitation as well as genetic and   medical interventions. 

240 
Two novel ANO10 mutations causing adult-onset autosomal recessive spinocerebellar ataxia 
B. Bergmans, S. Donatello, M. Pandolfo, C. Depondt (Brugge, Belgium) 
Objective: Clinical and genetic characterization of a patient 
Background: In recent years mutations more than 100 different genes have been shown to underlie spinocerebellar 
ataxias. The wider availability of gene panels and whole-exome sequencing has greatly improved diagnostic 
accuracy. 
Methods: We clinically characterize the patient. The ANO 10 mutations were discovered using a 142 ataxia gene 
panel in the proband and confirmed by Sanger sequencing in the proband and the parents. 
Results: Symptom onset was at age 25, with speech, gait and balance disturbance. She had a previous history of 
depressions treated with lithium. She was first diagnosed with lithium-induced cerebellar degeneration. However, 
she never experienced a lithium intoxication and her symptoms progressed even after stopping lithium. When she 
presented in 1997 there were no parkinsonian signs, oculomotor apraxia or associated neuropathy. She later 
developed an additional pyramidal syndrome. At the age of 45 she could not walk unaided. Cerebellar ataxia was 
evident, as well as cerebellar dysarthria. Her smooth pursuit was saccadic, her saccades were dysmetric and there 
was a downbeat nystagmus.There was no family history. The brain MRI showed marked cerebellar atrophy. The 
laboratory testing showed no abnormalities. Sequencing demonstrated 2 novel ANO10 mutations (the parents were 
heterozygous for one of the mutations). Both variants are absent in the ExAc database. She was thus diagnosed with 
SCAR 10 or ARCA 3.The two mutations occur in highly conserved sites within ANO10. The Exon 8: 1219-1G>T 
mutation is a splice site mutation and the Exon 7: C1170G: p.H390Q mutation substitutes a highly conserved amino 
acid at the cytosolic border of the 5th predicted transmembrane domain. 
Conclusions: In our patient novel elements during the disease course led to the questioning of the original diagnosis 
of a lithium-induced cerebellar degeneration. Mutations in anoctamin-10 (ANO10), like in our patient, have 
emerged in recent years as an important cause of autosomal recessive spinocerebellar ataxias.Our findings 
demonstrate the power of next generation sequencing techniques. 
Recently an algorithm, RADIAL, has been developed to predict possible causative genes in autosomal recessive 
spinocerebellar ataxias. Interestingly, ANO10 was the first predicted gene in our patient when using this algorithm. 
References: - Balreira et al. J Neurol 2014. ANO10 mutations cause ataxia and coenzyme Q10 deficiency. - Pyle et 
al. Brain 2015. Exome sequencing in undiagnosed inherited and sporadic ataxias. - Renaud et al. Ann Neurol 2017. 
A recessive ataxia diagnosis algorithm for the next generation sequencing era. 
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241 
Exergame training in Early Onset Ataxia patients 
R. Brandsma, I. Ganzevoort, M. Berg, Z.T. Dominguez Vega, L.D. Jelsma, M.M. Schoemaker, N.M. Maurits, C. 
Lamoth, D. Sival (Groningen, Netherlands) 
Objective: In ambulant EOA children, we aimed to study the effect of a medically designed “ice-skating exergame” 
on balance, posture and muscle force parameters 
Background: Non-lesional cerebellar Early Onset Ataxia (EOA) concerns a heterogeneous group of progressive 
disorders with limited therapeutic options. Recent EOA studies have shown that exergame (video-game) training 
may improve motor coordination, but the underlying mechanism is unclear. If cerebellar motor learning is involved, 
we hypothesized that exergame training would improve cerebellar parameters, independent of muscle force 
alterations. 
Methods: We included 5 ambulant age-matched EOA children and controls (age range: 4-9 years). Each child 
completed home-based exergame training sessions (duration: 30 minutes, frequency: 3x/week, period: 6 weeks). We 
determined the training effect on: 1. Scale for Assessment and Rating of Ataxia (SARA, -total and –posture) scores, 
2. Pediatric Balance Scale (PBS) scores, 3. muscle force alterations (i.e. altered muscle force ≥ ± 1 SD) and 4. 
personal goal attainment scores (GAS). 
Results: Included children revealed “improved” calculated median points of: SARA-total and -posture: -1(-6 to -1) 
and -1 (-3 to -1) versus 0 (-2 to 0) and 0 (-2 to 0); PBS 3 (-3 to 11) versus 0 (1 to 0) and GAS: 2 (0 to 2) versus n.a., 
[median (range); EOA versus controls, respectively]. Muscle force did not change 
Conclusions: In EOA children, ice-skating exergame data revealed a potentially beneficial effect on balance and 
posture, independent of muscle force. Since the motor learning effect seems stronger in children with cerebellar 
pathology than in controls, it is tempting to speculate that other mechanisms (such as prefrontal visual-motor 
compensation) could be involved. Hopefully, our future data will elucidate this. 

242 
Ataxia with(out) oculomotor apraxia: A unique SETX mutation in 3 siblings 
B. Bulica, P. Khemani, A. Kuhlman, N. Patel (West Bloomfield, MI, USA) 
Objective: Ataxia with oculomotor apraxia type 2 (AOA2) is an autosomal recessive cerebellar ataxia due to SETX 
gene mutation characterized by progressive cerebellar atrophy,  neuropathy, oculomotor apraxia and elevated serum 
alpha-fetoprotein. Various mutations have been described, most of which are missense, nonsense and frameshift 
mutations. We report the clinical features and genetic testing of 3 siblings sharing a unique, large, homozygous 
deletion of exon 20 in the SETX gene. 
Background: Ataxia with oculomotor apraxia 2 (AOA2) is the second most common autosomal recessive ataxia 
characterized by progressive cerebellar atrophy, neuropathy, oculomotor apraxia and elevated serum alpha-
fetoprotein [1]. Mean age of onset is 10-14 with progressive onset of ataxia, dystonia, chorea and tremor [2]. Despite 
the syndrome’s name, oculomotor apraxia is absent in approximately 50% of patients with AOA2 [1]. AOA2 is 
associated with mutation in the gene coding for senataxin (SETX) located on chromosome 9q34. SETX plays an 
important role in RNA homeostasis and maintenance of genomic integrity [3,4]. Absence of senataxin in the neural 
progenitor cells is associated with oxidative stress and cell death [3,4, 5]. AOA2 has been associated with a variety 
of autosomal recessive mutations across the SETX gene resulting in loss of function of the gene [6]. 
Methods: Three siblings born to non-consanguineous parents of Mexican descent were found to have SETX 
gene mutations. Deletion/duplication analysis revealed a novel homozygous 1.9kb in-frame deletion of chromosome 
20 with breakpoints in introns 19 and 20 corresponding to a minimum deletion boundary via aCGH of chr9: 
135,156,150-1356,158,050 (GRCh37/hg19) in Case 1 and a similar homozygous deletion encompassing exon 20 
with genomic breakpoints at nucleotide positions g135,158,116 in exon 19 and g135,156, 150 in intron 20 in Cases 
2 and 3. 
Results: Clinical characteristics are outlined in Table 1. 
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Conclusions: A variety of mutations distributed throughout the SETX gene have been linked to AOA2. Most SETX 
deletions reported are small and considerably fewer span entire or multiple exons [1,7.8]. The 3 siblings described 
above exhibit a unique, large, in-frame homozygous deletion of exon 20, not previously described. The 
homozygosity of the deletion also suggests consanguinity that is unknown to the family. This case series highlights 
the phenotypic heterogeneity of the same genetic mutation in siblings. 
References: 1. Anheim, M. et al. Ataxia with oculomotor apraxia type 2: clinical, biological and 
genotype/phenotype correlation study of a cohort of 90 patients. Brain 2009;132:2688-2698 2. Pearson, T.S., 2016. 
More Than Ataxia: Hyperkinetic Movement Disorders in Childhood Autosomal Recessive Ataxia Syndromes. 
Tremor Other Hyperkinet Mov (N Y) 2016;6:368. 3. Bennett, C.L., La Spada, A.R. Unwinding the role of senataxin 
in neurodegeneration. Discov Med. 2015;19, 127-136. 4. Moreira, M. et al. Senataxin, the ortholog of a yeast RNA 
helicase, is mutant in ataxia-ocular apraxia 2. Nat Genet 2004;36:225-227 (2004). 5. Chen, YZ., et al. DNA/RNA 
helicase gene mutations in a form of juvenile amyotrophic lateral sclerosis (ALS4). Am J Hum Genet 1996;74:1128-
1135 6. Fogel, B.L., et al. Mutation of senataxin alters disease-specific transcriptional networks in patients with 
ataxia with oculomotor apraxia type 2. Hum Mol Genet. 2014;23: 4758-4769. 7. Criscuolo C. et al. Ataxia with 
oculomotor apraxia type 2: a clinical, pathologic, and genetic study. Neurology 2006;66(8):1207-1210 8. Nanetti, L. 
et al. SETX mutations are a frequent genetic cause of juvenile and adult onset cerebellar ataxia with neuropathy and 
elevated serum alpha-fetoprotein. Orphanet J Rare Dis. 2013;8:123 
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243 
Polysomnographic features of Spinocerebellar Ataxia type 3 – a case report 
D. Carneiro, I.L. Luzeiro, A. Morgadinho (Coimbra, Portugal) 
Objective: To describe, through a case report, the range of abnormal sleep patterns of Spinocerebellar Ataxia type 3 
(SCA3). 
Background: SCA3 is a progressive neurodegenerative condition caused by a CAG repeat. Although it is clinically 
diagnosed by a characteristic spinocerebellar ataxia, there are commonly recognized extra-cerebellar features which 
can be suitable to symptomatic treatment. One of these features is sleep pattern disruption with Rapid Eye 
Movement (REM)-Sleep Behaviour Disorder (RSBD), Restless Legs Syndrome (RLS), Periodic Limb Movement 
during Sleep (PLMS), Obstructive Sleep Apnoea Syndrome (OSAS) and Excessive Daytime Sleepiness (EDS). 
Even that, sleep disorders are not thought to be related with clinical severity, triplet repetition length or any other 
clinical variability. 
Methods: Case Report. 
Results: We present a 63-year-old man with an adult-onset SCA3 now evolving for 20 years. He also had a treated 
arterial hypertension and he is brother of two SCA3 women patients. While he has been stable in terms of motor 
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impairment, with a Scale for the assessment and rating of ataxia (SARA) score of 11, he recently started 
complaining about vivid dreams, some abrupt awakenings during the night and abnormal movements during sleep. 
He also complained about EDS. Polysomnography revealed sleep structure disruption with fragmented sleep. REM 
phases were compatible with RSBD and short. He had around 60 PLMS per hour. Finally, respiratory evaluation 
was compatible with a severe SAOS with a respiratory disturbance index of 35 per hour. The patient will be treated 
with Continuous Positive Airway Pressure (CPAP) and Clonazepam. 
Conclusions: We reported an extensive range of SCA3 sleep disorder patterns in only one patient. 

244 
Brain MRI-based discrimination between multiple system atrophy type cerebellar from other late onset 
sporadic cerebellar ataxias: a prospective study with implications for diagnosis criteria 
G. Carré, J.L. Dietemann, O. Gebus, S. Montaut, O. Lagha-Boukbiza, T. Wirth, S. Kremer, I.J. Namer, M. Anheim, 
C. Tranchant (Strasbourg, France) 
Objective: To evaluate, in patients with sporadic late-onset cerebellar ataxia (SLOCA), the discriminative value of 
each of the magnetic resonance imaging (MRI) features for the diagnosis of multiple system atrophy type cerebellar 
(MSA-C),to follow their evolution during the course of MSA-C, and to search correlations between each of these 
MRI features and clinical and paraclinical signs (DaTscan). 
Background: The second consensus statement for the diagnosis of MSA-C includes pons and middle cerebellar 
peduncle (MCP) atrophy as MRI features. However, other MRI abnormalities such as MCP hyperintensity, hot cross 
bun sign (HCB), putaminal hypointensity and hyperintense putaminal rim sign have been described, and these MRI 
features have been rarely studied for the diagnostic of MSA-C in particular with population of cerebellar ataxia. 
Methods: Consecutive patients referred for cerebellar ataxia for SLOCA (age at onset > 40) underwent 
comprehensive clinical evaluation, brain MRI, DaTscan and a 1-year follow up. 
Results: Among 80 patients, 26 had MSA-C, 22 another diagnosis, and 32 no diagnosis at the end of the follow up. 
At baseline, MCP hyperintensity and HCB sign were more frequent in MSA-C than in other patients with SLOCA 
(p<0.0001), and had the highest specificity (98.5%) and positive predictive value (91.7%) for the diagnosis of MSA-
C, compared to all other MRI signs. The most relevant MRI sequence regarding HCB sign was the T2-proton 
density (DP) weighted. All MRI features were more frequent with disease duration. No correlation was found 
between any MRI feature and neither clinical data, nor dopaminergic neuronal loss (p=0.5008), except between 
vermis atrophy and UPDRSIII. 
Conclusions: MCP hyperintensity and HCB sign should be added to MRI criteria for diagnosis of MSA-C. MRI 
signal abnormalities suggestive of MSA-C should be searched for in suitable sequence. 

245 
Cockayne Syndrome manifesting as late adult onset cerebellar ataxia: expanding the phenotype 
R. Chuang (Seattle, WA, USA) 
Objective: To report an atypical case of Cockayne Syndrome manifesting as pure adult onset cerebellar ataxia. 
Background: Cockayne Syndrome (CS) is a rare autosomal recessive neurodegenerative disease caused by 
mutations in either ERCC8 or ERCC6 genes, with key manifestations of growth failure, microcephaly, learning 
disability, retinal degeneration, sensorineural hearing loss & photosensitivity [1]. Age of onset and severity of the 
disease define three different CS subtypes. Type 1 (classic) has moderate symptoms and is diagnosed in childhood. 
Type 2 is severe and early in onset. Type 3 is mild and typically diagnosed in adolescence/early adulthood. 
Methods: Case Report. A 51 year old male, referred for gait abnormality, had presented to his primary care 
physician at age 49 for “dizziness” when looking up. He denied any gait or balance difficulties except tendency to 
walk near walls; however, his spouse had noticed clumsy gait since his 20s. Throughout school, he played sports. . 
He attributed his speech to regional patterns. He denied learning problems, graduated from college and teaches 
special education. Family history was negative for learning disability or ataxia. He denied photosensitivity. Exam 
was significant for hypermetric saccades and slight dysarthria with SARA score of 8.5. Sensory exam and reflexes 
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were normal. Head circumference is >97%, weight 93kg and height of 175cm.  MoCA was 25/30. Subsequent 
cardiac, endocrine and ophthalmological tests were normal. Brain MRI demonstrated diffuse hypomyelination with 
mild cerebral and cerebellar atrophy [Figure 1]. 
Results: Next generation sequencing of 190 genes associated with leukodystrophy revealed 2 mutations in the 
ERCC6 gene: c.2167C>T pGlyn723X is a known pathogenic mutation and c.1820A>T p.Lys607Met was reported 
as a VUS. Parental testing confirmed inheritance of one mutation from each parent. 
Conclusions: Prior cases of CS Type 3 had various combinations of dwarfism, cachexia, microcephaly, hearing 
loss, photosensitivity, or ataxia with reduced lifespan. Others have described photosensitivity, similar to XP, as the 
sole clinical manifestation [2]. This patient is a unique presentation with late onset, slowly progressive pure 
cerebellar ataxia, thus expanding the phenotypic spectrum of CS. 
References: 1. Calmels et al. Functional and clinical relevance of novel mutations in a large cohort of patients with 
Cockayne Syndrome. J Med Genet, 2018 May; 55(5):329-343. 2. Laugel, Vincent. Cockayne syndrome: the 
expanding clinical and mutational spectrum. Mech Ageing Dev, 2013 May-June; 134(5-6): 161-70. 

 

246 
A recessive repeat expansion causes CANVAS and is a common cause of Late-Onset Ataxia 
A. Cortese, H. Houlden, M. Reilly, S. Zuchner, W. Marques, P. Fratta, A. Bronstein, A. Rossor, A. Rebelo, E. Buglo, 
N. Andrade, N. Wood, D. Kaski, S. Efthymiou, V. Salpietro, M. Versino, I. Callegari, D. Devigili, P. Tomaselli, E. 
Tribollet, M. Ilyas, J. Polke, P. Sivakumar, Z. Jaunmuktane, J. Humphrey, Y. Yan, H. Tariq, J. Vandrovcova, R. 
Sullivan, R. Simone (London, United Kingdom) 
Objective: To identify and characterize the genetic cause of common, idiopathic, cerebellar ataxia. 
Background: Late-onset ataxia is a common reason for neurological consultation, but its cause often remains 
idiopathic. Cerebellar dysfunction, but also proprioceptive or vestibular impairment, can lead to ataxia. When in 
combination, this more severe type of ataxia is termed cerebellar ataxia, neuropathy, vestibular areflexia syndrome 
(CANVAS). Both sporadic and familial cases of CANVAS have been reported, suggesting the possibility of a 
recessive transmission of the disease. The a of this study was to identify the genetic cause of CANVAS and sensory 
ataxia. 
Methods: We performed non-parametric linkage analysis and genome sequencing. The presence of the repeat 
expansion was confirmed by repeat-primed PCR, long-range PCR and southern blot. Functional studies were 
performed to assess the effect of the repeat expansion on the expression of the repeat-hosting gene. 
Results: We identified an intronic recessive repeat expansion in as the cause of CANVAS and a common cause of 
late-onset sensory ataxia. The recessive repeat expansion, ranging in patients from 400 to several thousand repeats, 
showed full segregation in 23 cases from 11 families. Additionally, 33 (22%) out of 150 sporadic cases with late-
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onset ataxia from a single-centre carried the recessive repeat expansion. The percentage raised to 62% in patients 
with sensory neuronopathy and cerebellar involvement and 92% in full-blown CANVAS disease. Notably, the 
pentanucleotide repeat expansion does not affect expression of the repeat hosting gene at mRNA and protein levels 
in patient fibroblasts. 
Conclusions: These data, together with the observation of an carrier frequency of the expanded repeat of 0.7% the 
European population, suggesting that this pentanucleotide repeat expansion represents a frequent cause of late-onset 
ataxia and raises the possibility of unconventional disease-causing mechanisms in this late-onset recessive disorder. 

247 
A descriptive study with molecular and cytogenetic analysis in patients of ataxia telangiectasia(AT) from the 
Indian subcontinent 
S. Das, S. Danda, M. Thomas, S. Yoganathan, V. Srivastava, S. Cleave A, A. Barney (Vellore, India) 
Objective: To characterize the clinical and radiological phenotype in patients with AT and correlate with the genetic 
analysis. 
Background: AT is a rare autosomal recessive neurodegenerative disorder characterized by cerebellar ataxia, 
telangiectasia, predisposition to malignancy and immunodeficiency. Over the years, we have observed that, AT has 
been widely studied in different population groups, but there are few studies in population from the Indian 
subcontinent. Therefore, this is an attempt  to look for typical and atypical clinical features as well as genetic 
findings in this population. 
Methods: A retrospective study was conducted in 15 patients diagnosed clinically with AT over the last 5 years 
using data collected through electronic medical records. Analysis was done using SPSS v.21.0 
Results: Out of the 15 patients 67% of them were males and 33% females. Consanguinity was observed in 33% of 
them. A positive family history was present for 33% of patients.Around 80%of them presented clinically with 
slurred speech, ocular telangiectasia and 100% of them had cerebellar ataxia. Only 46.7% had oculomotor apraxia. 
Dystonia was observed in 13%. Atypical Brain MRI findings were polymicrogyria, focal bleed in posteromedial 
aspect of left temporal lobe, mild dysmorphic appearance of corpus callosum. Hyper IgM syndrome was detected in 
40% of patients. Abnormal karyotype was reported in 12 subjects. Mutations were reported in ATM gene of 8 
patients who underwent molecular testing. Amongst identified mutations, 7 were reported in HGMD/dbSNP and 3 
are novel.One patient who presented with ichthyosis was identified to have an additional CYP4F22 mutation. None 
of the patients developed malignancy till last follow up nor was there a family history of cancer. 
Conclusions: We observed consanguinity was high in our series. Telangiectasia was not present in 20% despite 
positive cytogenetic and molecular findings. Molecular analysis identified different mutations in 8 patients. AT 
should be confirmed by molecular or clinical exome testing in young onset cerebellar ataxia even without 
telangietasia. 

248 
Abnormal Gait in Cerebrotendenious Xanthomatosis a case report 
S. El-Jaafary, H. Amer, S. Ali, S. Sherif (Cairo, Egypt) 
Objective: To identify patients with Cererotendenious xanthomatosis. 
To present the neurological spectrum of the disease.  
Background: Cerebrotendenious xanthomatosis is a rare lipid storage disease due to mutation in one CYP 450 
mitochondrial leading to accumulation of cholestanol In multiple tissues including the brain. Main clinical criteria 
are chronic diarrhea,  presenile cataracts,  tendinous xanthomas,  neurologic abnormalities. It can  can present at any 
age, from the neonatal period to the sixth decade of life or later.It is reversible if diagnosed and treated. 
Methods: 25 year old male patient presented with abnormal gait and recurrent falls, positive family history, together 
with delayed milestone, epilepsy and premature cataract.   
Examination reveled: Subnormal mentality, bilateral cataract, scanning speech,ataxia in upper and lower 
limbs,weakness with hyporeflexia. ankle Xanthomas. 
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Results: MRI: T2 hyperintensity of the dentate nucleus and cerebellar white matter are seen, alongside cerebellar 
atrophy. Ill defined, symmetrical periventricular hyperintensity. 
EMG, NCV: Distal predominantly motor mixed axonal and demyelinating peripheral neuropathy affecting both 
lower limbs. 
DEXA Scan: Diffuse osteopenia mounting to osteoporosis. 
Conclusions: Cerebrotendenious xanthomatosis is a rare disease that can present with extrapyramidal symptoms, it 
can be reversible if recognized and treated. 

249 
Brain and spinal cord structural alterations in non-ataxic and ataxic SCA3 mutation carriers 
J. Faber, I. Giordano, B. Koyak, R. Wolz, S. Romanzetti, M.C. Franca Jr, H. Jiang, A. Durr, B. Bender, J. 
Diedrichsen, T. Klockgether (Bonn, Germany) 
Objective: As new therapies for SCA3 are on the horizon, there is an urgent need to identify and validate sensitive 
biological markers that reflect the individual disease profile. Of particular interest are markers that are already 
sensitive in the pre-ataxia stage. As SCA3 is associated with widespread cerebral and spinal cord structural 
alterations [1][2][3], MRI-based brain and spinal cord morphometric measures are promising candidates for such 
markers. 
Background: The European Spinocerebellar Type 3/Machado-Joseph Disease Initiative (ESMI) set up a trial ready 
cohort. In addition to a detailed clinical assessment MRI was pro- and retrospectively collected. In this analysis we 
included all available T1 MRI for a cross-sectional volumetric analysis in a large cohort of non-ataxic and ataxic 
mutation carriers and healthy controls. 
Methods: We collected T1 MRI of 326 subjects. We included 40 non-ataxic, 177 ataxic mutation carriers and 31 
healthy controls in this interim analysis. To obtain individual morphometric profiles, we applied an optimized, 
automated analysis pipeline (Learning Embeddings for Atlas Propagation), that allows to segment the brain into 167 
substructures for volumetric measurement [4]. In addition, the cervical spinal cord was manually segmented in a 
semiautomated way, and the cross-sectional area at the C2/C3 level was determined. 
Results: Compared to controls, volumes of the medulla oblongata, pons, midbrain and pallidum were reduced in 
non-ataxic mutation carriers. In addition the 4th ventricle was enlarged. Ataxic mutation carriers had reduced 
volumes of cerebellar lobules, midbrain and pons, compared to non-ataxic mutation carriers. The left-right and 
anterior-posterior diameter of the spinal cord at the C2/C3 level was reduced in ataxic mutation carriers. 
Conclusions: Use of an automated segmentation tool allowed to obtain individual brain morphometric profiles of 
SCA3 mutation carriers. Our data suggest that neurodegeneration of the pallidum, brainstem and cerebellar 
pathways reflected by enlargement of 4th ventricle starts before manifestation of ataxia, while cerebellar and spinal 
cord degeneration goes in parallel with the development of ataxia. We identified pallidum, brainstem and 4th 
ventricle volumes as sensitive markers of the pre-ataxia stage. They may thus serve as outcome markers in future 
preventive trials. Preliminary results were presented at the SCA global conference, March 2019. 
References: 1 - Reetz K, et al. Brain 2013; 136:905–17. 2 - Rezende TJR, et al. Ann Neurol. 2018; 2018 
Sep;84(3):401-408. 3 - Lukas C, et al. J Neurol. 2008 Aug;255(8): 1244-9. 4 – Wolz R, et al. Neuroimage 2010 Jan 
15; 49(2): 1316–1325. 

250 
Two heterozygous SNYE1 mutations presenting as spasmodic adductor dysphonia, task-specific jaw dystonia, 
generalized dystonia, and ataxia in a Jamaican man 
E. Feinstein, P. Surathi (Newark, NJ, USA) 
Objective: Expanding the phenotype of SYNE1 mutations to include dystonia with ataxia. 
Background: In 2007 mutations in the SYNE1 gene were found to cause a recessive pure cerebellar ataxia (1). 
Typical patients progress slowly with late-onset ataxia, moderate to severe dysarthria, and cerebellar atrophy (1,2). 
Subsequent genetic research identified multiple mutation sites causing truncation, missense, and frameshift 

This article is protected by copyright. All rights reserved.



mutations in the SYNE1 gene with a variety of phenotypes including upper and lower motor neuron disease, 
brainstem dysfunction, mental retardation and musculoskeletal abnormalities (3, 4). Most phenotypes include both 
cerebellar and non-cerebellar symptoms (4). We report 2 novel heterozygous mutations in a Jamaican man with 
cerebellar ataxia and generalized dystonia with task-specific jaw dystonia when talking. 
Methods: All examinations and interviews were performed after obtaining informed consent from the patient. 
Whole blood was analyzed via Athena labs Ataxia Panel used Next Generation Sequencing, Repeat Expansion 
Detection by PCR, Dosage analysis, and Southern Blot. 
Results: A 74-year-old man presented with difficulty talking since age 60, with initial symptoms of speech 
stuttering, which progressed to spasmodic adductor dysphonia and talking-specific dystonia consisting of forceful 
jaw closure with forwarding thrusting. Laryngoscope showed bilateral adductor spasms on phonation only. By age 
73 developed dystonic posting of the hands and right foot. Around age 60 he had progressive worsening of balance 
with a severe decline after age 70. At age 74 he had an ataxic gait with upper and lower limb ataxia. Brain MRI 
showed cerebral and cerebellar atrophy. Genetic testing revealed 2 heterozygous mutations: c.7494: 1bp duplication 
of A: codon 2499, resulting in a heterozygous frameshift; and c.336-1G>A heterozygous splice site.  No other 
affected family members identified. 
Conclusions: Until our current report, SYNE1 mutations causing dystonia with ataxia has not been reported. This is 
also the first report of SYNE1 mutations in a Jamaican person, to our knowledge. This case presents a unique 
phenotype of spasmodic adductor dysphonia, taking-specific dystonia, and mild generalized dystonia involving the 
hands and right leg icombined with slowly progressive ataxia with cerebellar atrophy associated with 2 SYNE1 
mutations. 
References: 1) Gros-Lousi F, Dupre N, Dion P, Fox MA, Laurent S, Verreault S, Sanes JR, Bouchard JP, Rouleau 
GA. Mutations in SYNE1 lead to a newly discovered form of autosomal recessive cerebellar ataxia. Nat Genet. 
2007: 39(1): 80-5. 2) Noreau A, Bourassa C, Szuto A, Levert A, Dobrzeniecka S, Gauthier J, Forlani S, Durr A, 
Anheim M, Stevanin G, Brice A, Bouchard J, Dion P, Dupre N, Rouleau GA. SYNE1 Mutations in autosomal 
recessive cerebellar ataxia. JAMA neuro, 2913 : 70910): 1296-31. 3) Izumi Y, Miyamoto R, Morino H, Yoshizawa 
A, Nishinaka K, Udaka F, Kameyama M, Maruyama H, Kawakami H. Cerebellar ataxia with SYNE1 mutation 
accompanying motor neuron disease. Neurology 2013: 5;80(6):600-1. 4) Synofzik M, Smets K, Mallaret M, Di 
Bella D, Gallenmüller C, Baets J, Schulze M, Magri S, Sarto E, Mustafa M, Deconinck T, Haack T, Züchner S, 
Gonzalez M, Timmann D, Stendel C, Klopstock T, Durr A, Tranchant C, Sturm M, Hamza W, Nanetti L, Mariotti 
C, Koenig M, Schöls L, Schüle R, de Jonghe P, Anheim M, Taroni F, Bauer P. SYNE1 ataxia is a common recessive 
ataxia with major non-cerebellar features: a large multi-centre study. Brain. 2016: 139(Pt 5):1378-93. 
 

251 
Huntington’s Disease presenting as sporadic cerebellar ataxia 
G. FRANKLIN, F. NASCIMENTO, G. PAVANELLI, S. MILANO, H. TEIVE, N. LIMA, S.R. raskin (curitiba, Brazil) 
Objective: To describe a unique case of a woman who presented as a progressive cerebellar ataxia, with no family 
history of neurological diseases, that after extensive investigation was diagnosed as Huntington's Disease (HD). 
Background: Motor symptoms in HD are typically related to chorea and occasionally parkinsonism, myoclonus, 
and dystonia. Non-choreiform movements, such as ataxia, are rarely seen at the presentation of patients with HD. 
Methods: Report of a case evaluated at ataxia's ambulatory in neurology department of Federal University of 
Parana, in Curitiba, Brazil. 
Results: A 42-year-old previously healthy woman presented with a one-year history of progressive gait imbalance 
followed by personality changes including excessive irritability and anxiety. Family history was negative for any 
neurological condition. Examination revealed gait ataxia, slow saccades with increased latency, mild dysmetria, 
dysarthria, bradykinesia, and mild cognitive impairment (MMSE of 23/30). No involuntary movements were 
observed. Further work up included blood tests (vitamin E, alpha-fetoprotein, albumin) and MRI brain; the former 
were negative while the latter showed diffuse atrophy. The diagnosis at that time remained unclear; the patient was 
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treated conservatively. Two years thereafter, she developed appendicular choreiform and dystonic movements. Brain 
imaging was repeated, which then showed diffuse atrophy as well as atrophy of the caudate nuclei. Genetic testing 
revealed in the patient 19/45 CAG repeats in the HTT gene, which was consistent with HD. Parental testing revealed 
15/17 expansions in the mother, and 14/29 expansions in the father, showing an allele in the intermediary range of 
mutation. 
Conclusions: The case described above has at least two important peculiarities – (i) the atypical presentation, which 
comprised of cerebellar ataxia two years prior to the development of involuntary movements, (ii) the negative family 
history. 
Clinicians should be familiar with the possibility of patients with HD presenting with ataxia, without any initial 
association with chorea, and with no family history of movements disorders. This knowledge is of paramount 
importance because it may prevent misdiagnosis of sporadic ataxia in early stages of HD. 
References: 1. American college of medical genetics/american society of human genetics/huntington disease 
genetic testing working group (acmg/ashg statement). Laboratory guidelines for Huntington disease genetic testing. 
Am J Hum Genet, v. 62, p. 1243-1247, 1998. 2. Hayden MR. Huntington’s Chorea. New York: Springer- Verlag, 
1981   3. Squitieri F, Berardelli A, Nargi E, Castellotti B, Mariotti C, Cannella M, Lavitrano ML, de Grazia 
U, Gellera C, Ruggieri S. Atypical movement disorders in the early stages of Huntington's disease: clinical and 
genetic analysis. Clin Genet. 2000 Jul;58(1):50-56 4. Dong Y, Sun Y-M, Liu Z-J, Ni W, Shi S-S, Wu Z-Y. Chinese 
patients with Huntington’s disease initially presenting with spinocerebellar ataxia. Clin Genet 2012 5. Almqvist 
E.W., Elterman D.S., MacLeod P.M., Hayden M.R. High incidence rate and absent family histories in one quarter of 
patients newly diagnosed with Huntington disease in British Columbia. Clin. Genet. 2001;60:198–205. 

252 
Study of eye movements as a tool in the diagnosis hereditary ataxias 
D. Gasca Saldaña, Y. Sánchez Jimenez, M.C. Boll (Mexico City, Mexico) 
Objective: To study ocular movements (ocular pursuit, nystagmus and saccades) in the most frequent ataxias 
(SCA2, SCA3 and Friedreich's ataxia), to find out which variables allow to discriminate between the different 
hereditary ataxias. 
Background: Degenerative ataxias are a heterogeneous group of entities represented by a great majority of spino-
cerebellar ataxias (SCAs), especially of types 2,3,7,10 and 17 in our environment, as well as the most frequent of the 
recessive ones, Friedreich’s ataxia (FA). In general, patients present a cerebellar syndrome accompanied by 
oculomotor disorders, among other manifestations. Our interest was to find the type of oculomotor alteration that 
characterizes each entity. The approach to this investigation was made through oto-neurophysiological tests. 
Methods: We studied 25 patients with molecular diagnosis of SCA2, SCA3 and FA, who gave their informed 
consent to be submitted to the oto-neurophysiological tests of the protocol. 
Descriptive exploration of the 3 groups was carried out before a multivariate analysis, taking the diagnosis as 
dependent variable. A set of independent neurophysiological variables was composed by ocular pursuit, the speed of 
saccades, the presence of saccadic intrusions, anti-saccades, optokinetic nystagmus, spontaneous nystagmus, oculo-
vestibular reflex and caloric tests among others. 
Results: We studied 25 subjects, 13 men and 12 women ( 11 with SCA2, 8 with SCA3 and 6 with FA). 
The average age of onset was 24.5 years, being significantly younger in patients with Friedreich ataxia. Six of nine 
variables showed a highly significant difference in one of the three entities (saccades velocity, saccadic intrusions, 
antisaccades, VOR). The speed of ocular pursuit is altered in SCA2 (p = 0.001) as well the anti-saccade test(p 
<0.001). The presence of saccadic intrusions is as a characteristic of Friedreich's Ataxia (p <0.001). We found that 
the horizontal optokinetic reflex is more affected in SCA3 (p = 0.016).The oculovestibular reflex (VOR) cannot be 
performed in SCA2 due to a gegenhalten cervical phenomenon (p = 0.009). Finally the caloric tests are normal in 
AF while they show only drift in SCA2 and the greater affectation in SCA3 (p = 0.004) 
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Conclusions: Two third of the oto-neurophysiological variables where significantly affected in one of the three 
entities. The study of these aspects of eye movements could guide the clinical diagnosis before the molecular 
confirmation. 

253 
A homozygous pentanucleotide repeat expansion in cerebellar ataxia, neuropathy and vestibular areflexia 
syndrome (CANVAS) 
M. Gisatulin, V. Dobricic, Y. Hellenbroich, V. Tadic, A. Münchau, C. Zühlke, M. Bahlo, P. Lockhart, K. Lohmann, 
C. Helmchen, N. Brüggemann (Lübeck, Germany) 
Objective: To identify the genetic cause in patients with CANVAS recruited at the University Hospital of 
Schleswig-Holstein, Campus Lübeck. 
 
 
Background: CANVAS is a late-onset neurological syndrome characterized by the combination of cerebellar 
ataxia, neuropathy and bilateral vestibular areflexia. The clinical diagnosis of CANVAS might be missed due to a 
limited awareness for vestibular areflexia and sensory pathology as the clues to the correct diagnosis. A 
homozygous, intronic pentanucleotide expansion has recently been identified as the underlying genetic cause of 
CANVAS. 
Methods: We included 82 individuals of whom 15 had “complete CANVAS” (triad of clinical signs), 7 with 
“incomplete CANVAS” (all three systems affected but incomplete), 46 patients with late-onset cerebellar ataxia of 
undetermined cause without specific information on sensory and vestibular function, and 14 healthy controls. We 
tested for the repeat expansion using a duplex PCR. Furthermore, a repeat-primed PCR was established. Sanger 
sequencing was used to ensure specificity of the assays. 
Results: The homozygous pentanucleotide expansion was identified in 14/15 patients (93.3%) with “complete 
CANVAS”, in 1/7 (14.2%) with “incomplete CANVAS”, and in 3/46 (6.5%) of other ataxia patients but in none in 
any of the controls. The existence of the expanded repeat was validated by repeat-primed PCR. 
Conclusions: A homozygous pentanucleotide repeat expansion is a highly frequent cause of CANVAS explaining 
the vast majority of cases. The presence of the repeat expansion also in “incomplete CANVAS” and unselected 
ataxia patients suggests that the diagnosis of CANVAS might often be clinically missed in patients who were not 
specifically tested for sensory and vestibular dysfunction. The mechanism by which the repeat expansions are 
causing disease remains unclear and warrants further investigations. 
 

254 
Phosphodiesterase inhibitors as a treatment for Friedreich's ataxia 
J. González-Fernández, E. Zucchet, P. Calap-Quintana, P. González Cabo, M.D. Moltó Ruiz (València, Spain) 
Objective: To evaluate the effect of phosphodiesterase inhibitors, as potential treatment for Friedreich’s ataxia, in a 
Drosophila melanogaster model of the disease. 
Background: Friedreich’s ataxia (FRDA) is an autosomal recessive neurodegenerative disorder with a prevalence 
of 2-4/100.000 among European population. It is caused by an abnormally expanded GAA repeat in intron 1 of FXN 
gene, which results in a deficiency of the encoded frataxin protein. Reduction of frataxin levels lead to Fe 
accumulation, mitochondrial dysfunction and sensitivity to oxidative stress. Nowadays there is no an effective 
treatment for FRDA. Recently, we have proposed phosphodiesterase (PDE) inhibitors as potential molecules for 
pharmacological intervention in the disease (1). To confirm the beneficial effect of PDE inhibitors in a frataxin-
depleted condition, we evaluated the use of two PDE inhibitors in a D. melanogaster model of FRDA. 
Methods: We used a fly model of FRDA developed in our laboratory (2), which shows a decrease of 70% in the 
mRNA levels of fh (the FXN orthologous in D. melanogaster). The FRDA model flies have a 25% reduction of 
climbing capabilities comparing with the control flies. Flies were treated with sildenafil (a specific inhibitor of 
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PDE5 that increases the cytosolic levels of cGMP) and rolipram (a PDE4 inhibitor that increases cAMP levels). 
Each compound was administered in the fly food from larva to adult stage in dose-dependent assays, and its effect 
was evaluated measuring the motor performance in 7-day-old adults as previously described in Calap-Quintana et al 
(3). Frataxin levels were measured by RT-qPCR. 
Results: We observed that model flies treated with rolipram [10µM] showed a significant improvement in the 
climbing ability, similar to the untreated control flies. Sildenafil [25µM and 75µM] produced a weak amelioration in 
the motor phenotype. The frataxin levels were not modified neither with rolipram nor sildenafil treatments. 
Conclusions: Rolipram is able to improve the motor performance of the FRDA model flies without increasing the 
frataxin amount, and probably by modulation the cAMP levels and improving mitochondrial function. 
References: (1) Llorens JV, Navarro JA, Martínez-Sebastián MJ, Baylies MK, Schneuwly S, Botella JA, et al. 
Causative role of oxidative stress in a Drosophila model of Friedreich ataxia. FASEB J. 2007; 21(2): 333-344. (2) 
Mollá B, Muñoz-Lasso DC, Calap-Quintana P, Fernandez-Vilata A, de la Iglesia-Vaya M, Pallardó FV, et al. 
Phosphodiesterase inhibitors revert axonal dystrophy in Friedreich’s ataxia mouse model. Neurotherapeutics. 2019. 
(3) Calap-Quintana P, Soriano S, Llorens JV, Al-Ramahi I, Botas J, Moltó MD, et al. TORC1 inhibition by 
Rampamycin promotes antioxidant defences in a Drosophila model of Friedreich’s ataxia. PLoS One. 2015; 10(7): 
e0132376. 

255 
Onset symptoms and time to diagnosis in Friedreich´s Ataxia 
E. Indelicato, W. Nachbauer, A. Eigentler, M. Amprosi, P. Giunti, C. Mariotti, J. Arpa, A. Dürr, T. Klopstock, L. 
Schöls, T. Klockgether, K. Bürk, M. Pandolfo, J. Schulz, S. Boesch (Innsbruck, Austria) 
Objective: In the present study, we aimed at analyzing onset symptoms in Friedreich Ataxia on the basis of natural 
history data from the EFACTS registry (European Friedreich's Ataxia Consortium for Translational Studies). 
Background: Friedreich ataxia (FRDA) is the most common inherited ataxia in the Caucasians. FRDA is a 
multisystemic disorder featuring also skeletal abnormalities, cardiomyopathy, diabetes mellitus, bladder 
dysfunction, visual and sensorineural hearing loss. Diagnosis is usually prompted by recognition of slowly 
progressive coordination and balance disturbances, but anecdotal reports describe presentation with isolated 
scoliosis or heart disease. 
Methods: Within the EFACTS project, genetically confirmed FRDA patients were recruited between September 
2010 and July 2015 at 11 European centers. We extracted and analyzed key clinical data from baseline visit (age at 
onset, symptoms at onset, age at diagnosis). A further variable, “time to diagnosis”, was calculated as difference 
between age at diagnosis and age at onset. 
Results: Baseline data from 649 FRDA patients were retrieved. Sixty patients (9%) had onset with isolated non-
neurological symptoms. The most common non-neurological presentation was scoliosis (70%, 43 patients), followed 
by cardiac symptoms (11%, 7 patients). The group with non-neurological presentation had a younger age at disease 
onset (12(10;15) vs 13(9;20) years p=0,04) as well as a delayed diagnosis compared to patients with classical 
neurological presentation (time-to-diagnosis= 5(2;9) vs 3(1;6) years, p=0,02). 
Conclusions: Especially in younger patients, FRDA may present with isolated non-neurological symptoms. Onset 
with non-neurological symptoms was associated with a significant diagnostic delay in our cohort. This finding 
would bear relevant consequences once effective therapies will be available. 

256 
Opsoclonus-myoclonus-ataxia syndrome associated to rubella 
B. INES, B. ZEINEB, H. SALMA, Z. JAMEL, M. RIDHA (TUNIS, Tunisia) 
Objective: Reporting exceptional etiology of OMS and  remembering  spectrum of neurological manifestations of 
rubella. 
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Background: Opsoclonus-myoclonus-ataxia (OMS) is a rare child clinical paraneoplastic syndrome. OMS has been 
less described in adult. Association with infectious and post-infectious has been recently reported. Rubella has been 
exceptionally reported as an etiology of OMS. 
Methods: Reports case for medical teaching. 
Results: CASE REPORTS: We report two cases of 31 and 27-year-old young men who presented with gait disorder 
associated to movement disorders of limbs and eyes preceded by a febrile rash and retroauricular lymph nodes in the 
first case. Headache, vertigo, nausea and vomiting  had been reported in the two cases. On examination, the two 
patients had OMS syndrome. Brain MRI, total body scan, MIBG scintigraphy, tumor markers and onconeural 
antibodies were normal in the two patients. Lymphocytic meningitis analysis with positive serum and cerebro-spinal 
fluid immunoglobulin M antibody against rubella virus had been showed in the  two cases.  Full recovery had been 
obtained in one month  under acyclovir and immunoglobulin. 
Conclusions: Those reports enlarge the etiology of OMS etiologies and the spectrum of neurological manifestations 
of rubella. Association rubella infection to OMS with full recovery under acyclovir and immunoglobulin supported 
infectious and post-infectious hypothesis process. 

257 
POLR3A-related spastic ataxia: new mutations and a look into the clinical and MRI phenotype 
J. Infante, K.M. Serrano, E. Marco-de Lucas, A. Sánchez-Rodríguez, J. Berciano, M. Corral, X. Farré, A. Matilla 
(Santander, Spain) 
Objective: To report the clinical, molecular and magnetic resonance imaging features of eight patients with 
POLR3A-realted spastic ataxia. 
Background: POLR3-related disorders comprise a number of clinically overlapping disease entities caused by 
recessive mutations in POLR3A and POLR3B genes. The best recognized phenotypes consist of an early-childhood-
onset hypomyelinating leukodystrophy manifesting with variable combinations of cerebellar ataxia, tremor, 
spasticity, mental retardation, oligodontia and hypogonadotropic hypogonadism. Recently, a novel and milder 
phenotype consisting in adolescent-onset spastic ataxia has been proposed to be specific of an intronic mutation 
(c.1909+22G4A) in the POLR3A gene. In these subjects the typical signs of hypomyelinating leukodystrophy on 
MRI would be absent and a characteristic hyperintensity along the superior cerebellar peduncle in T2 and FLAIR 
sequences would be observed instead. Whether or not the reported intronic mutation is specific for this clinical and 
MRI phenotype is still a matter of debate. 
Methods: Patients belonged to five pedigrees with hereditary spastic paraplegia or cerebellar ataxia of unknown 
origin in which a multigenic diagnostic panel was administered. Clinical examination and MRI studies were done at 
a single centre. 
Results: All affected subjects were compound heterozygous carriers of c.1909+22G>A in combination with a 
different novel mutation in each of the pedigrees. Bioinformatics predicted pathogenicity of the novel mutations all 
segregating with the phenotype. The phenotype combined variable cerebellar ataxia, gait and lower limb spasticity, 
involvement of central sensory tracts and intention tremor. Non-neurological manifestations commonly associated 
with POLR3A-related disorders such as hypodontia, hypogonadism, myopia or mental impairment were absent. A 
characteristic hyperintensity along the superior cerebellar peduncle on MRI (T2 and FLAIR sequences) was 
observed in 75% of the cases. 
Conclusions: POLR3A-related spastic ataxia is a distinct phenotype within the spectrum of POLR3A-related 
disorders and the c.1909+22G>A mutation would be its main phenotypic determinant. Specific MRI features such as 
hyperintensity along the superior cerebellar peduncle might be useful for guiding the genetic diagnosis. 
References: Minnerop M, Kurzwelly D, Wagner H, et al. Hypomorphic mutations in POLR3A are a frequent cause 
of sporadic and recessive spastic ataxia. Brain. 2017 Jun 1;140(6):1561-1578. doi: 10.1093/brain/awx095. Erratum 
in: Brain. 2017 Dec 9;:. PubMed PMID: 28459997. Gauquelin L, Tétreault M, Thiffault I, et al. POLR3A variants in 
hereditary spastic paraplegia and ataxia. Brain. 2018 Jan 1;141(1):e1. doi: 10.1093/brain/awx290. PubMed PMID: 
29228109; PubMed Central PMCID: PMC5837469. 
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258 
Evolution of ataxia in risk persons for spinocerebellar ataxia (SCA) 
H. Jacobi, S. Tezenas duMontcel, T. Klockgether, o. the-RISCA-investigators (Bonn, Germany) 
Objective: To study the premanifest stage of the most common SCAs. Specifically, we wanted to determine the 
conversion rate to ataxia in risk persons and to determine the sensitivity of different assessment instruments to detect 
disease manifestation and progression before onset of ataxia. 
Background: Spinocerebellar ataxias (SCAs) are fully penetrant autosomal dominantly inherited progressive ataxia 
disorders. At risk individuals for SCAs provide a unique research opportunity to prospectively study the premanifest 
disease phase. 
Methods: The prospective study of individuals at risk for spinocerebellar ataxia type 1,2,3 and 6 (RISCA) is a 
multinational, longitudinal observational study.[1] 302 non-ataxic (SARA score <3) adult individuals that descended 
from a SCA patient (offspring and sibs) were included at 14 European study centres. Anonymous genetic tests were 
done in all study participants. Follow-up assessments were done in 2-year intervals. Outcome parameters were 
SARA, INAS, SCAFI and CCFS. In this interim analysis, we included 83 SCA1, 45 SCA3, and 22 SCA6 at risk 
individuals who had at least one follow-up. 
Results: During the observational period of maximally 9.4 years (mean 4.4 ± 2.2), 51% of SCA1, 42% of SCA3, 
and 13% of SCA6 mutation carriers converted to manifest ataxia. In SCA1 carriers, SARA, INAS, SCAFI and 
CCFS progression, in SCA3, SARA progression differed from those of non-carriers. None of the parameters 
significantly changed in non-converters of any genotype. 
Conclusions: Our study for the first time determined the conversion rate of SCA mutation carriers to manifest 
ataxia. The findings in non-converters show that the available clinical outcome parameters lack sensitivity in the 
premanifest phase. 
References: [1] Jacobi H, Reetz K, du Montcel ST et al.. Biological and clinical characteristics of individuals at risk 
for spinocerebellar ataxia types 1, 2, 3, and 6 in the longitudinal RISCA study: analysis of baseline data. Lancet 
Neurol. 2013 Jul;12(7):650-8. 

259 
Lower urinary tract symptoms and urodynamic findings in SCAs 
M. Jang, H. Kim, B. Jeon, A. Kim (Jeonju, Republic of Korea)   
Objective: Characterization of urinary dysfunctions in SCAs is needed not only for the understanding of SCAs but 
also for the correct diagnosis in patients with ataxia. 
Background: Autonomic dysfunctions including orthostatic hypotension or urinary dysfunctions are not thought to 
be symptoms of SCAs. Therefore, without genetic testing, sporadic SCAs patients with urinary dysfunctions might 
be confused as having cerebellar type multiple system atrophy (MSA-C). However, there are only a few studies on 
lower urinary tract symptoms (LUTS) in patients with SCAs and most studies have focused on a single or a small 
number of specific subtypes. 
Methods: We retrospectively reviewed the medical records of 143 patients with genetically confirmed SCA 
including SCA 1, 2, 3, 6, 7, 17 and DRPLA, who were diagnosed and followed up at Movement Disorder Clinic at 
Seoul National University Hospital (SNUH). The trinucleotide repeats considered abnormal when exceeding 44, 31, 
44, 18, 19, 40, and 35 for SCA1, 2, 3, 6, 7, 17, and DRPLA, respectively. Among the 143 patients, the number of 
patients with SCA 1, 2, 3, 6, 7, 17 and DRPLA were 11, 51, 26, 20, 4, 26 and 5, respectively. Among these, 22 
(15.1%) (9 men and 13 women) who had LUTS were included in this study. A definition of the symptoms, signs, 
urodynamic conditions associated with LUTS, and methods of urodynamic study (UDS) followed the International 
Continence Society guidelines. Results are presented in a descriptive manner. Data were expressed as the mean ± 
standard deviation (SD). 
Results: The mean age of the 22 patients was 62.1±10.9 years. The mean disease duration of SCA was 8.2±2.9 
years LUTS was present in 1 (9.0%) of 11 patients with SCA 1, 4 (7.8%) of 51 with SCA2, 2 (7.7%) of 26 with 
SCA3, 3 (15.0%) of 20 with SCA6, 2 (50.0%) of 4 with SCA7, 8 (30.7%) of 26 with SCA17 and 2 (40.0%) of 5 
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with DRPLA. Overall, urinary frequency was the most common symptom (16 patients, 72.7%) followed by voiding 
difficulty (13 patients, 59.0%). Six of 10 patients who visited urology or gynecology clinic underwent the UDS: 2 
with SCA2, 2 with SCA6, and 2 with SCA17. Post-void residuals (PVR) was >100 ml in 3 (50%) patients. Flow rate 
was intermittently decreased in 3 (50.0%) and 1 (16.7%) patient had anuria. Detrusor activity, bladder compliance, 
and detrusor-sphincter dyssynergia (DSD) and neurogenic motor unit potential (MUP) in the sphincter 
electromyography (EMG) were further evaluated in 4 out of 6 patients. Detrusor overactivity was noted in 3 
(75.0%). Detrusor areflexia was observed in 1 (25.0%). DSD and neurogenic MUP in the sphincter EMG were not 
seen in any patients. Four of these 6 patients were diagnosed with a neurogenic bladder: 3 with storage problem, and 
1 with both storage and voiding problem in UDS. 
Conclusion: In this study, 22 (15.1%) of 143 patients with SCA had the urinary symptoms. Compared with previous 
studies describing LUTS in a single type of SCAs, our data shows that LUTS occur in various types of SCAs. 
Making a diagnosis of MSA-C based on the combination of cerebellar symptoms and urinary dysfunctions, one 
should consider the possibility of SCA even when there is no family history. 

260 
Normative Reference for Timed Up and Go Test (TUG) in Young Indian Adults- Preliminary Results 
D. Kaur, K. Umakant, T. Aziz, P. Jaiswal, M. Kumari, A. Gupta, G. Kumar (Patna, India) 
Objective: This study investigated the clinical usefulness of the time up and go test in young population and provide 
a reference range for healthy adults. The study also compared the performance of young adults with cerebellar ataxia 
on TUG test. 
Background: The time up and go test is a mobility test that assesses balance and gait in a functional activity used in 
everyday life. The time up and go test, "standardizes most of the basic mobility manoeuvres, yet is quick and 
practical”. TUG test closely relates to an individual’s independence for basic transfers. TUG has been shown to be a 
useful measure of balance, gait speed, and function. According to a Delphi survey(2015) TUG is a recommended 
outcome measure in Cerebellar Ataxia. Since Physical therapy intervention is the mainstay for gait ataxia and 
imbalance in individuals with cerebellar damage, hence use of standardised and validated tools for the specific 
population becomes imperative. However there is a paucity of normative reference range of TUG from Indian 
subcontinent. 
Methods: Inclusion criteria:A total of 100 College students aged between 17 to 35 years and 10 patients with 
cerebellar ataxia were recruited through convenient sampling.Cooperative with functional vision and hearing, No 
medication, Impedance in ambulation, those who obey verbal commands. Exclusion criteria:History of fracture and 
musculoskeletal deformities within 6 months, History of severe cardiovascular respiratory disorders. Methods: After 
anthropometric measurement, all subjects performed test by standard procedure consisting of rising from a chair 
positioned 3m from a wall, walking 3m, turning around, returning to the chair, and sitting down again. The verbal 
command included instructions about velocity such as: ‘walk at your normal pace”. Data was checked for normality 
and then statistically analyzed using Pearson’s Correlation Coefficient test. Level of significance was set at P < 0.05. 
Results: The mean score of the TUG in the healthy group was 7.89 ± 1.01 sec and in patient group was 13.60 ± 
2.63 ; There was a weak correlation of TUG with the anthropometric characteristics in the groups. 
Conclusions: This study provides clinical reference value for young Indian population for TUG test, while 
anthropometrics do not affect performance in younger age group. 
References: Winser SJ, Smith C, Hale LA, Claydon LS, Whitney SL.Balance outcome measures in cerebellar 
ataxia: a Delphi survey.Disabil Rehabil. 2015;37(2):165-70. Keller JL, Bastian AJ.A home balance exercise 
program improves walking in people with cerebellar ataxia.Neurorehabil Neural Repair. 2014 Oct;28(8):770-8. 
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261 
The progression rate of sporadic adult-onset cerebellar ataxia : 1-year follow up study 
P.W. KO, H.W. Lee, K. Kang (Daegu, Republic of Korea) 
Objective: To assess progression rate of the sporadic adult-onset ataxia (SAOA) and usefulness of well-known 
evaluation tools. 
Background: The sporadic adult-onset ataxia (SAOA) is a diagnosis which has degenerative and progressive ataxic 
symptoms, a specific acquired or genetic cause cannot be found. The cause and progress of the disease are not well 
known due to the complexity and difficulty of diagnosis. Therefore, we tried to measure the progress of gait and 
balance of patients with SAOA by evaluating the usefulness of  well-known assessment tools. 
Methods: SAOA subjects were selected in consecutive order from a prospectively enrolled ataxia registry. 20 adult 
patients with SAOA were enrolled. Patients were assessed at their first visit by a scaled for assessment and rating of 
ataxia (SARA), a timed up and go (TUG), and a 10-meter walking test and they were assessed again by same tools 
after 1 year. 
Results: The initial total SARA value was 14.8 ± 3.7 (mean ± SD) and the total SARA value after 1 year was 15.6 ± 
6.0 (mean ± SD) (p-value = 0.54). TUG values were found to be 17.6 ± 7.0 sec, 24.5 ± 9.0 steps at first, 20.5 ± 14.8 
sec and 27.7 ± 9.7 steps after 1 year (p-value = 0.377, 0.067, respectively). The 10-meter walking test was 
deteriorated from 13.9 ± 4.8 seconds, 25.0 ± 7.1 steps to 20.3 ± 13.4 seconds 30.5 ± 9.4 steps after 1 year (p-value = 
0.036, 0.002, respectively). There was no statistically significant difference in the SARA total value. However, there 
were statistically significant differences in walking, nose-finger test, and Heel-sheen slides subscales of SARA. 
Conclusions: Since SAOA is a disease characterized by progressive ataxia, deterioration of walking and motor 
function has been observed in most patients. Especially the change of walking was the most prominent, and it was 
able to confirm a significant change in 10 m walking test and detailed items of SARA scale. By observing changes 
over a longer period of time and evaluating the natural progression rate of the disease, it is expected that it will be 
used as a tool to clarify the understanding of the disease and to measure the therapeutic effect of interventional 
management in the future. 
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262 
Ataxin-2 gene in the Cuban population: Mutagenesis and epigenetic DNA methylation disease influencing 
phenotype 
J. Laffita-Mesa, L. Velazquez Perez (Stockholm, Sweden) 
Objective: To characterize genetics and epigenetics factors contributing to the origin and accounting to the Cuban 
SCA2 phenotype variability. 
Background: CAG repeat expansions in ATXN2 gene cause SCA2 and contribute to Parkinson disease, ALS and 
other neurodegenerative diseases. Five recurrent questions are central in the study connected to ATXN2. 
1) How pathological ATXN2 CAG repeats expansions originates in human populations? 
2) What about regulatory mechanism controlling ATXN2 gene expression. 
3) What is the ATXN2 physiological function. 
4) Which are ATXN2 pathological mechanisms? 
5) What factors account in the phenotype variability? 
Here we were focused on questions 1, 2 and 5. 
Methods: We developed genetic investigations using different approaches in the Cuban SCA2 population and 
ethnically matched controls (3000 chromosomes). We also investigated different families affected also by ALS but 
with CAG expansions in ATXN2. 
Results: Here we present the widest characterization of genetic polymorphisms associated with ATXN2 CAG 
expansion in both affected and healthy population. We found large normal alleles associated with the highest SCA2 
frequency (r2=0.841, p<0.000). Large normal alleles shown to be unstable in somatic and intergenerational 
transmissions(X2=59.80, p<0.0000), and we confirmed jumps from normal to pathological CAG repeats expansions 
associated either with SCA2 or ALS. Mutagenic mechanism was supported by haplotype and CAG sequence studies 
showing predisposing haplotype leading to loss of the CAA trip-let repeat interruption in the ATXN2. The 
observations lead us to define the ATXN2 pre-mutational CAG repeat expansion range from 25-31CAG. We 
developed molecular methods which enabled to identify epigenetic DNA methylation modifying the SCA2 age at 
onset (? 2511.59, p<0.0007). Poly-Q load presented as somatic mosaicism is also presented as potential modifying 
factor of age at onset and SCA2 disease. 
Conclusions: Our results explained the connection between the frequency of SCA2 and normal alleles with 
increased CAG stretches lacking of CAA interruptions and with similar SCA2-SNP haplotype. DNA methylation is 
an intrinsic ATXN2 factor influencing gene expression and modifying SCA2 phenotype. 

263 
Ocular Motor Findings in Spinocerebellar Ataxia Type 17 
S.U. Lee, J.Y. Choi, J.M. Kim, J.S. Kim (Seoul, Republic of Korea) 
Objective: To delineate the ocular motor findings in spinocerebellar ataxia type  17 (SCA17). 
Background: Even though the ocular motor findings largely overlap among spinocerebellar ataxia (SCA), the 
ocular motor phenotype may aid in differential diagnosis. This study defined the ocular motor findings in SCA17. 
Methods: From 2003 to 2019, we evaluated the ocular motor function insix patients with SCA17 at Seoul National 
University Bundang Hospital. 
Results: Patients presented with gait difficulty (n=5), diplopia (n=1), cognitive impairment (n=1), motor weakness 
(n=1), and choreic movements (n=1). Neurological examination further documented cerebellar dysmetria (n=6), 
parkinsonism (n=4), and pyramidal signs (n=2). Except one with vertical pendular nystagmus without fixation, no 
one showed any spontaneous nystagmus. Patients had impaired smooth pursuit (n=6), central positional nystagmus 
(n=3), abnormal head-impulse tests (n=3), horizontal gaze-evoked nystagmus (n=2), , hypermetric saccades (n=2), 
impaired cancellation of the vestibulo-ocular reflex (VOR, n=1), diminished tilt suppression of post-rotatory 
nystagmus (n=1), and normal VOR gain but phase lead during low frequency rotation (n=1). 
Conclusions: Various ocular motor abnormalities, along with progressive ataxia, parkinsonism, and pyramidal signs 
may guide the diagnosis of SCA17. 
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264 
A Korean case of Fragile X-associated mild ataxia without tremor 
W.W. Lee, B.K. Kim, O. Kwon, J.M. Park, J.J. Lee, K. Kang (Seoul, Republic of Korea) 
Objective: To report a case of Fragile X-associated tremor/ataxia syndrome (FXTAS) only with mild ataxia. 
Background: FXTAS is a neurodegenerative disorder caused by the CGG trinucleotide repeat expansion (ranged 
from 55 to 200) of the FMR1 gene. Since Hagerman et al. introduced the first case series in 2001, there have been 
several studies performed in the cohorts of ataxia, tremor, and parkinsonism, but the highest prevalence of FXTAS 
was 5.1%. In Asia, the reports of FXTAS were rarer. To our knowledge, two Korean cases were reported so far. 
They had tremor for several years followed by ataxic gait. We recently experienced a FXTAS case only with mild 
ataxia. 
Methods: A 63-year-old man presented with 6-month history of speech and gait disturbance. He did not complain 
about cognitive impairment, urinary/defecatory problems, and impotence. There was no problem in conducting his 
job or maintaining daily activities of his life. He had no significant past medical history. There was no dysmetria in 
finger-to-nose tests but dysdiadochokinesia on both arms. He showed slightly wide-based gait. He mildly swayed in 
tandem gait. There was no tremor nor parkinsonism, and the other examinations were unremarkable. Brain MRI 
showed prominent white matter changes in both middle cerebellar peduncles (MCPs) and periventricular area. 
Video-oculography showed frequent square-wave jerks without vertical and gaze-evoked nystagmus. The gene tests 
for SCA1, 2, 3, 6, 7, and DRPLA were negative. The CGG repeat number of FMR1 gene was 89. 
Results: The typical picture of FXTAS is that an aged (over 50 years) male who had intention tremor experiences 
progressive gait disturbance and cognitive impairment. The specific MCP sign in brain MRI indicates the 
probability of FXTAS, and then the diagnosis is genetically confirmed. Considering typical MRI lesions in FXTAS 
patients, it is not difficult to understand the reason why most patients have ataxia during the period of disease and 
most tremors appear under intention. In other words, the appearance of intention tremor in FXTAS may reflect the 
severity of cerebellar dysfunction. 
Conclusions: Two previously-reported Korean cases showed long-standing tremors which were followed by ataxia, 
and their CGG repeat numbers were 136 and 100. Considering the neurotoxic effect of abundant FMR1 mRNA, low 
CGG repeat number, in this case, may explain mild ataxic manifestations without tremor, parkinsonism, and 
cognitive impairment. 
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265 
Sporadic progressive ataxia and palatal tremor: A case report 
Y. Liu, Y. Chen, Y. Chang (Kaohsiung city, Taiwan) 
Objective: To report the clinical presentation and neuroimaging findings of sporadic PAPT. 
Background: Progressive ataxia and palatal tremor (PAPT) manifests as mid to late-adult onset slowly progressive 
cerebellar ataxia and palatal tremor. It's a subtype of symptomatic palatal tremor (SPT). Unlike most cases of SPT, 
with lesions located within the dentato-rubro-olivary pathway (Guillain-Mollaret triangle), the exact location of the 
lesion in sporadic PAPT is uncertain, making it a poorly understood neurodegenerative disorder. Misdiagnosis as 
other degenerative cerebellar ataxia (ex: MSA-C or spinocerebellar ataxia) is common. 
Methods: A 70-year-old male with underlying diabetes mellitus and hyperlipidemia, presented with dizziness, 
progressive unsteady gait, limbs incoordination, and articulation problem during the past 2 years. The dizziness was 
not induced by posture change. At first, he had gait difficulty especially when going up and down stairs, but recently 
he needs a single cane for walking aid. He was initially diagnosed with multiple system atrophy-cerebellar type 
(MSA-C) in another hospital. There was no contributory family history, no history of alcohol, neurotropic drug or 
toxin exposure. Neurological examination showed gaze-evoked nystagmus, dysmetric saccade, mild degree limbs 
ataxia and impaired tandem gait. A 2-Hz palatal tremor was also noted. 
Results: Clinical laboratory tests including thyroid function, autoimmune profiles, and tumor markers were within 
normal limits. The TRODAT-1 SPECT showed nearly normal result. Brain SPECT showed hypoperfusion in 
bilateral frontotemporal, right parietal lobes and right basal ganglia, and relatively hyperperfusion in the cerebellum. 
Autonomic testing including SSR, RRIV, and head-up tilting table test were normal. Cognitive tests were normal. 
Brain MRI showed bilateral inferior olivary nuclei hypertrophy, anterior-superior cerebellar 
and frontotemporal cortical atrophy. No old structural lesion can be found within dentato-rubro-olivary pathway. His 
clinical presentation and neuroimaging were consistent with the diagnosis of sporadic PAPT syndrome. 
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Conclusions: To date, there have been 3 autopsy cases of PAPT, showing evidence of a characteristic tauopathy 
most severely involving the inferior olivary nucleus and cerebellum. Further studies including newer imaging 
techniques (ex: tau PET), biomarkers and neuropathological assessments are needed to get a closer insight of the 
pathogenesis of PAPT. 

266 
Clinical and molecular features of a Chinese family with spinocerebellar ataxia type 6 
H. Luan, A. Liu (Yantai, China) 
Objective: To evaluate the clinical manifestation, CAG repeats of abnormal alleles, mitochondrial function and 
treatment of spinocerebellar ataxia type 6To evaluate the clinical manifestation, CAG repeats of abnormal alleles, 
mitochondrial function and treatment of spinocerebellar ataxia type 6. 
Background: The spinocerebellar ataxias (SCA) is a large group of heterogeneous autosomal dominant 
degenerative diseases characterized by ataxia, often accompanied by degenerative changes in the brainstem and 
cerebellum, and other parts of the central nervous system( less commonly the peripheral nervous system, Basal 
ganglia and thalamus). Among SCA, the spinocerebellar ataxia type 6 accounts for about 15% worldwide, most 
commonly in Japan, the Netherlands and Germany. In China, there are few case reports and lack of detailed 
epidemiological data. At present both domestic and international research focus on the gene mutation analysis of 
SCA6 and there are almost no studies on mitochondrial function. It is significant to study whether there is 
mitochondrial dysfunction in SCA6, for better understanding of the pathophysiological mechanism and guidance on 
the treatment in the future. 
Methods: We studied 9 patients from a family with spinocerebellar ataxias. Clinical and molecular features of 
SCA6 were investigated. We also conducted muscle biopsy to evaluate zitochondrial function. Then 4 patients were 
treated with Idebenone and Butylphthalide and measured the situation of improvement with scale for the assessment 
and rating of ataxia scores ( SARA ). 
Results: There were totally 9 patients showing slowly progressive ataxia without any remarkable extracerebellar 
signs in this family and the average age of onset was (40.25±8.76). Brain CT or MRI showed atrophy of the 
cerebellum. All 4 patients were heterozygous and the number of CAG repeats in the expanded alleles was 
coincidentally the same 21 repeats and normal alleles in the SCA6 gene ranged from 4–18 CAG units in healthy 
controls. Muscle biopsy was conducted in 2 patients and it showed mild muscle damage with mitochondrial 
dysfunction. Idebenone and Butylphthalide are effective in treatment for SCA6. 
Conclusions: We observe that CAG expansion in the SCA6 family is completely stable. Clinical features are pure 
cerebellar impairment and mitochondrial dysfunction. Idebenone and Butylphthalide are effective in treatment for 
SCA6. 
References: [1] Zhuchenko O, Bailey J, Bonnen P, et al. Autosomal dominant cerebellar ataxia associated with 
small polyglutamine expansions in the á1A-voltage-dependent calcium channel[J]. Nat Genet, 1997, 15:62-69. [2] 
Ishikawa K, Tanaka H, Saito M, et al. Japanese families with autosomal dominant pure cerebellar ataxia map to 
chromosome 19p13.1-p13.2, and are strongly associated with mild CAG expansions in the spinocerebellar ataxia 
type 6 gene in chromosome 19p13.1. Am J Hum Genet[J], 1997, 61: 336-436. [3] Matsuyama Z, Kawakami H, 
Maruyama H, et al. Molecular features of the CAG repeats of spinocerebellar ataxia 6 (SCA6)[J]. Hum Mol Genet, 
1997, 6:1283-1287. [4] Reiss O, Schöls L, Böttger H, et al. SCA6 is caused by moderate CAG expansion in the 
á1A-voltage-dependent calcium channel gene[J]. Hum Mol Genet, 1997, 6: 1289–1293. [5] Soong B, Liu R, Wu L, 
et al. Metabolic characterization of spinocerebellar ataxia type 6[J]. Arch Neurol, 2001, 58: 300-304. [6] Ikeuchi T, 
Takano H, Koide R, et al. Spinocerebellar ataxia type 6: CAG repeat expansion in alpha1A voltage-dependent 
calcium channel gene and clinical variations in Japanese population[J]. Ann Neurol, 1997, 42: 879-884. [7] 
Geschwind DH, Perlman S, Figueroa KP, et al. Spinocerebellar ataxia type 6 Frequency of the mutationand 
genotype-phenotype correlations[J]. Neurology, 1997, 49: 1247-1251. [8] van de Warrenburg BP, Hendriks H, Durr 
A, et al. Age at onset variance analysis in spinocerebellar ataxias: a study in a Dutch-French cohort[J]. Ann Neurol, 
2005, 57: 505-512. [9] Gomez CM, Thompson RM, Gammack JT, et al. Spinocerebellar ataxia type 6: gaze-evoked 
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and vertical nystagmus, Purkinje cell degeneration, and variable age of onset[J]. Ann Neurol, 1997, 42: 933-950. 
[10] Ishikawa K, Watanabe M, Yoshizawa K, et al. Clinical, neuropathological, and molecular study in two families 
with spinocerebellar ataxia type 6[J]. J Neurol Neurosurg Psychiatry, 1999, 67: 86-89. [11] 王雪晶,沈若武,黄良,等. 
早发型脊髓小脑共济失调6型家系的神经病理学研究[J]. 中华神经科杂志, 2009, 42: 509-513. 
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267 
Cardiac involvement in AVED 
S. Lucas-DelPozo, D. Moreno-Martínez, M. Tejero-Ambrosio, J. Hernández-Vara (Barcelona, Spain) 
Objective: Case report 
Background: Ataxia with vitamin E deficiency (AVED) is an autosomal recessive disorder caused by mutations in 
the gene encoding the α-tocopherol transport protein (αTTPA). Such mutations give rise to a loss of gene function 
leading to low systemic levels of vitamin E resulting in a cerebellar syndrome, although it may associate 
extraneurological symptoms. 
Methods: A 27 years old woman initiates a progressive ataxia and dysarthria at 8 years of age. Family history 
elucidated a paternal grandmother with a non specific impairment of gait, consanguineous parents (cousins) and 
father affected by hypertrophic cardiomyopathy. The inspection showed kyphoscoliosis and cavus feet. Neurological 
examination evidenced evoked nystagmus at extreme bilateral gaze as well as a slight increased latency in saccades. 
There were global hypotonia, bilateral dysmetria in finger-nose and heel-knee maneuvers, disdiadochokinesia, 
truncal ataxia with positive Romberg, unstable wide-based gait and difficult tandem. Generalized areflexia together 
with bilateral extensor plantar reflex and mild hypopalestasia were present. Cranial MRI revealed platibasia. 
Electromyography detected an alteration of posterior cordonal pathway and pyramidal pathway for both upper and 
lower extremities. Transthoracic echocardiogram was normal. 
Results: Friedreich's ataxia was the first diagnostic option. However the frataxin gene analysis confirmed two 
alleles without evidence of expansion. Laboratory study proved vitamin E deficiency (α-tocopherol concentration: 
4.72 μmol/L). Other laboratory data including celiac antibodies, fasting lipids, copper and ceruloplasmin was 
normal. AVED was confirmed genetically being the patient an homozygous carrier of the pathogenic change 
c.513_514insTT. Both parents are heterozygous carriers. The patient began treatment with high doses of vitamin E, 
although vitamin E level did not improved after 1 year follow-up. 
Conclusions: The most frequently described mutation is 744delA (especially in North Africa) and secondly is 
513insTT. This variant has been described in patients of northern European, Dutch, German, Danish and Italian 
origin associated with cerebellar symptoms. The presence of myocardiopathy has been described in different series 
of cases with a prevalence between 19-31% mainly as a left ventricular hypertrophy, dilated cardiomyopathy or 
electrocardiographic alterations. However, the presence of cardiopathy in heterozygous carriers has not been 
previously described. 
References: 1-Naima Marzouki, Ali Benomar, Mohamed Yahyaoui, Nezha Birouk, Mohamed Elouazzani, Taib 
Chkili, Mohamed Benlemlih, Vitamin E deficiency ataxia with (744 del A) mutation on α-TTP gene: genetic and 
clinical peculiarities in Moroccan patients, European Journal of Medical Genetics, Volume 48, Issue 1, 2005, Pages 
21-28. 2-Mariotti C, Gellera C, Rimoldi M, Mineri R, Uziel G, Zorzi G, et al. Ataxia with isolated vitamin E 
deficiency: neurological phenotype, clinicalfollow-up and novel mutations in TTPA gene in Italian families. Neurol 
Sci 2004; 25: 130–7. 3-Ghada El Euch-Fayache, Yosr Bouhlal, Rim Amouri, Moncef Feki, Fayçal Hentati; 
Molecular, clinical and peripheral neuropathy study of Tunisian patients with ataxia with vitamin E deficiency, 
Brain, Volume 137, Issue 2, 1 February 2014, Pages 402–410. 4-May Cabrero, Hernandez Cristobal J, Cantarero 
Duque S, Martinez Delagado B, Urisote Azcorra M, Robledo Batanero M, et al. Distribution of dominant hereditary 
ataxias and Friedreich‘s ataxias in the Spanish population. Med Clin (Barc) 2000; 115: 121–5. 5-Anheim M, Fleury 
M, Monga B, Laugel V, Chaigne D, Rodier G, et al. Epidemiological, clinical, paraclinical and molecular study of a 
cohort of 102 patients affected with autosomal recessive progressive cerebellar ataxia from Alsace, Eastern France: 
implications for clinical management. Neurogenetics 2010; 11: 1–12. 6-Angelini L, Erba A, Mariotti C, Gellera C, 
Ciano C, Nardocci N. Myoclonic dystonia as unique presentation of isolated vitamin E deficiency in a young 
patient. Mov Disord 2002; 17: 612–4. 
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Think of Gluten Ataxia:A rare but potentially reversible cause of progressive neurological disorder 
R. Mathur, K. Lal, A. Kyi (Grantham, United Kingdom) 
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Objective: To explore an unusual cause of ataxia in a patient with known Celiac disease. 
Background: Celiac disease is the established but not the only manifestation of Gluten sensitivity disorders. Gluten 
ataxia is a rare form of Gluten sensitivity disorder and a reversible cause of cerebellar ataxia (Khawaja et al. 2015). 
This can result from consuming gluten diet in patient with known or unknown gluten sensitivity disorders. 
Methods: A case study method was employed in this study. A 71 years old gentleman, admitted to Grantham 
District Hospital after he had a fall due to a recent onset ataxia. He was a known case of Coeliac disease and was not 
on gluten-free diet prior to his admission. Whilst inpatient, he developed chest infection which was refractory to 
broad-spectrum antibiotics. He was also noted to have oropharyngeal dysphagia and horizontal nystagmus in 
addition to ataxia, 
Results: A nasogastric tube was inserted and he was given Gluten-free diet. His symptoms improved in few weeks 
and started eating normally. His chest infection resolved with simple antibiotics. His MRI brain showed generalised 
atrophy. Improvement in the neurological symptoms after gluten-free diet confirmed the diagnosis of Gluten Ataxia 
(Khawaja et al. 2015). On review of literature, Hadjivassiliou et al. (2014) have reported prevalence of gluten ataxia 
in 10-22% cases of established Coeliac disease. MRI brain does not necessarily show cerebellar atrophy in all the 
cases of Gluten Ataxia (Hadjivassiliou et al., 2005). 
Conclusions: The diagnosis of Gluten ataxia should be considered in patients presenting with unexplained 
neurological symptoms in known or unknowns cases of Gluten sensitivity disorders. 
References: 1. Briani C, Zara G, Alaedini A, et al. Neurological complications of coeliac disease and autoimmune 
mechanisms: a prospective study. J Neuroimmunol. 2008;195:171–75. 2. Hadjivassiliou M, Duker AP, Sanders DS. 
Gluten-related neurologic dysfunction. In Biller J, Ferro JM editors Handbook of Clinical Neurology. Neurologic 
Aspects of Systemic Disease Part II Vol 120 Elsevier press; 2014. pp.607-619. 3. Hadjivassiliou M, et al. Gluten 
sensitivity: from gut to brain. Lancet Neurol. 2010;9:318–30. 4. Khwaja, A. et al. Gluten Sensitivity – A Potentially 
Reversible Cause of Progressive Cerebellar Ataxia and Myoclonus - A Case Report. J Clin Diag Res 2015; 9 (11). 

269 
Epidemiological study of multiple system atrophy: data from HoRC-MSA Project 2014-2019 
M. Matsushima, I. Yabe, K. Sakushima, I. Iwata, Y. Kanatani, N. Nishimoto, T. Matsuoka, T. Katayama, H. Uesugi, 
K. Sako, A. Takei, A. Tamakoshi, S. Shimohama, N. Sato, S. Kikuchi, H. Sasaki (Sapporo, Japan) 
Objective: To investigate epidemiological aspects of multiple system atrophy (MSA) in Hokkaido, Japan from the 
data of the Hokkaido Rare-disease Consortium for MSA (HoRC-MSA). 
Background: MSA is a progressive neurodegenerative disease, but novel treatments can be expected in the future. 
We started a patient registry to investigate the natural history of MSA in preparation for clinical trials. We analyzed 
epidemiological data accumulated for about 4 years. 
Methods: We have been continuing recruitment of MSA patients in Hokkaido after approval from the Institutional 
review board of our hospital in November 2014. Postal surveys to medical facilities and MSA patients were 
conducted. Amassed data were analyzed after being anonymous linked. 
Results: One hundred and seventy-four patients agreed to participate in the study until January 31, 2019. Among 
them, 165 patients were assessed their activity of daily living and diagnostic criteria. The average age at the time of 
inclusion was 66.4 ± 11.0 years old. The number of MSA-C cases was about twice as much as MSA-P cases, and 
57% of those patients had difficulty walking. As of Feb 2019, 26 participants have been followed for 4 years. 
Clinical assessment scales were also evaluated only for ambulatory patients. Unified MSA rating scale part 2 score 
increased 2 to 5 points / year. Although 97 participants were examined at the first time, only 6 patients could 
continue for 4 years. 
Conclusions: HoRC-MSA is useful for investigating natural history of MSA and establishing infrastructure of 
clinical trials for MSA. Long-term follow-up of MSA is accompanied by difficulties, so some ingenuity is required 
to successfully continue the cohort study. 

This article is protected by copyright. All rights reserved.



270 
Clinical and genetic heterogeneity in Indian subcontinent patients with Autosomal Dominant Spinocerebellar 
Ataxia 42 
A. Mehta, M. Javali, P. R, K. Haskar, D. Gupta, P. Acharya, S. Srinivasa (BENGALURU, India) 
Objective: We describe the case of  a family of 2 female siblings of Indian subcontinent with genetically proven 
SCA 42 
Background: Spinocerebellar ataxia (SCA) are heterogeneous group of genetically inherited disorders. A mutation 
in the low voltage-gated calcium channel CACNA1G is  reported as a causative gene of spinocerebellar ataxia 
42.There is no genetically proven case of SCA 42 from the Indian subcontinent.Hereby, we report the case of a 
family of 2 female siblings,who presented with gradually progressive gait ataxia with cognitive impairment. . 
Methods: A family of 2 female siblings aged 20 and 18 year old respectively born out of 3rd degree consanguinity 
presented to us with history of slowly progressive gait ataxia The older sibling gave history of progressive gait 
ataxia with walking on toes of 4 years duration. she also reported of clumsiness of hands with abnormal twisting of 
left hand.The younger sibling reported of progressive gait ataxia of 3 years duration.Family members reported of 
decreased scholastic performance of both the siblings.There was no history of similar illness in the 
family.Examination revealed mild dysarthria ,hypotonia with bilateral incoordination of upper and lower limbs. 
MoCA scored 26/30 and 23/30 in the older and younger sibling respectively.The older sibling also had chorieform 
movement of fingers and left hand dystonia,gait was high stepping ataxic gait with toe walking. 
Results: Both the siblings showed negative work up for TSH,Vit B12,HIV,VDRL,MRI Brain Plain and Spinal cord 
were normal(figure1(a,b,c),2(a,b,c).Nerve Conduction studies revealed sensory neuropathy in both lower 
limbs.Genetic Testing for FXTAS ,DRPLA ,SCA 1,2,3,4,6,7,10,12,14,17 were negative. Clinical Exome 
Sequencing was run on both the siblings which showed missense variant c.6077C>T (p.T2026M) in CACNA1G 
gene located on ch17 : 28701284 C>T suggestive of SCA 42 
Conclusions: To our best knowledge,the mutation in CACNA1G gene has been described earlier in unrelated 
French,Japanese and Chinese families (1,2) and recently from three additional countries thus expanding the global 
prevalence of SCA 42(3).This is the first report of a family of genetically-proven sporadic SCA 42 from the Indian 
subcontinent.Our patients presented with progressive gait ataxia with cerebellar signs,chorea and dystonia,impaired 
cognition,and sensory neuropathy,a possibility of SCA 42 should be considered 
References: 1. Morino H, Matsuda Y, Muguruma K, et al. A mutation in the low voltage-gated calcium channel 
CACNA1G alters the physiologicalproperties of the channel, causing spinocerebellar ataxia. Mol Brain 2015;8:89. 
2. Coutelier M, Blesneac I, Monteil A, et al. A recurrent mutation in CACNA1G alters Cav3.1 T-Type calcium-
channel conduction and causes autosomal-dominant cerebellar ataxia. Am J Hum Genet 2015;97:726–37. 3. Kathie 
Ngo, Mamdouh Aker, Lauren E. Petty, et al. Expanding the global prevalence of spinocerebellar ataxia type 42. 
Neurol Genet 2018;4. 
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271 
Outcomes After Weighted Lumbosacral Orthosis (LSO) and Exercises in Patients with Progressive 
Cerebellar Ataxia 
S. Mele (Philadelphia, PA, USA) 
Objective: Readers will recognize the weighted lumbosacral orthosis (LSO) as a tool to enhance balance exercises 
to improve function in persons with progressive cerebellar ataxia. 
Background: Somatosensory input via an LSO creates an enriched environment in outpatient PT to enhance the 
efficacy of static and dynamic gaze stabilization and postural control exercises in persons with progressive ataxia. A 
59 year old female baseline scores performed 3-7 years prior ranged from 30% at worst to 43% at best on the 
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Sensory Organization Test (SOT) while a 69 year old male scores ranged from 29% to 32% at worst and 36 % at 
best. 
Methods: Functional outcomes were compared pre and post intervention over 10 to 12 visits. 
Results: Pre intervention, the female’s gait speed was 0.85 m/s with poor quality. Five time sit to stand (FTSTS) 
was 20 seconds, SOT 43, 6 minute walk Test (6 MWT) 360 feet x 2. Post 8 visits, her FTSTS was 20 seconds, SOT 
46, 6 MWT 565 feet, gait speed was 0.6 m/s with improved quality. Post 12 visits, FTSTS 20 seconds, SOT 45, 6 
MWT 780 feet and gait speed 0.66 m/s with improved quality. Pre intervention, the male’s gait speed was 0.82 m/s 
with poor quality, FTSTS 15 seconds. Post intervention, gait speed was 1.0 m/ with improved quality, FTSTS 12 
seconds, SOT 36 % and 1080 feet in a 6MWT. Post visit 10, while SOT was never repeated and FTSTS 16 seconds, 
6 MWT 1146 feet, gait speed 1.0 m/s, both with improved quality. 
Conclusions: While more research is needed, immediately post intervention, outcomes improved in patients with 
progressive cerebellar ataxia to that of the level of his/her postural control score 3-7 years prior and allowed them to 
function toward values of their aged matched healthy peers. 

272 
Respiratory Function and Functional Decline in Spinocerebellar Ataxia Type 2 
n. mello, m. zonta, h. teive, a. meira, b. zeigelboim (Curitiba, Brazil) 
Objective: To evaluate the relationship between the values of Peak Expiratory Flow rate (PEFr), Maximum 
Inspiratory Pressure (MIP), the presence of respiratory complaints with disease time, balance scores, functional 
independence and severity of ataxia in individuals with SCA2. 
Background: Spinocerebellar ataxia type 2 (SCA2) is characterized by cerebellar ataxia, accompanied by 
dysarthria, tremor, hyporeflexia, peripheral neuropathy, fasciculations of the facial muscles and limbs1.Subclinical 
respiratory dysfunction has been observed in individuals with SCA2. There are no studies relating respiratory 
dysfunction to functional decline in SCA2. 
Methods: Cross-sectional study considering age, duration of illness, Berg Balance Scale (BBS) and independence 
for basic activities (FIMs) and instrumental (IADLs) (Lawton) of daily life, ataxia severity scores (SARA), values of 
PEFr, MIP and respiratory complaints. 
Results: Thirty-six individuals with SCA2 were evaluated, with a mean of 42.5 (± 12.4) years of age, of 7.6 (± 8.2) 
years of disease time and 9.9 (± 10.3) points in SARA. The lowest PEFr values correlated poorly and negatively 
with the duration of the disease duration (p = 0.021; r=-0,384). The lowest values of PEFr and MIP were related to 
the greater impairment of balance (p = 0.019, p = 0.045), greater dependence for ADLs (p = 0.006, p = 0.050) and 
IADLs (p = 0.003, p = 0.001). The highest severity of ataxia (p = 0.006, p = 0.017). Respiratory complaints were 
observed in 12 (33.3%) individuals, who were not related to disease time, balance, independence, the severity of 
ataxia or changes in PEFr and MIP values. 
Conclusions: Respiratory dysfunction, even asymptomatic, is related to the impairment of balance, independence, 
and severity of ataxia in individuals with SCA2. 
References: 1.Teive, HA; Ashizawa,T .Primary and secondary ataxias. Curr Opin Neurol 2015; 28 (4): 413-422 2. 
SriranjinI, SJ; Pal,PK; Krishna,N; Sathyaprabha,TN. Subclinical pulmonary disfunction in spinocerebellar ataxias 
1,2,3. Acta Neurol Scand 2010:122:323-328. 

273 
Prospective study of cognition in SCA2 
T. Monte, E. Reckziegel, M. Augustin, O. Barsottini, J.L. Pedroso, F. Vargas, M.L. Saraiva-Pereira, V. Leotti, L. 
Jardim (porto alegre, Brazil) 
Objective: Evaluate prospectively cognitive dysfunction in subjects with SCA2 using Mini Mental 
Examination (MMSE) and Montreal Cognition Assesment (MOCA), looking for correlation between cognitiion and 
motor disability, clinical variables and potentially modifier genes. 
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Background: Cognitive deficits in patients with cerebellar degeneration, including SCA2 have been shown. Studies 
on SCA2 did not find a clear change in cognitive scores in longitudinal observations. Although we have previously 
showed a potential association between mitochondrial polymorphism A1098G and cognitive dysfunction, little is 
known about factors that interfere with cognitive impairment in patients with SCA2. 
Methods: Symptomatic subjects with SCA2 were submitted to MMSE and MOCA; Beck Depression Inventory; 
motor scales: Scale for Assessment and Rating of Ataxia (SARA), and Neurologic Examination Score for 
Spinocerebellar Ataxia (NESSCA), SCA Functional-Index (SCAFI), and Composite-Cerebellar-Functional-Score 
(CCFS) at baseline and 12 months of follow up. Clinical variables, CAG repeat length at ATXN2 as well as 
at  ATXN1, ATXN3, ATXN7, CACNA1A and RAI1 were explored as modifiers factors. 
Results: 49 SCA2 patients were studied . 78% of patients are in the normal range of MMSE, but 75% presented 
reduced  MOCA scores. At baseline, all motor scales showed correlation with MMSE and MOCA ( p<0.01), while 
only MOCA correlated with disease duration and CAG expanded repeat at ATXN2( p 0.05). After one year, SARA 
and NESSCA progressed on average 1.75(CI 95% 0.92-2.57) 1.45 (CI 95% 0.74-2.16) , respectively. In 
contrast,  MMSE and MOCA scores were apparently stable - deltas being -0.45 ( -1.71 - 0.29) and -0.42 (-1.56-0.73) 
points (p=0.22 and 0.45), respectively. Delta MMSE were inversely correlated with the CAGexp at ATXN2 (rho=-
0.36, p< 0.05). The other risk factors (age, CAG repeat numbers at genes of interest) did not correlate with deltas of 
MOCA and of MMSE. 
Conclusions: Executive, memory, language and visuospatial dysfunctions, detected by MOCA, are quite common 
in SCA2. Disease duration correlated with MOCA, and motor scores  correlated with MMSE and MOCA. Cognitive 
scores did not change after one year. Results support the suggestion that speed of progression of motor and cognitive 
dysfunctions are dissociated. On exploratory analysis, carriers of larger expansions presented worse deltas on 
MMSE. Future clinical trials should consider these differences in their outcomes . 
References: Burk K, Globas C, Bosch S et al. Cognitive deficits in spinocerebellar ataxia 2. Brain 1999, 122: 769-
777. Cancel G, Dürr A, Didierjean O et al .Molecular and clinical correlations in spinocerebellar ataxia 2: a study of 
32 families. Hum Mol Genet. 1997 May;6(5):709-15 De Castilhos RM, Furtado GV, Gheno TC et al. 
Spinocerebellar ataxias in Brazil--frequencies and modulating effects of related genes. Cerebellum. 2014 
Feb;13(1):17-28. Fancellu R, Pariidi D, Tomasello C et al. Longitudinal study of cognitive and psychiatric functions 
in spinocerebellar ataxia types 1 and 2. J Neurol 2013, 260:3134-3143. Kawai Y, Suenaga M, Watanabe H, Sobue 
G. Cognitive impairment in Spinocerebellar degeneration. Eur Neurol 2009; 61: 257-268. Le Pira F, Giuffrida S, 
Maci T et al . Dissociation between motor and cognitive impairment in SCA2: evidence from a follow up study. J 
Neurol, 2007; 254: 1455-1456. Le Pira F, Zappala G, Saponara R et al. Cognitive findings in spinocerebellar ataxia 
type 2: relationship to genetic and clinical variables. J Neurol Sci 2002;202:53-57. Magaña JJ, Velázquez-Pérez L, 
Cisneros B .Spinocerebellar ataxia type 2: clinical presentation, molecular mechanisms, and therapeutic 
perspectives.Mol Neurobiol. 2013 Feb;47(1):90-104. Monte T, , Reckziegel ER, Augustin MC et al.The progression 
rate of spinocerebellar ataxia type 2 changes with stage of disease. Orphanet J Rare Dis. 2018 Jan 25;13(1):20. 
Moriarty A, Cook A, Hunt H, Adams ME, Cipolotti L, Giunti P. A longitudinal investigation into cognition and 
disease progression in spinocerebellar ataxia types 1,2,3,6 and 7. Orphanet Journal of Rare Diseases, 2016:11-18. 

274 
A case of cerebellar ataxia caused by Pembrolizumab for Non-small cell lung cancer 
T. MOTO, H. NAGAYAMA, K. KIMURA (Tokyo, Japan) 
Objective: We reported a case that cerebellar ataxia and decreased accumulation of right cerebellum at SPECT 
appeared after immunotherapy using immune-checkpoint inhibitor “Pembrolizumab” for Non-small cell lung 
cancer. 
Background: Immune-checkpoint inhibitors (ICis) is a new immunotherapy for malignant tumor , and it is getting 
increasingly important that neurologist understand about neuromuscular disorders as immune-releted adverse events 
(irAE) . 
Neuromuscular irAE causes various neurological disorders that including peripheral neuropathy ,myopathy, and 
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encephalitis etc. 
But there is few reports of cerebellar ataxia cased by ICis. 
Methods: About the case that we experienced ,we compared examination findings, clinical course, and medical 
treatment between our case and past reports. 
Our case was a 71 years old female presented to us with diplopia and dysarthria that appeared after immunotherapy 
using Pembrolizumab for Non-small cell lung cancer stage Ⅳ. 
Her neurological findings were diplopia, dysarthria, nystagmus, and right coordination disturbance. 
SPECT demonstrated the decreased accumulation of right cerebellum. 
We denied collagen disease, autoimmune disease, neurodegenerative disease, malignant lymphoma, and 
paraneoplastic neurological syndrome (PNS), and so we diagnosed her as having irAE caused by Pembrolizumab. 
We conducted immunosuppressive therapy including adenocortical steroid pulse therapy and IVIg therapy, but she 
didn’t improve diplopia, nystagmus compaired with improvement of right coordination disturbance. 
Results: Our case had unprecedented significance in terms of function morphological abnormalities compaired with 
other cases. 
Conclusions: We reported a case of cerebellar ataxia caused by Pembrolizumab for Non-small cell lung cancer. 
Immunosuppressive therapy didn’t improve neurological findings. 

275 
Gait in Spinocerebellar Ataxia Type12 (SCA-12) 
M. Narang, A. Srivastava, R. Aggarwal, R. Rajan, M. Faruq, M. srivastava (delhi, India) 
Objective: The aim of our study was to evaluate the spatial and temporal parameters of gait in SCA12 patients and 
to compare it with healthy individuals. 
Background: Spinocerebellar ataxia type 12 (SCA-12) is an autosomal dominant neurodegenerative disorder. 
Unlike other SCAs, SCA12 is characterized by the tremor in hands at onset followed by the development of gait 
ataxia and other cortical features during the course of illness. There is no study which has reported spatiotemporal 
parameters of gait in SCA12 patients. 
Methods: Genetically confirmed SCA12 patients (n=25) with a mean age of 55.7 ± 10.2 and age-matched healthy 
individuals (n=25) with 55.2 ±10.1 years were included in the study. A walkway system (by Teckscan, USA) was 
used to evaluate spatiotemporal parameters of gait in both groups. All the participants were instructed to walk 
barefoot within comfortable normal speed on senor plates of the walkway system for 30 seconds. The two sampled 
t-test was used with the level of significance p-value ≤ 0.05. 
Results: All the spatiotemporal parameters of gait mean values in SCA12 patients were found to be significantly 
different from the mean values acquired from the healthy individual, except for single support time and swing time. 
The most significant  spatial and temporal parameters of concern was stride length (106.8±7.4cm in control group 
versus 79.0±19.4cm in SCA12 patients, p=0.000), step width (7.8± 1.7cm in control group versus 13.8 ±2.8cm in 
SCA12 patients, p=0.000),double support time (0.35± 0.6sec in control group versus 0.61± 0.30 sec in SCA12 
patients, p=0.005) and gait velocity (83.5±14.5 cm/ sec in control group versus 48.86 ±21.6cm/sec in SCA12 
patients p=0.000).Out of 25 SCA12 patients, 10 patients were found to have a normal gait pattern with a mean 
duration of illness was 4.4±1.2 year and mean CAG repeat number was 55.7± 5.4. The mean duration of illness and 
mean CAG repeat number of 15 SCA12 patients having abnormal gait pattern was 6.8±5.4 years and 53.8±7.3. 
Conclusions: Our study indicates that gait ataxia in SCA12 patients is a late-onset feature and develops after around 
5 years of illness. SCA12 patients showed a significant reduction in stride length, step length, gait velocity with a 
marked increase in step width and double support time in comparison to normal age-matched persons. 

276 
Non-CpG methylation in the FXN gene in patients with Friedreich’s ataxia 
E. Nuzhnyi, N. Abramycheva, M. Ershova, S. Klyushnikov, N. Nikolaeva, S. Illarioshkin, E. Fedotova (Moscow, 
Russian Federation) 
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Objective: To compare methylation profiles of non-CpG sites in the FXNgene in patients with Friedreich’s ataxia 
(FA), their heterozygous relatives and a healthy control group. 
Background: FA is the most common hereditary ataxia. It is most frequently associated with homozygous GAA 
repeats expansion in intron 1 of the FXNgene. It is known that the clinical picture of FA depends on the size of the 
GAA expansion and the methylation profile of the CpG sites. However, methylation profile of non-CpG sites is not 
well understood and may play a role in the pathogenesis of FA. 
Methods: We analyzed DNA samples from patients with FA (n=35), their relatives carrying heterozygous GAA 
expansion (n=23), and healthy age- and sex-matched control group (n=28). Pattern of methylation was studied by 
direct sequencing of DNA after bisulphide processing of two regions of the FXNgene: promoter containing two non-
CpG sites and a 252-bp sequence downstream of the (GAA)n repeats containing 15 non-CpG sites. 
Results: In the FXN promoter all non-CpG sites showed significantly lower methylation in FA compared to control 
samples. All non-CpG sites in the downstream region showed significantly higher methylation in heterozygous 
GAA carriers compared to FA patients. Some downstream sites showed lower methylation in FA compared to the 
other two groups. Negative correlations between the methylation rate of some non-CpG sites and the smaller GAA1 
allele length were also detected. 
Conclusions: This is the first data on the non-CpG methylation pattern in the FXN gene in patients with FA and 
their heterozygous relatives. The methylation of non-CpG sites depends on the length of the GAA-repeats expansion 
and may affect the expression of FXN gene, which requires further studies. 
The study was supported by RSF #17-75-20211. 

277 
The applicability of the Scale for Assessment and Rating of Ataxia (SARA) in toddlers 
S. Polet, A. Tadema, S. Hbrahimgel, M. vanDen Berg, M. Kuiper, R. Brandsma, D. Sival (Groningen, Netherlands) 
Objective: In healthy toddlers (2-4 years of age), we aimed to evaluate: 1. the feasibility of SARA performances 
and 2. the reliability of SARA sub-score tasks. 
Background: In children, the Scale for Assessment and Rating of Ataxia (SARA) can be used for the quantification 
of ataxia, on the condition that age-related control values are taken into account. In toddlers, age-related control 
values of the SARA are still lacking. In healthy control children of 2-4 years of age, we reasoned that the execution 
of SARA tasks could be hampered by insufficient concentration span and also by immature motor coordination 
(physiologically hampering tandem stance and gait performances). 
Methods: Six investigators assessed videotaped SARA performances of 42 healthy toddlers, respectively 2 (n=17), 
3 (n=12) and 4 (n=13) years of age. We expressed SARA feasibility as the % of children that were able to perform 
the SARA (sub)-score tasks. Of the feasible tasks, we calculated mean scores and reliability of scores (by Intraclass 
Correlation Coefficients; ICC). 
Results: At 2, 3 and 4 years of age, respectively 0%, 67% and 85% of the children were able to perform the 
complete set of SARA tasks. At 2, 3 and 4 years of age, incomplete SARA tasks were associated with insufficient 
attention span and with immaturity of the motor system (in 100%, 33%, 15% resp. and in 100%, 100% and 77%). 
Comparing SARA scores between children of 2 versus 4 years of age revealed significantly lower (better) scores in 
the last [mean SARA total: 21.0 vs. 7.0; p<.05 (Kruskall Wallis)]. ICC values were ‘fair’ in toddlers at 2, 3 and 4- 
years of age (Landis-Koch; ICC .322, .274, .357 resp., ns). These outcomes could partly be influenced by a low 
variation in scores. 
Conclusions: In toddlers, the feasibility of SARA subscore performances increases between 2 to 4 years of age. In 
the future, we aim to study the effect of a modified SARA scale in accordance with the physiological age-related 
cognitive and motor capacities of young children. 

This article is protected by copyright. All rights reserved.



278 
Spinocerebellar ataxias in Southern Brazil: genotypic and phenotypic evaluation of 213 families 
V. RODRIGUES, F. CASTILHO PELLOSO, A. MORO, S. RASKIN, T. ASHIZAWA, F. NASCIMENTO, C. 
CAMARGO, F. GERMINIANI, H. TEIVE (CURITIBA, Brazil) 
Objective: To describe and correlate the genotype and phenotype of patients diagnosed with SCAs. 
Background: Spinocerebellar Ataxias (SCAs) are neurodegenerative diseases with autosomal dominant inheritance 
and phenotypic-genotypic heterogeneity. The most common SCA is the Machado-Joseph disease (SCA3), followed 
by SCA2, SCA1 and SCA6. SCA10 is more commonly found in Mexico and South America, particularly in 
populations with Amerindian descent. 
Methods: Data were collected from the records of our ataxia outpatient clinic considering the genetic diagnosis of 
SCA in the index case of each family. The inclusion criteria were met by 460 patients from 213 families. These 
patients were divided into four groups: SCA3, SCA10, Other SCAs and Without Mutation. 
Results: The most frequent subtype was SCA3 (n=210, 45.7%), followed by SCA10 (n=84, 18.3%) and Other 
SCAs (n=61, 13.3%). Patients without a confirmed mutation represented a total of 105 cases (22.8%). Statistically 
significant (p<0.05) differences were observed for several symptoms when comparing SCA3 and SCA10. We 
highlight the presence of bulging eyes in 57.6% of patients with SCA3 and 1.2% with SCA10 (p<0.001); horizontal 
ophthalmoplegia in 67.5% of patients with SCA3 and 9.5% with SCA10 (p<0.001) and vertical ophthalmoplegia in 
23.5% of patients with SCA3 and 1.3% with SCA10 (p<0.001). The prevalence of epilepsy in SCA10 patients was 
4.8%. 
Conclusions: We observed a high frequency of SCA10 when compared to data from other studies, which can be 
explained by a founder effect caused by the large number of Amerindian descendants in our region. In addition, we 
found several symptoms that may clinically differentiate SCA3 from SCA10, thus helping neurologists request the 
right confirmatory genetic test and define prognosis. Furthermore, the low prevalence of epilepsy in our SCA10 
patients suggests a genetic variation of the disease, which is typically defined as an association between ataxia and 
epilepsy. This variation may be explained by a different pattern of interruptions in the mutated ATTCT genetic 
sequence and additional studies are required to confirm this hypothesis. Presented at the 70th AAN Annual Meeting 
in April 22, 2018 and at the XXVIII Brazilian Congress of Neurology in October 13, 2018. 
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Quantitative evaluation of gait ataxia of Multiple System Atrophy patients 
C. Sato, S. Shirai, M. Matsushima, I. Yabe, H. Sasaki (Sapporo, Japan) 
Objective: To perform gait analysis on patients with multiple system atrophy (MSA) and assess whether the 
obtained data could be used as neurophysiological biomarkers. 
Background: We had earlier reported that gait parameters, which were measured by two sets of triaxial 
accelerometers secured to the lower and upper back of each patient, were useful as objective indicators of 
spinocerebellar degeneration (SCD). Here, we performed gait analysis on patients with MSA, which develops faster 
than SCD. 
Methods: We analyzed acceleration signals through 6 minutes of walking each in 19 MSA patients; six of them 
were also reanalyzed 3 months after the first analysis. We then extracted the average and coefficient of variation of 
the motion trajectory amplitude. With reference to our previous research, the data of medial-lateral (ML) and 
vertical (VT) from the upper back and anterior-posterior (AP) from the lower back were used for evaluation. We 
observed for a possible correlation with the walk distance, the Scale for the Assessment and Rating of Ataxia 
(SARA), and the unified MSA rating scale (UMSARS). 
Results: Patients in this study included 9 men and 10 women, with an average age of 63.3 years. The walk distance 
was significantly correlated with both UMSARS Part II (R=-0.8108, p<0.0001) and the gait score of SARA (R=-
0.5428, p=0.0163). The average amplitude (AV) of ML, which was previously demonstrated to be a physiological 
biomarker for cerebellar ataxia, was found to be significantly correlated with the limb ataxia score of SARA 
(R=0.5744, p=0.0101), while the AV of VT also significantly correlated with the walk distance (R=0.8942, 
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p<0.0001) and UMSARS Part II (R=-0.6997, p=0.0009). The walk distance of the parkinsonism-type MSA was 
significantly shorter than that of the cerebellar-type MSA (p=0.003). There was no significant correlation in the 
scores from 3 months after the first analysis due to the sample size being too small for statistical analysis. 
Conclusions: UMSARS Part II and the walk distance were significantly correlated with the AV of VT, and thus, it 
may be a parameter that reflects the disease severity of MSA. Correspondingly, the AV of ML was significantly 
correlated with the limb ataxia score of SARA, and thus, it may be a parameter that reflects the severity of ataxia 
with MSA. Further cases and continuous evaluation would be required to confirm the statistically significant 
parameters that reflect the disease severity of MSA. 
References: Shirai S, et al. Quantitative evaluation of gait ataxia by accelerometers. J Neurol Sci 2015; 358: 253-8 

280 
Need of next generation sequencing technology to de-convolute autosomal recessive cerebellar ataxias in 
India 
S. Shakya, R. Kumari, A. Garg, A. Srivastava, M. Faruq (New Delhi, India) 
Objective: Comparison of two next generation platform to screen ARCA patients in Indian population 
Background: India is deficient with the molecular screening of the ARCAs. Only few case reports with genetic 
analysis have been reported from Indian patients. Friedreich’s ataxia (FA) is the most common genetically described 
ARCA subtype in India. More than 1400 mutations have been reported from three major forms of ARCAs (ATM, 
SETX and SACS), which demonstrates screening of such genes is not straightforward, hence, systematic exploration 
of genetic causality ataxias in India. We utilize the power of WES in combination with targeted gene sequencing to 
dissect the uncharacterized autosomal recessive and early onset (<25 years) hereditary ataxia patients. 
Methods: All selected patients were screened negative for FRDA, SCA1, 2, 3 and 12 during mandatory screening 
procedure at our centre. All lab work was carried out at CSIR-IGIB laboratory, New Delhi. Patients with early onset 
ataxia (n=98) were subjected for Whole exome sequencing (n=16) and targeted gene panel sequencing (n=82). 
Frequencies of identified variation were checked in 257 ethnically matched healthy controls and in their respective 
family members (n=43). For four families WES was done in family based design. 
Results: Targeted gene analysis (41 genes) of known candidate genes allowed us to identify 24 pathogenic/likely-
pathogenic rare and novel variations in 21 patients. Disease variants in nine patients were identified through WES 
(56%) and in 12 patients variations were identified from targeted gene panel sequencing. By initial targeted gene 
analysis mutations in SACS (n=7), SETX (n=6), ATM (n=2), TTPA (n=2) and one each for GRID2, ANO10, 
SYNE1 and CYP27A1. By adopting family based design we could further identify likely disease variants in rare 
RARS2 and FA2H loci. 
Conclusions: Our extensive experimental design, unbiased variant prioritization and pathogenicity supported by big 
data mining for genetic mutation testing serve an adapted approach for rapid and cost effective screening of 
clinically relevant variation. Our study suggests need of next generation sequencing in ARCA screening. In the 
population like India, where genetic/mutation spectrum is not well known, the targeted gene sequencing should be 
the first preference. Uncharacterized cases may be further considered for family based design of WES. 

281 
Genotype-Phenotype correlations of Episodic Ataxia (EA). MDSGene Systematic Review 
A. Shetty, K. Nabieva, F. Zeldenrust, A. Rasheed, J. Huang, S. Petkovic, K. Lohmann, C. Klein, C. Marras, O. Waln 
(Toronto, ON, Canada) 
Objective: To systematically review genotype-phenotype correlations for the four known genes causing EA. 
Background: EA is a group of heterogeneous disorders characterized by recurrent attacks of gait and limb ataxia. 
EA is usually inherited in an autosomal dominant manner and commonly associated with CACNA1A, SLC1A3, 
KCNA1,andPDHA1mutations. There can be other paroxysmal neurological symptoms in addition to the ataxia. 
Mutations in the same genes can also lead to non-paroxysmal neurological signs and symptoms. There may be quite 
broad overlap of triggers across genes. There is a knowledge gap in understanding the phenotype-genotype 
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correlation in EA. Previous meta-analysis done as a part of MDSGene project for other disorders revealed several 
discrepancies when compared to expert knowledge. 
Methods: A systematic review of the published literature was conducted. PubMed was searched using standardized 
search terms for studies reporting clinical data on individual patients with any movement disorder with or without 
episodic symptoms and a mutation in any one of the CACNA1A, SLC1A3, KCNA1, or PDHA1 genes. We followed 
MDSGene’s standardized data extraction protocol. Pathogenicity of each reported mutation was assessed using 
standard criteria. 
Results: The search yielded 766 papers. Following title/abstract screening,157 papers (CACNA1A-116, SLC1A3-5, 
KCNA1-23, PDHA1-13) were deemed eligible for full-text review. These papers contained information on 468 
individuals in the four EA genes (CACNA1A-313, SLC1A3-8, KCNA1-106, PDHA1-41). The frequency of 
mutations in reported individuals and pathogenicity scores for each mutation from the available data will be 
presented. Clinical and demographic features will be extracted for each mutation carrier individually and compared 
across the genes. All the extracted data will be presented and available in an online database (www.mdsgene.org), 
which provides descriptive summary statistics on phenotypic and genetic data. 
Conclusions: This systematic review represents a comprehensive overview of the currently publically available 
phenotypic and genotypic data on EA genes. It also assesses the pathogenicity of reported potentially causative 
mutations in correlation with associated phenotype. This review enables stratified analyses in selected patient 
subgroups expanding the understanding of EA phenotypes and molecular basis, which is imperative in the era of 
trials involving gene-specific therapies. 

282 
Spinocerebellar degeneration in Minami-Boso area of Japan – A hospital-based retrospective analysis 
H. Shibayama, S. Akaike, K. Tajima, R. Takeuchi, F. Katada, S. Sato, T. Fukutaake, T. Matsukawa, H. Ishiura, S. 
Tsuji (Kamogawa, Japan) 
Objective: Elucidate the present status of clinical practice for spinocerebellar degeneration (SCD) in Minami-Boso 
area to plan future direction for managing this intractable condition. 
Background: There is practically no data about characteristics and prevalence of SCD in our district situated on the 
distal portion of Boso peninsula, about 60 km southeast of Tokyo. 
Methods: Based on the definition of SCD as slowly progressive cerebellar ataxia having no effective treatment, 
medical charts of patients treated as such from April 1995 to February 2019 were reviewed. Those with features of 
multiple system atrophy were deliberately excluded. Our latest item of gene analysis (GA) for SCD comprises 
DRPLA, Machado-Joseph disease (MJD), spinocerebellar ataxia (SCA) 1, 2, 6, 7, 8, 12, 17, 31 and 36. Patients 
whose own genetic examination was not performed but have family members genetically diagnosed as autosomal 
dominant SCA were included into genetically determined group. Concerning family history, those with missing 
information such as adoption in infancy or having consanguineous parents were counted as family history positive 
(FH+). 
Results: In total, 82 patients have been identified, of which 41 (50%) were genetically diagnosed (directly 32, from 
family 9); 16 (in 12 families) had MJD of which one is homozygous with CAG repeat numbers 60/60, 10 (10) 
SCA6, 9 (6) SCA31, 3 (2) SCA2, and each 1 (3)  3 other diseases. No specific diagnosis has been obtained in other 
41 cases (50%) of which GA was performed in 15 (FH+ 5 (6%), family history negative (FH-) 10 (12%)). Twenty-
six patients without GA were composed of 12 FH+ (15%) and 14 FH- (17%) ones. As for clinical characteristics, 
MJD has widely varied age at onset (AO, 31-71 years old) not strictly related to abnormal CAG repeat numbers (55-
77), SCA6 has narrow variation of abnormal CAG repeat numbers (21-23) and benign course with sustained 
walking ability and preserved cognitive skill at 20th disease year, and SCA31 has strikingly uniform AO (56.6±4.3 
years old). Among most prevalent SCAs, all patients with MJD or SCA31 were FH+, whereas 3 of 10 SCA6 
patients were FH-. 
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Conclusions: Considering half of patients have not gotten genetic diagnosis, we should positively recommend 
patients with SCD to take genetic examination and should construct rescue gene examination protocol for cases of 
failed routine panel. Better management cannot be reached without proper diagnosis. 

 

283 
A Robust and Rapid Method of PCR amplification To Confirm Triplet Repeat Disorders: Single-Step Blood 
Direct PCR 
I. Singh, V. Swarup, S. Shakya, V. Goyal, A. Srivastava (New Delhi, India) 
Objective: To develop a rapid, robust and more reliable method for an expeditious genetic investigation of patients 
with TRDs.to develop a rapid, robust and more reliable method for an expeditious genetic investigation of patients 
with TRDs. 
Background: DNA extraction prior to PCR amplification in genetic diagnoses of triplet repeat disorders (TRDs) is 
tedious and labor intensive and has the limitations of sample contamination with foreign DNA and including from 
preceding samples. Therefore, we aimed to develop a rapid, robust and more reliable method for an expeditious 
genetic investigation of patients with TRDs. 
Methods: Peripheral blood samples of suspected patients of Spinocerebellar ataxia types 1, 2, 3, 12 and FRDA were 
collected in ACD buffer vials and tested for repeat expansion using conventional method. Subsequently, a single 
step Blood-Direct PCR (using 1.5µl whole blood of positive patients) technique was used to amplify target genetic 
loci followed by fragment analysis for the identification of triplet repeat expansion. 
Results: Successful amplification of target regions was achieved by BD-PCR in all tested samples. The repeat sizes 
determined in each fragment of DNA were in concordance with the conventional method. 
Conclusions: The accurate sizing of the normal and expanded allele in shorter time (4-5 hours) without DNA 
extraction and cross contamination suggests the BD-PCR method to be a reliable, inexpensive and rapid method. 
This technique can be introduced in routine diagnostic procedures of other tandem repeat disorders. 
References: Singh I, Swarup V, Shakya S, Goyal V, Faruq M, Srivastava AK. Single-step blood direct PCR: A 
robust and rapid method to diagnose triplet repeat disorders. J Neurol Sci. 2017 Aug 15; 379:49-54. 

284 
Paraneoplastic Cerebellar Degeneration As Initial Symptom Of Renal Cell Carcinoma 
S. Souza, B. Oliveira, I. Sodré, A.L. Oliveira, R. Oliveira, D. Terrana, M. Spitz (Rio de Janeiro, Brazil) 
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Objective: To describe a case of paraneoplastic cerebellar degeneration in a patient with renal cell carcinoma. 
Background: Paraneoplastic cerebellar degeneration belongs to a group of neurologic syndromes in which 
symptoms are indirectly caused by an underlying malignancy. Cerebellar signs and symptoms may be unrelated to a 
metastatic disorder; usually, the mechanism of injury is autoimmune. The neurologic symptoms may precede the 
diagnosis of cancer by several years. 
Methods: Case report of a 75-year-old female who eveloped progressive cerebellar ataxia a week after a viral 
respiratory infection. She reported dysarthria and gait unsteadiness. Her symptoms worsened for about 2 weeks and 
then remained stable. She was admitted to our service one year after symptoms onset, and she had been previously 
diagnosed with parainfectious cerebellar ataxia. She reported a 6-month history of daily nausea and vomiting, 
weight loss of 66 pounds, and distal four limbs paresthesias. 
Results: Brain MRI (Figure 1A) showed cerebellar atrophy. Abdominal MRI disclosed an exophytic heterogeneous 
renal mass. Radiology determined that it was category III in the Bosniak Classification for complex renal cysts [4], 
suggesting a high risk of malignancy. Histopathology revealed a clear cell renal carcinoma. There was complete 
resolution of gastrointestinal symptoms after surgery, and partial dysarthria improvement. Ataxia, however, 
remained stable. 
Conclusions: This case highlights the need to consider paraneoplastic cerebellar degeneration in patients presenting 
with gradually progressive cerebellar ataxia, not explained by other causes. The failure to reach the correct diagnosis 
may allow patients to reach more advanced cancer stage. 
References: [1] Lancaster E. Paraneoplastic Disorders. Continuum 2017; 23 (6, Neuro-Oncology), 1653 1679. [2] 
Hens MJ, Camacho B, Maestre A, González V, Villegas I. Carcinoma renal que debuta como cuadro neurológico 
paraneoplásico. Actas Urológicas Españolas 2008; 32 (6), 645-648. [3] Giri P, Shukla R. Paraneoplastic Cerebellar 
Degeneration: A Rare but Important Consideration. Journal of Clinical Case Reports. 2016; 6 (1), 10-12. [4] Muglia 
V, Westphalen A. Bosniak classification for complex renal cysts: history and critical analysis. Radiol Bras. 2014 
Nov/Dec; 47(6), 368–373. [5] Muglia V, Prando A. Renal cell carcinoma: histological classification and correlation 
with imaging findings. Radiol Bras. 2015 May/June; 48 (3), 155-174. 
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285 
Clinico-genetic correlation in 102 Spinocerebellar Ataxia Type 12 (SCA 12) patients 
A.K. Srivastava, A. Takkar, V. Goyal, F. Mohammad, R. Rajan, A. Garg (New Delhi, India) 
Objective: To report the phenotype among the largest number of genotypically confirmed SCA 12 patients. 
Background: SCA12 is an autosomal dominant cerebellar ataxia (ADCA) caused by expansion of CAG 
trineucleotide repeat in PPP2R2B gene on chromosome 5q31-33. It is one of the common SCA in India. 
Methods: To date more than 4000 families have been screened for various SCAs 1, 2, 3, 6, 12, 17, DRPLA and 
FRDA in Ataxia clinic at AIIMS, New Delhi. A total of 339 subjects were genetically confirmed as SCA 12. The 
diagnosis was based on suggestive neurological history, examination, radiology, electrophysiology and CAG repeat 
screening of the genomic DNA. We analyzed clinical features of 102 (67M and 35F) consecutive patients out of 
these 339. 
Results: The average disease duration was 6.50 ±5.1; with age at presentation 53.4± 10.1 and age at onset = 46.8 ± 
10.6. The hand tremor was the presenting complaint in 65.7 % and gait ataxia in 14.7 %. Other less frequent 
presenting complaints were head tremor (8.8%), dysarthria (5.9%), upper limb in-coordination (3.9%) and writing 
difficulty in (1%). An inverse correlation of CAG repeats was observed with age at disease onset. Nystagmus was 
observed in 19.8% and extrapyramidal signs in 11.9% subjects. MRI was abnormal (cerebral atrophy, cerebellar 
atrophy or both) in about 90% patients. Nerve Conduction studies revealed normal study in 26.9%, sensory 
neuropathy in 8.9%, motor in 5 %, and sensori-motor in 6.9% out of 48 patients. 
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Conclusions: SCA 12 is one of the commonly found SCA in India. This is the largest clinico-genetic case series for 
SCA 12 patients to the best of our knowledge. SCA 12 has variable first symptom at onset. Though tremor in hands 
is the commonest presenting complaint but there are many other first symptoms. The knowledge of varying 
presenting features is essential to diagnose the SCA 12 in early disease state. 

286 
Classification of spinocerebellar degeneration based on ratio of brainstem white matter to cerebellar gray 
matter by voxel-based morphometry 
T. Taguchi, K. Nanri, H. Kato, H. Terashi, H. Aizawa (Tokyo, Japan) 
Objective: We examined the usefulness of voxel-based morphometry (VBM) analysis in auxiliary diagnosis of 
cases with spinocerebellar degeneration, including those with MSA-C. 
Background: In Japan, one-third of SCD cases are hereditary; two-thirds of sporadic cerebellar ataxia cases are 
MSA-C. MRI is not suitable for diagnosing hereditary diseases. 
Methods: This study included cerebellar ataxia patients who visited either Tokyo Medical University Hachioji 
Medical Center between 2007 and 2014 or Tokyo Medical University Hospital between 2015 and 2017. They were 
diagnosed with hereditary spinocerebellar degeneration (SCA6, SCA31, DRPLA, MJD/SCA3) or MSA-C based on 
the second consensus criterion. We performed brain MRI to obtain 3D-T1WI. VBM analysis was conducted by 
VSRAD advance (SPM8+DARTEL), and voxel-based stereotactic extraction estimation (vbSEE). We calculated the 
percentage of abnormal voxels (extent) in the region of interest (cerebellar/brainstem) at the hemisphere level (level 
1) in both gray and white matter using vbSEE. Patients with hereditary spinocerebellar degeneration were classified 
into 2 groups: pure cerebellar type (PC type: SCA6 and SCA31) and non-pure cerebellar type (non-PC type: 
MJD/SCA3 and DRPLA). We compared the extent (%) of the three cerebellar degeneration types (PC type, non-PC 
type, MSA-C) in the region of interest. 
Results: Six patients had DRPLA; 11, MJD/SCA3; 12, SCA6; 5, SCA31; and 34, MSA-C. 
No difference was present with respect to sex or gait in Scale for Assessment and Rating of Ataxia scores for each 
disease. MSA-C had a shorter disease duration than the other disease types. PC type showed lower value in the 
brainstem white matter extent (BSWEx) than did the other types (cutoff value, 21.6). Non-PC type showed lower 
value in the cerebellar gray matter extent (CGEx) than did the other types (cutoff value, 26.8). We calculated the 
brainstem white matter to cerebellar gray matter (BSWCG) ratio by dividing BSWEx by CGEx. This ratio was high 
in non-PC type patients, low in PC type patients, and intermediate in MSA-C patients; this ratio showed high 
accuracy (95.6%) for disease classification. 
Conclusions: Results of the VBM analysis in the three cerebellar ataxias were consistent with pathological changes. 
In the classification of cerebellar ataxia, the BSWCG ratio showed high accuracy and can be used as a powerful 
diagnostic imaging tool. 

287 
Muscle Ultrasound Comparison between Early, Intermediate and Late Onset Friedreich’s Ataxia 
R. Verbeek, A. Waalkens, M. Kuiper, C. Verschuuren-Bemelmans, J. vd Hoeven, J. de Vries, J. van Gaalen, M. 
Willemsen, H. Kremer, K. Bürk, D. Sival (Groningen, Netherlands) 
Objective: To elucidate discriminative muscle ultrasound features in Friedreich's ataxia (FA) between pediatric (p-
FA), intermediate (i-FA) and very late onset (VLOFA) subgroups. 
Background: Friedreich’s Ataxia (FA) can be subdivided into pediatric (p-FA), intermediate (i-FA) and very late 
(VLOFA) -onset (starting <18, 18-40 and >40 years of age, resp). P-FA, is often characterized by sensory 
neuropathy, (cardio)myopathy and motor neuropathy (during the later disease course), VLOFA with combined 
symptoms including spasticity, whereas the symptomatology of i-FA is still unclear. In the present study, we aimed 
to elucidate discriminative muscle ultrasound features between these FA subgroups. 
Methods: We compared quantitative muscle ultrasound parameters between n=12 p-FA [9 (range 4-17)* and 25 
(range 12-53)** years], n=9 i-FA [20 (range 18-23)* and 42 (34-53)** years], and n=3 VLOFA [40 (range 40-, 69)* 
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and 73 (55- 79)** years], (median age of onset* and assessment**, resp.) and age-matched healthy controls. FA-
phenotypes were compared regarding MUD of proximal (biceps and quadriceps) and distal (tibialis-anterior) 
muscles and the distal-to-proximal MUD-ratio (for differentiation between neuropathy and myopathy) of the leg 
muscles (calculated as: MUDtibialis-anterior / MUDquadriceps). 
Results: MUD outcomes of all investigated muscles were higher in p-FA, i-FA and VLOFA than healthy controls 
(all p<.001). MUD data of the total FA group showed a positive correlation with age [all muscles: r=.316; p<.001 
and also with disease duration [all muscles: r=.174; p=.042]. MUD outcomes per muscle and the distal-to-proximal 
MUD-ratio did not significantly differ between p-FA, i-FA and VLOFA. 
Conclusions: In FA, quantitative MUD parameters are associated with age. Quantitative MUD parameters can 
distinguish between FA and healthy controls but not between different FA subtypes. From myopathic perspective, 
these data may implicate that p-FA, i-FA and VLOFA may still concern the same disease spectrum, despite different 
phenotypic appearances. 

288 
Alignment of objective markers of speech with listener based judgements and disease severity in Friedreich 
ataxia 
A. Vogel, A. Tsanas, H. Reece, L. Corben, G. Tai, M. Delatycki (Melbourne, Australia) 
Objective: To identify a subset of acoustic markers of speech that objectively describe listener perceptions, disease 
severity and speech related quality of life in Friedreich ataxia. 
Background: Dysarthria is a key aspect of Friedreich ataxia (FA). Speech changes as disease progresses and in 
response to both behavioral and pharmacological treatment. Current assessment practices rely on clinical 
impressions and listener based examinations of speech which are subjective and have poor inter/intra-rater 
reliability. Objective evaluation of speech (acoustic analysis) can yield valuable insights into how disease progresses 
over time, and how individuals respond to therapy. 
Methods: We applied a wide range of known and novel speech signal processing algorithms to a large database 
(1000+ recordings from >130 individuals with FA over a 10-year period). We used principled variable selection 
methods to determine a subset of the extracted markers, which was presented into a classifier using a standard 
supervised learning setup to map onto (a) listener perceptions of intelligibility and naturalness, (b) a disease severity 
scale (Friedreich Ataxia Rating Scale) and (c) speech related quality of life scale (sub-domain of the Friedreich 
Ataxia Impact Scale). 
Results: We have assessed the resulting models using 10-fold cross-validation with 100 iterations for statistical 
confidence. Findings suggest there are specific objective markers of speech that change over time and reflect to 
some degree other clinical features of the disease. 
Conclusions: Our ability to develop objective features of dysarthria require large longitudinal datasets combined 
with a variety of clinical endpoints. Here we describe an important advance in our ability to quantify this meaningful 
outcome measure. Wholistic speech descriptors will better serve investigations seeking to capture meaningful 
metrics of change resulting from progression or treatment. 

289 
Research on the modifier gene of Hereditary spinocerebellar ataxia type 2 
J. Wang, Z.L. Liu (Changsha, China) 
Objective: To investigate the influence of CAG trinucleotides repeat of some (CAG)n-containing gene and some 
gene polymorphisms in AO of SCA2, and analyse the difference of these gene polymorphisms between PD-SCA2 
group and A-SCA2 group. 
Background: Hereditary spinocerebellar ataxia type 2（SCA2）is one of the most prevalent autosomal dominant 
ataxias in china, with a high degree of clinical heterogeneity. Previous researches showed that age at onset (AO) of 
SCA2 is negatively correlated with the CAG trinucleotides repeat lengths in ATXN2 gene. However, the correlation 
can not fully explain the variation of AO and clinical symptoms between different patients. 
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Methods: We obtained the DNA samples and clinical data from 75 autosomal dominant familial SAC2 patients 
which had alrealy been diagnosed by gene test, and 11 sporadic SCA2 patients. We determined the size of CAG 
repeat length in two allele of ATXN2 gene and the long-chain allele of ATXN1, ATXN3, CACNA1A, ATXN7, 
TBP, ATN1, IT15, HDL2, KCNN3 gene using polymerase chain reaction (PCR) amplification and capillary 
electrophoresis. 
Results: There were no other genes associated with AO, except for the correlation between AO and CAG repeat 
lengths in the ATXN2 gene (r = -0.515, P = 0.000). 
Conclusions: In conclusion, the CAG repeat lengths in ATXN2 gene is the main genetic factor, which could explain 
40.8% of AO variance. 

290 
Inpatient vs outpatient workup of patients with ataxia and suspected paraneoplastic cerebellar degeneration: 
Does work-up location matter? 
N. Witek, M. Afshari, Y. Liu, B. Ouyang, D. Hall (Chicago, IL, USA) 
Objective: To assess the outcomes of patients with ataxia evaluated for paraneoplastic syndrome primarily in an 
outpatient or inpatient setting. 
Background: Although paraneoplastic ataxias are rare, affecting 1-2/1000 patients diagnosed with cancer, 
neurologists routinely consider them as part of the workup for ataxia [1,2]. There is no evidence guiding whether 
outcomes differ when patients undergo inpatient or outpatient workup. 
Methods: This study is a retrospective analysis evaluating the records of all adult patients with ataxia who 
underwent workup for paraneoplastic syndrome from March 2011 until June 2018 at Rush University Hospital. 
Baseline functional status, diagnosis, workup, and ambulatory outcomes of patients were recorded.  Using t test or 
Mann-Whitney U test and Chi-square test or Fisher’s exact test, we compared outcomes between those who 
underwent workup primarily as an inpatient compared to outpatient. A logistic regression analysis was performed 
assessing outcomes based on change in modified Rankin Scale (mRS). 
Results: There were 79 patients included in the analysis: 19 patients (24%) underwent evaluation as an inpatient, 
and 60 (85.7%) underwent workup as an outpatient. Patients who underwent inpatient workup were more likely to 
receive immunotherapy 14/19 (73.68%) compared to outpatients 12/60 (20%) (P<0.0001) and more likely to 
improve from presentation based on change in mRS in 10/19 (52.6%) compared to 12/60 (22.41%) (P=0.01). When 
immunotherapy was used, those who underwent inpatient workup received treatment in a significantly shorter period 
than those with outpatient evaluation (median 0.4 months (IQR=0.97) from presentation vs. median 6.3 months 
(IQR= 8.85) (P=0.02). Patients admitted for workup were more likely to receive a specific diagnosis for their ataxia: 
17/19 (89.47%) compared to 35/60 (58.33%) of those with outpatient evaluations (P=0.01). Those who received a 
diagnosis received it significantly faster in the inpatient group than those who underwent outpatient workup, 0.16 
months (IQR=0.8) compared to 2 months (IQR= 6.7) respectively (P=0.03). 
Conclusions: This study shows that patients who undergo workup for paraneoplastic cerebellar degeneration as an 
inpatient are more likely to receive a specific diagnosis and immunotherapy, and receive them faster than patients 
evaluated as an outpatient. 
References: 1. Rojas I, Graus F, Keime-Guibert F, et al. Long-term clinical outcome of paraneoplastic cerebellar 
degeneration and anti-yo antibodies. Neurology. 2000;55(5):713-715. 2. Dalmau J. Paraneoplastic syndromes of the 
CNS. Lancet Neurol. 2008;7(4):327-340. http://www.sciencedirect.com/science/article/pii/S1474442208700607 

291 
The severity of motor dysfunctions and autonomic dysfunctions are not correlated in multiple system atrophy 
T. Yamamoto, Y. Yamanaka, A. Sugiyama, S. Hirano, T. Uchiyama, M. Asahina, R. Sakakibara, S. Kuwabara 
(Chiba, Japan) 
Objective:  Although it is well known that patients with multiple system atrophy (MSA) cerebellar dominant type 
(MSA-C) show severe autonomic dysfunction, the relationship between autonomic and motor dysfunction remains 
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uncertain. We aimed to clarify the relationship between the severity of motor dysfunctions and autonomic 
dysfunctions. 
Method: We retrospectively reviewed 46 patients with MSA-C diagnosed according to Gilman’s second consensus 
criteria. The severity of motor dysfunctions was evaluated using International Cooperative Ataxia Rating Scale 
(ICARS). Urodynamic study (post-void residuals (PVR) and sphincter electromyography) and head-up tilt tests were 
performed. 
Results: The mean age of patients was 63.8 ± 8.2 years and mean disease duration was 3.0 ± 1.9 years. The mean 
ICARS score was 40.1 ± 14.7. The mean PVR was 119.1 ± 102 ml and the mean duration of sphincter 
electromyography was 9.2 ± 2.2 ms. The mean reduction in systolic (⊿sBP) and diastolic (⊿dBP) blood pressure in 
head-up tilt test was 24.6±2.0 mmHg and 11.1±1.3 mmHg, respectively. The correlation coefficient between ICARS 
and PVR was 0.093 (p = 0.539) (Figure 1a), and between ICARS and mean duration of MUPs was 0.105 (p = 0.811) 
(Figure 1b). A significant positive correlation (r = 0.296, p = 0.005) was noted between PVR and the mean duration 
of MUP (Figure 1c). The correlational coefficient between ICARS and ⊿sBP and ⊿dBP was 0.157 (p=0.316) and 
0.033 (p=0.831), respectively. 
Conclusion: Motor and autonomic dysfunctions are not correlated in MSA-C.  
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292 
Alcohol- Induced Cerebellar Ataxia 
B. Zeigelboim, H. Teive, C. Santos Junior, J. Malisky, M. da Rosa, R. Sampaio, M. José (Curitiba, Brazil) 
Objective: To verify vestibulocochlear disorders observed in a case of alcohol-induced cerebellar ataxia. 
Background: Alcohol-induced cerebellar degeneration is the commonest type of acquired toxic ataxia, a frequent 
neurological disorder among alcoholics. The onset of the cerebellar symptoms usually occurs at middle age, with a 
significant history of chronic alcohol abuse. Permanent cerebellar deficits are observed among alcoholics, and they 
persist even with alcoholic abstinence. 
Methods: It is a clinical case study of alcohol-induced cerebellar ataxia. The patient featured troubled walking 
(wide-based gait, preserved tactile sensitivity, hyperesthesia of the lower limbs, nystagmus, dysmetria, mild 
dysdiadochokinesia, numbness in the distal phalanges of the upper limbs, and uncoordinated movement. 
Results: The patient evidenced bilateral hearing loss from the frequency of 3kHz and absence of ipsilateral reflexes; 
magnetic resonance imaging (MRI) showed atrophy of the Cerebellar Vermis; brainstem auditory evoked potential 
test (BAEP) evidenced diffused dysfunction of the auditory pathways; balance testing showed labyrinthine 
hypofunction with presence of bidirectional nystagmus, featuring central vestibular disorder; central auditory 
processing evaluation (CAP) showed alterations in the temporal ordination skills and auditory localization, and the 
falls efficacy scale (FES-1-Brazil) evidenced abnormalities. 
Conclusions: The patient started treatment using B12 vitamin, thiamine and physical therapy. Currently, despite 
reported balance improvement, he needs ambulation support. He features nystagmus, bilateral dysmetria, mild 
dysdiadochokinesia, continuous tinnitus in his left ear, blurred vision and neck pain while moving it. 
References: [1] Yokota O, Tsuchiya K, Terada S, Oshima K, Ishizu H, Matsushita M, Kuroda S, Akiyama H. 
Frequency and clinicopathological characteristics of alcoholic cerebellar degeneration in Japan: a cross-sectional 
study of 1,509 postmortems. Acta Neuropathol. 2006;112(1):43-51, [2] Torvik A, Torp S. The prevalence of 
alcoholic cerebellar atrophy. A morphometric and histological study of an autopsy material. J Neurol Sci. 
1986;75(1):43-51. 

293 
Another mitochondrial disease mimic: Two Case reports of adult riboflavin transporter deficiency (RTD) 
type 2 with muscle adenosine monophosphate (AMP) deaminase deficiency 
L. Zhang, D. Thyagarajan (Melbourne, Australia) 
Objective: To present two rare cases of RTD type 2 with co-existing AMP deaminase deficiency. 
Background: RTD, formerly known as Brown-Vialetto-Van Laere syndrome, is a rare progressive neurological 
syndrome of early life featuring auditory and optic neuropathy, muscle weakness involving bulbar muscles and 
diaphragm and sensory ataxia (Allison T, 2017). Thus, it can mimic mitochondrial disease and may present to 
movement disorder neurologists because of ataxia. The diagnosis now can be made by detecting genetic mutations, 
particularly SLC52A3 and SLC52A2, responsible for the two main RTD types, type 3 and 2. Untreated patient 
usually die by around 9 years of age (Mah JK, 2017), but long-term survival into late adulthood has reported to 
treatment with high dose oral riboflavin (Jaeger B., 2016) - hence the importance of accurate diagnosis. AMP 
deaminase deficiency is also a condition with known genetic mutation (AMPD1) with a reported prevalence of 2% 
in early studies (Fishbein W. N., 1978, Morisaki T., 1986). However, acquired form in the presence of other 
neuromuscular conditions has also been identified (Fishbein W, 1985). 
Methods: Case report. 
Results: We report two long-term survivors of RTD type 2 due to compound heterozygous 185 T>G and 1258G>A 
mutations in gene SLC 2A2. They are two brothers of a heavily affected family in which two female siblings died in 
childhood from a similar syndrome of visual impairment, ataxia and muscle weakness. Both brothers are unusual in 
that they have survived for much longer than expected despite a major delay from symptom onset to formal genetic 
diagnosis. Muscle biopsies in both showed AMP deaminase deficiency without AMPD1 mutation on whole genome 
sequencing. 
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Conclusions: Co-existing RTD type 2 and muscle AMP deaminase deficiency has not been previously reported. We 
hypothesise that the coexisting AMP deaminase deficiency may have helped in preserving muscle function and 
therefore survival through accumulation of AMP in muscle (Fabrice Rannou, et. al 2017). In our RTD family, the 
absence of a mutation in AMPD1 suggests an acquired AMP deaminase deficiency may result from compensatory 
downregulation in the setting of disturbed muscle energy metabolism. Future research such as examining the 
prevalence of AMP deaminase deficiency in the categories of muscle disease would be useful to test this hypothesis. 

294 
The First Chinese Case of Fragile X-associated Tremor/ Ataxia Syndrome :an underestimated disease in 
China 
C. Zhao (Jinan, China) 
Objective: To report the first case of FXTAS from mainland of China and review the literature to find out why is 
FXTAS an underestimated disease in China. 
Background: Fragile X-associated tremor/ataxia syndrome(FXTAS) is a late onset,X-linked genetic, 
neurodegenerative disorder caused by a ‘’premutation (PM) ‘’ in the fragile X mental retardation 1 (FMR1) gene. 
FXTAS was first reported in the literature by Hagermanin 2001 and there have been many cases reported in the 
world now. But to our knowledge there isn’t FXTAS case reported from mainland of China. 
Methods: We report a 67-year-old right-handed farmer with 8-year history of tremor especially orthostatic tremor. 
The tremor progressed gradually and he had gait problem recently. We gave him physical examination,cranial MRI 
and gene test. We conducted a systematic review of the literature to summarize and analyse the character of FXTAS. 
Results: The brain MRI showed high intensity signal in the bilateral middle cerebellar peduncles (MCP) and gene 
test for premutation for FMR1 was positive with 101 CGG repeats. FXTAS was considered for this patient. We 
analysed the 56 cases with detailed clinical information though the systematic review of the literature.We find out 
that 71.43% (40/56) FXTAS patients have family history of FMR1 gene associated disease;the frequency of tremor 
is very high (82.14%,46/56) which has character that intention tremor is dominant 42.86% (24/56) and about 
30.36%  (17/56) have at least two types of tremor;there is 65.63% male FXTAS patients and 35.71% in female has 
MCP sign in cerebral MRI. 
Conclusions: In patients particularly males over the age of 50 with intention tremor especially with different types 
tremor, ataxia gait,presence MCP in MRI and with family history of FMR1 gene associated disease should raise 
suspicion of FXTAS. 

295 
Identification of modifier genes related to G proteins pathways on the motor capacity of a Drosophila 
melanogaster model of Friedreich's ataxia 
E.G. Zucchet, J. Gonzalez, P. Calap, P. Gonzalez Cabo, M.D. Moltó Ruiz (Valencia, Spain) 
Objective: To identify genetic modifiers related to G-protein coupled receptor signaling pathways, which might 
improve a frataxin-depleted phenotype in a Drosophila model of Friedreich's ataxia. 
Background: Friedreich's ataxia (FRDA) is a neurodegenerative and hereditary disease, affecting both the central 
and peripheral nervous systems and the heart. It is caused by the deficiency of the frataxin protein, involved in the 
biosynthesis of the iron-sulfur clusters in the mitochondria.  It is proposed that alterations in G-protein coupled 
receptor signaling pathways are involved in the pathophysiological mechanism of the disease.  Our working 
hypothesis is that modifying the expression of genes that act in these signaling pathways could improve the 
phenotypes associated with frataxin deficiency.  This study would contribute to find a therapeutic target in FRDA, a 
disease that currently lack an effective treatment. 
Methods: We used a D. melanogaster model of FRDA, previously obtained in our laboratory (1). Model flies show 
a reduction in their climbing capacity of 25% compared to control flies. To identify genetic modifiers of the motor 
impairment of the FRDA model flies, we conducted a genetic screen of G-protein coupled receptor signaling 
pathways. Specifically, we examined the effect of 133 knockdown alleles (GPCR alleles) on this phenotype. The 
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transgenic RNAi lines were obtained from the Vienna Drosophila Resource Center. The climbing assays were 
performed as indicated in Calap-Quintana et al (2). 
Results: We found that 13 GPCR alleles altered the climbing phenotype, 33 produced lethality and 87 did not 
change the motor dysfunction of the FRDA model flies.  The knockdown of the genes 5-HT2A, Pk1r, AkhR, Ir56d, 
CCAP-R and CCHa2-R suppressed the frataxin-depleted phenotype. In all cases, the effect of the corresponding 
alleles on their own had no effect on the viability or motor performance of control flies. 
Conclusions: We have found 5 genes related to G-protein coupled receptor signaling pathway that improved the 
climbing ability of the FRDA model flies. Most of them encode receptors coupled to the Gq subunit, being able to 
act on calcium homeostasis and its signaling.  The improvement of motor performance in the model flies might due 
to reduction of cytosolic Ca+2 overload that has been observed in other models of the disease. 
References: (1) Llorens JV, Navarro J a, Martínez-Sebastián MJ, Baylies MK, Schneuwly S, Botella J a, et al. 
Causative role of oxidative stress in a Drosophila model of Friedreich ataxia. FASEB J. 2007, 21(2):333–344. DOI: 
10.1096/fj.05-5709com (2) TORC1 Inhibition by Rapamycin Promotes Antioxidant Defences in a Drosophila 
Model of Friedreich’s Ataxia Pablo Calap-Quintana1, Sirena Soriano1,2, José Vicente Llorens1¤, Ismael Al-
Ramahi2,Juan Botas2, María Dolores Moltó1,3*, María José Martínez-Sebastián1. PLoS ONE, 10 (2015), p. 
e0132376 doi: 10.1371/journal.pone.0132376 

Choreas (Non-Huntington’s Disease) 

296 
Permanent chorea in 76-years-old female with poorly controlled diabetes 
F. Abu Ahmad, A. Socher, A. Gadoth, O. Aizenstein, A. Hilel, R. Hurvitz-Alon, N. Giladi, T. Gurevich (Tel Aviv, 
Israel) 
Objective: To present a unique case of a patient with hyperglycemic associated chorea showing no improvement 
during a long-term follow-up, despite a strict glycemic control. 
Background: Chorea hyperglycemia basal ganglia syndrome (CHBS) is a rare disorder accounting for only 1% of 
the total chorea-ballism cases. The knowledge of this disorder is based on case reports and case series sharing 
distinctive clinical and radiological features. It is characterized by acute or subacute, most often 
unilateral, evolvement of chorea/ballism after nonketotic hyperglycemic episode, MRI characteristic features mainly 
of T1-hyperintense signal in the basal ganglia, and alleviation of symptoms as glycemic control is achieved. 
The pathophysiology of CHBS is poorly understood. 
Methods: We report a poorly controlled diabetic patient who developed permanent CHBS. 
Results: A 76-year-old poorly controlled diabetic female, presented with ataxia, dysarthria and nonketotic 
hyperglycemia, her blood glucose level was up to 700 mg/dl, basic HbA1C was 12.5%. CT scan demonstrated 
chronic ischemic changes in the left parietal lobe not thought to be contributing to her symptoms. Several days after 
her admission she developed choreiform movements more prominent on the lower limbs, rigid tone, hypomimia and 
cognitive decline. MRI scan demonstrated T2 widespread white matter hyperintensity, T1 hyperintense and T2 
hypointense abnormalities in the basal ganglia bilaterally consistent with a metabolic disorder. An extensive workup 
was unremarkable. A gradual control of her blood sugar was started achieving HbA1C of 7%. During 18-months of 
follow-up no improvement in symptoms including chorea was seen despite a strict glycemic control. 
Conclusions: The emergence of chorea in uncontrolled diabetic patient should raise the suspicion of CHBS in the 
setting of characteristic T1 MRI hyperintensity in the basal ganglia. Although mostly a benign disorder improving as 
the glucose levels are controlled, in accordance to this case, we conclude that CHBS might be complicated by a 
permanent chorea and extrapyramidal features attributed to an irreversible damage to the basal ganglia. Therefore, 
an early recognition and treatment, mainly strict glycemic control, is of major importance in order to avoid 
complications. 
References: 1. Ryan C, Ahlskog JE, Savica R. Hyperglycemic chorea/ballism ascertained over 15 years at a referral 
medical center. (2018) Parkinsonism Relat Disord; 48:97-100. 2. Zhou Y. Hemichorea in nonketotic hyperglycemia: 
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Putamenal and cerebellum lesion on MR imaging. (2012) World Journal of Neuroscience. 02 (02). 3. Wintermark 
M, Fischbein NJ, Mukherjee P et-al. Unilateral putaminal CT, MR, and diffusion abnormalities secondary to 
nonketotic hyperglycemia in the setting of acute neurologic symptoms mimicking stroke. (2004) AJNR Am J 
Neuroradiol. 25 (6): 975-6. 4. Lai PH, Tien RD, Chang MH et-al. Chorea-ballismus with nonketotic hyperglycemia 
in primary diabetes mellitus. (1996) AJNR Am J Neuroradiol. 17 (6): 1057-64. 

297 
Benign hereditary chorea: A Tunisian family case presentation 
M. Akkari, H. Ben Rhouma, H. Klaa, A. Rouissi, I. Kraoua, I. Turki (Tunis, Tunisia) 
Objective: To discuss clinical and genetic characteristics and therapeutic findings in a family with  Benign 
Hereditary Chorea(BFC). 
Background: Benign hereditary chorea (BHC) is a mild movement disorder. This autosomal recessive disease is 
due to a mutation of the NKX2-1 gene on chromosome 14(also known as TTF-1 gene). 
Methods: Clinical, neuro-imaging and genetic findings were collected in three members of a tunisian family. 
Results: We followed up in our department three affected members of one family: two siblings and their father. 
Both siblings, from consanguineous marriage, had a global motor delay with gait disorders. At the age of 18 months 
,the boy presented generalized dystonia with chorea ,motor tics and pyramidal signs. His younger sister had a similar 
clinical phenotype with an age of onset at 5 years . the father had a less severe chorea and mild mental retardation . 
The biological examinations revealed a subclinical hypothyroidism in both siblings. A brain MRI and a complete 
metabolic assessment were ordered and showed no abnormalities. The genetic study revealed a mutation in 
the NKX2-1 gene  in these three affected family members. Those siblings were improved with low doses of 
Haloperidol. 
Conclusions: This  family case illustrates the rich phenomenology of NKX2-1-related disorders as well as the 
intrafamilial variation of clinical phenotypes. 

298 
PNKP deficiency mimicking a benign hereditary chorea: the misleading presentation of a neurodegenerative 
disorder 
C. CAPUTI, M. TOLVE, S. GALOSI, M. INGHILLERI, C. CARDUCCI, A. ANGELONI, V. LEUZZI (Roma, Italy) 
Objective: We report on a new case expanding the clinical presentation of PNKP deficiency 
Background: PNKP gene encodes for a kinase/phosphatase protein involved in DNA damage response controlled 
and stabilized by ATM phosphorilation1. PNKP deficiency, thus far described in 40 subjects, has been associated 
with a pleiotropic neurological phenotype encompassing microcephaly, seizures, developmental delay, ataxia, 
oculomotor apraxia and polyneuropathy2,3,4. We report on a new presenting phenotype of the disease characterized 
by a pure generalized chorea. 
Methods: This 25 year-old girl presented at the age of 2 with subacute onset chorea. On examination she showed: 
normal psychomotor developmental, mild microcephaly, and generalized chorea mimicking Sydenam’s chorea. 
Neuroimaging, rheumatological and metabolic diagnostic work-up was inconclusive. In the following years the 
movement disorder (MD) remained stable with relapses and partial remissions, well controlled by pimozide. She has 
never presented ocular motility disorders. Cognitive development was normal and she was able to have a normal 
academic career. At the age of 19 she complained progressive fatigability and asthenia of lower limbs. Clinical and 
neurophysiological examination revealed a sensory-motor axonal demyelinating neuropathy. In the few following 
years the neuropathy spread to upper limbs with a distal to proximal progression pattern. At the moment she is able 
to walk only with orthosis. At the age of 20 brain MRI disclosed cerebellar atrophy. Blood examination showed 
hypercholesterolemia and hypoalbuminemia. Alpha fetoprotein was normal 
Results: Clinical exome revealed a compound heterozygous variant on PNKP gene: c.1253_1269dup and 
c.1196T>C p.Leu399Pro. Segregation was confirmed in the parents. 
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Conclusions: PNKP gene should be considered in the differential diagnosis of each early onset  choreic syndrome. 
The apparent stable clinical course in this condition anticipates of several years a severe ascendant neuropathy. 
Microcephaly plus chorea are clinical markers of this disease. 
 
The present abstract has been presented in two previous meeting:-Ataxia Telangiectasia Clinical Research 
Conference (29 November1 December 2018, Napoli);-6 th international symposium on paediatric movement 
disorders (78 February 2019, Barcellona) 
References: [1] J.L. Parsons, S.V. Khoronenkova, I.I. Dianova, N. Ternette, B.M. Kessler, P.K. Datta, G.L. Dianov, 
Phosphorylation of PNKP by ATM prevents its proteasomal degradation and enhances resistance to oxidative stress, 
Nucleic acids research 40 (2012) 11404-11415 [2] J. Bras, I. Alonso, C. Barbot, M.M. Costa, L. Darwent, T. Orme, 
J. Sequeiros, J. Hardy, P. Coutinho, R. Guerreiro, Mutations in PNKP cause recessive ataxia with oculomotor 
apraxia type 4. Am J Hum Genet. 96 (2015) 474-479 [3] J. Shen, E. C. Gilmore, C. A. Marshall, M. Haddadin, J. J. 
Reynolds, W. Eyaid, A Bodell, K. Allen, B. S. Chang, A. Grix, R. Sean Hill, M. Topcu, K. W. Caldecott, A. J. 
Barkovich, and C. A. Walsh [4] A. Leal, S. Bogantes-Ledezma, A.B. Ekici, S. Uebe, C. T. Thiel, H. Sticht, M. 
Berghoff, C. Berghoff, B. Morera, M. Meisterernst, A. Reis, The polynucleotide kinase 3′-phosphatase gene (PNKP) 
is involved in Charcot-Marie-Tooth disease (CMT2B2) previously related to MED25. Neurogenetics 19 (2018) 1-11 

299 
A life-threatening case of Anti-IgLON5 disease 
M. Filidei, N. Tambasco, F. Paolini Paoletti, S. Simoni, E. Brahimi, G. Cappelletti, P. Nigro, P. Calabresi (Perugia, 
Italy) 
Objective: To present a case of anti-IgLON5 disease with life-threatening respiratory complications. 
Background: Anti-IgLON5 disease is a little known CNS disorder characterized by non-REM and REM 
parasomnias and respiratory dysfunction. Other features include bulbar syndrome, gait abnormalities, chorea and 
cognitive decline. Furthermore, patients can develope severe respiratory disturbances such as central 
hypoventilation. The disorder is associated with IgLON5 antibodies, HLA DRB1 and HLA DQB1 and tauopathy 
predominantly involving the hypothalamus and tegmentum of the brainstem. These findings place this disorder at 
the convergence of neurodegenerative and autoimmune mechanisms. Most of patients do not improve with 
immunotherapy [1,2]. 
Methods: We report a case of anti-IgLON5 disease with chorea and respiratory impairment. 
Results: In 2015 a 71-years-old woman was admitted to our Clinic for a one-year-history of progressive insomnia, 
sleep parasomnias, chorea, behavioral disorders and respiratory disturbances. Her past medical history revealed 
COPD and diabetes mellitus. She never received antipshycotic therapy. Neurological examination showed choreic 
movements affecting the limbs, trunk and face. Neuropsychological assessment revealed impaired executive and 
visuospactial function [3]; brain MRI, molecular analysis of IT-15 gene, acanthocytosis, autoimmune, metabolic and 
paraneoplastic screening were unremarkable. Tetrabenazine was administered, but the drug was not tolerated. In 
2016, the patient presented psychosis and aggressive behavior; haloperidol was administered; in this context, the 
patient developed acute respiratory failure and needed intensive care. Later, she presented further episodes of 
respiratory distress and required intensive care each time. Finally, in 2017, positive anti-IgLON5 Ab and HLA 
DRB1 and HLA DQB1 genes were found. In the 2-years of follow-up, choreic, psychotic and respiratory disorders 
improved spontaneously, while sleep disorders still persist. 
Conclusions: Anti-IgLON5 is newly described CNS disorder; further studies are needed to clarify its exact 
pathogenesis and find a specific treatment. 
References: [1] Gaig et al., Clinical Manifestation of the anti-IgLON disease, Neurology, 2017; [2] Heidbreder et 
al., Anti-IgLON5 disease, Curr Treat Opinions Neurol, 2018; [3] Simabukuro et al., Sleep disorders, chorea and 
dementia associated with IgLON5 antibodies, Neurol Neuroimmunol Neuroinflamm, 2015. 
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300 
Pallidal surgery and physiological mechanism in choreic movements 
T. Hashimoto, T. Goto, K. Yoshida, L. Johnson, J. Vitek (Matsumoto, Japan) 
Objective: To investigate the effect of deep brain stimulation (DBS) or coagulation of the internal globus pallidus 
(GPi) for choreic movements of various disorders and clarify the physiological mechanisms underlying choreic 
movements. 
Background: Overall efficacy of pallidal surgery on choreic movements of various etiologies has not been fully 
assessed. Little is known about the physiological mechanisms underlying choreic movements. 
Methods: Five patients with choreic movements (striatal lacunar infarction, dentatorubral-pallidoluysian atrophy, 
diabetic hemichorea-hemiballism, Huntington's disease, tardive dyskinesia) were treated with pallidotomy or GPi 
DBS. During intra-operative mapping we recorded spontaneous neuronal activity from single neurons in the GPi and 
the external globus pallidus (GPe). Neuronal discharge rates and patterns were analyzed and compared to those 
collected from patients with Parkinson's disease (PD). 
Results: Choreic movements were abolished after pallidal surgery in all patients and have not returned over the 
follow-up period up to 2 years. We analyzed 49 GPi and 44 GPe neurons from the chorea patients and 183 GPi and 
176 GPe neurons from 28 patients with PD. The discharge frequencies of the GPi (mean±SD, 50.0±31.7Hz) and 
GPe (32.6±21.4Hz) in choreic disorders were significantly lower (p<0.005) than those of the GPi (86.6±31.7Hz) and 
GPe (60.3±26.3Hz) in PD, and discharge patterns of the GPi were more irregular in choreic disorders. Oscillatory 
activity was different between these two groups. 
Conclusions: Pallidal surgery was highly effective for the treatment of choreic movements regardless of their 
etiology, suggesting they may share a common neural mechanism. Compared to PD, neuronal discharge rates and 
patterns of activity in the GPi were different in choreic movements resembling those reported previously in dystonia. 
The lower mean discharge rates in the GPe and GPi would suggest the direct pathway plays a predominant role in 
determining the discharge rates of GPi neurons in chorea and are consistent with overactivity in the direct pathway. 
We hypothesize that chorea develops as a result of the altered patterns of neuronal activity in the GPi disrupting 
information processing in the thalamocortical and cortical-cortical circuits that is restored though either removing or 
modulating this aberrant output from the GPi. 

301 
Acute hemichorea in patient of uncontrolled type 2 diabetes mellitus; a case report with characteristic 
imaging 
A. Helmy, M. Salem, E. Abdeldayem, A. Shalash (cairo, Egypt) 
Objective: chorea is a rare complication of uncontrolled type 2 diabetes . we report a case of hyperglycemia, due to 
uncontrolled type 2 diabetes, presented by acute hemichorea. 
Background:  
A 71 years old , female patient , diabetic 15 years ago (type2 , on oral hypoglycemic drugs yet not compliant nor 
controlled) , hypertensive , non smoker , presented by sudden onset , stationary course of one month duration of 
right sided involuntary, jerky, brief , semi- purposeful movement (hemi-chorea) involving both right upper limb and 
lower limb and facial grimace with intact conscious level. Her serum sugar was 417 mg/dl, with no acetone in urine . 
Her glycated hemoglobin was 12.4%, and other laboratory investigations were within normal. 
Methods:  
A computed tomography scan of the brain showed left basal ganglionic hyperdense lesion and her MRI brain 
showed left hyperintense lesion in T1 film and hypointense in T2star film. She controlled her diabetes and received 
Resperidone 4 mg and improved partially also her follow up CT brain showed regression of left basal ganglionic 
lesion. 
Results: in this case patient had diabetic striatopathy which is a syndrome characterized by presence of increased 
signal with the corpus striatum on T1WI, with contralateral hyperkinetic movement disorders. Commonly observed 
in patients with type 2 DM. Most patients at time of presentation have a clinical picture consistent with non-ketotic 
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hyperglycemia. Mechanisms of chorea in this case include relative dopaminergic hypersensitivity, vascular 
insuffiency causing transient ischemia to basal ganglia and shifting of cerebral metabolism to anaerobic pathway 
causing reduction in both GABA and acetylcholine with metabolic acidosis leading to basal ganglia dysfunction. 
Conclusions: hemichorea is a rare complication of diabetes and this will direct the clinicians for optimum control of 
hyperglycemia. 

302 
Acute chorea secondary to cephalosporin 
B. INES, B. ZEINEB, M. MALEK, Z. JAMEL, M. RIDHA (TUNIS, Tunisia) 
Objective: To report a case of acute chorea induced by ceftriaxone and to explain neurotoxicity of antibiotics. 
Background: B Chorea was classically described in patients under neuropsychiatric drugs. Recently, some 
antibiotics as ß-lactam had been incriminated in movement disorders. 
Methods: Methods:  medical teaching case report 
 Case report: We report a 65-year-old man  with renal failure who  was prescribed ceftriaxone 1.5 g/day 
intravenously for the treatment of acute upper urinary infection.  Four days after, he developed drowsiness 
associated to chorea. Magnetic resonance image of the brain, cerebro-spinal fluid were normal. Dosage of 
ceftriaxone was high in blood.  Withdrawal of antibiotics, complete resolution of the movement disorders and the 
drowsiness  was obtained in two days.Conclusion: ß-lactam antibiotics induce neurological hyperexcitability 
disorders by glutamate excess in the striatum and cerebral cortex, specially patients with renal failure.  Movement 
disorders could appear. Adjustment of these antibiotics in the patients with failure renal clearance is recommended. 
Results: Case report: We report a 65-year-old man  with renal failure who  was prescribed ceftriaxone 1.5 g/day 
intravenously for the treatment of acute upper urinary infection.  Four days after, he developed drowsiness 
associated to chorea. Magnetic resonance image of the brain, cerebro-spinal fluid were normal. Dosage of 
ceftriaxone was high in blood.  Withdrawal of antibiotics, complete resolution of the movement disorders and the 
drowsiness  was obtained in two days. 
Conclusion: ß-lactam antibiotics induce neurological hyperexcitability disorders by glutamate excess in the striatum 
and cerebral cortex, specially patients with renal failure.  Movement disorders could appear. Adjustment of these 
antibiotics in the patients with failure renal clearance is recommended. 
Conclusions: Conclusion: ß-lactam antibiotics induce neurological hyperexcitability disorders by glutamate excess 
in the striatum and cerebral cortex, specially patients with renal failure.  Movement disorders could appear. 
Adjustment of these antibiotics in the patients with failure renal clearance is recommended. 

303 
Trihexyphenidyl-induced chorea in a patient with spastic torticollis: A case report 
H. Kawasaki, O. Oota, S. Seo, K. Kei, T. Mistufuji, K. Takahashi, N. Tamura, T. Yamamoto (moroyama, Japan) 
Objective: We report a case of spasmodic torticollis which may be induced chorea with trihexyphenidyl. 
Background: High-dosage of trihexyphenidyl is commonly used in the management of focal dystonia including 
spasmodic torticollis. The common side effects of trihexyphenidyl, an anticholinergic agent, are nausea, dry mouth, 
constipation, urination difficulty, blurred vision, cognitive decline, etc. There are few reports on trihexyphenidyl-
induced chorea in the literature. 
Methods: We decribe medical history and clinical data of the case. 
Results: In April 20XX, 70-year-old woman developed an abnormal head posture showing left rotation, right side 
bending and back flexion of the head, and she was diagnosed with spastic torticollis. Although the dose of 
trihexyphenidyl was increased up to 12 mg / day, dystonia did not improve and chorea appeared predominatly in 
distal limbs to have a walking difficulty. In February, 20XX+1, she was admitted to our hospital. As she had a past 
history of oral intake of duloxetine, we thought the involuntary movement like chorea was a tardive dyskinesia. We 
increased the dose of trihexyphenidyl to 24 mg / day, but it was not effective on spastic torticollis. On April 3th, 
after she stopped taking oral administration of trihexyphenidil, chorea markedly reduced. On April 6th、she 
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recovered to walk alone. Nomoto et al (1987) reported five adult patients with various forms of idiopathic focal or 
segmental dystonia who developed chorea in the course of treatment with trihexyphenidyl. In all cases chorea 
disappeared by discontinuation of oral administration of trihexyphenidyl. They considered chorea developed by 
potentiating the action of dopamine in the brain as a result of anticholinergic action of trihexyphenidyl. 
Conclusions: Trihexyphenidyl may cause chorea through enhancement of dopamine activity in the basal ganglia in 
patients with spasmodic torticollis. 

304 
Post-pump chorea and progressive supranuclear palsy like syndrome following major cardiac surgery: A 
case series 
G.W. Kim, K.W. Park, N.R. Choi, H.S. Ryu, H.J. Kim, C.S. Lee, S.J. Chung (Seoul, Republic of Korea) 
Objective: We report three patients who developed movement disorders after major cardiac surgery and suggest a 
common underlying mechanism. 
Background: Choreiform movement disorder occurs in a number of children undergoing cardiopulmonary surgery 
utilizing cardiopulmonary bypass (CPB) and deep hypothermia circulatory arrest (DHCA), namely the post-pump 
chorea. However, several adult cases were also reported. In addition to this peculiar condition, there have been 
reports of a distinct condition mimicking features of progressive supranuclear palsy (PSP) following complex aortic 
surgeries. 
Methods: Case series. 
Results: Patient 1, a 25-year-old male, presented with acute onset of generalized choreoathetosis that developed 7 
days after bilateral pulmonary endarterectomy (PEA) for acute pulmonary embolism. Magnetic resonance imaging 
(MRI) revealed bilateral T2 high signal intensities of the globus pallidus with diffusion restriction, which 
normalized after 2 weeks. Symptoms peaked at 2 postoperative weeks then slowly lessened. Patient 2 was a 38-year-
old male who presented with generalized choreoathetosis that developed 10 days after bilateral PEA for chronic 
thromboembolic pulmonary hypertension. The chorea worsened for the following 2 weeks and then stabilized. MRI 
taken 3 weeks after the onset showed no demonstrable abnormalities.Patient 3, a 48-year-old male, presented with 
gait disturbance and an inability to look downward that developed 1 month after aortic replacement surgery for acute 
thoracic aortic dissection. Absent vertical saccades, dysarthria, axial rigidity and gait freezing were observed. MRI 
taken at 4 months and at 48 months postoperatively revealed interval midbrain atrophy. 
Conclusions: We highlight that the post-pump chorea and PSP-like syndrome after major cardiac surgery, 
commonly manifest with a brief latent period before the onset. Therefore, we assume that specific brain regions are 
vulnerable to the hypoxic consequences of cardiopulmonary manipulation procedures. In recent autopsy report on 
post-pump chorea showed profound neuronal loss in the globus pallidus, and another autopsy report of PSP-like 
syndrome demonstrated fragmentation and severe loss of perineuronal nets surrounding the saccadic burst neurons. 
Whether our assumption of specific vulnerability could bridge the gap between the apoptosis model and perineural 
net model requires further investigations. 
References: 1. Przekop A, McClure C, Ashwal S. Postoperative encephalopathy with choreoathetosis. Handbook of 
clinical neurology 2011;100:295-305. 2. Mokri B, Ahlskog JE, Fulgham JR, Matsumoto JY. Syndrome resembling 
PSP after surgical repair of ascending aorta dissection or aneurysm. Neurology 2004;62:971-973. 3. Ditsworth D, 
Priestley MA, Loepke AW, et al. Apoptotic neuronal death following deep hypothermic circulatory arrest in piglets. 
Anesthesiology 2003;98:1119-1127. 4. Eggers SD, Horn AK, Roeber S, et al. Saccadic Palsy following Cardiac 
Surgery: Possible Role of Perineuronal Nets. PLoS One 2015;10:e0132075. 
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Convalescent Chorea in West Nile Virus Encephalitis 
A. Kirby, M. Afshari (Chicago, IL, USA) 
Objective: To discuss an unusual case of chorea in WNV encephalitis. 
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Background: The "neuroinvasive" form of human infection with West Nile virus (WNV) is known to cause 
meningitis, encephalitis, and poliomyelitis, particularly in the elderly and immunocompromised.  WNV has a 
particular tropism for extrapyramidal structures and movement disorders have been described in the acute and 
convalescent phases of WNV encephalitis. Tremor, myoclonus, and parkinsonism are the most commonly described 
[1]. 
Methods: Case report. 
Results: A 75-year-old woman with mild cognitive impairment presented to an outside hospital with 
encephalopathy for two weeks. Upon transfer to our institution, the patient was obtunded with subtle oromandibular 
dyskinesias. CSF was inflammatory: 39 WBC, 83% lymphocytes; 190 RBC with positive WNV IgM. CSF culture, 
HSV 1/2, enterovirus, AFB stain, listeria, varicella, VDRL, Eastern and Western Equine viruses, SLE antibodies, 
paraneoplastic panel, and cytology were negative. MRI of the brain with contrast showed chronic T2/FLAIR 
hyperintensities consistent with microvascular disease and no areas of enhancement. Forty-eight hours of EEG 
showed no epileptiform activity. There was no evidence of another infectious process or significant metabolic 
derangement. She was treated conservatively and her alertness improved, but she was disinhibited and emotionally 
labile which was not her baseline. One month after the onset of symptoms, her providers noticed the gradual 
progression of continuous flowing movements of her arms and trunk. Her examination was notable for clear truncal 
and appendicular chorea which gradually improved without treatment. She was discharged to a nursing facility. 
Conclusions: WNV infection causes a broad spectrum of movement disorders and few cases of chorea have been 
reported in the literature; none have been in the setting of WNV encephalitis [2]. It should be considered on the 
differential diagnosis of acute-onset chorea. The course in this case suggests a self-limited condition in the recovery 
phase from WNV infection in the absence of MRI abnormalities. 
References: 1. Sejvar JJ, Haddad MB, Tierney BC, et al. Neurologic Manifestations and Outcome of West Nile 
Virus Infection. JAMA. 2003; 290(4):511–515. 2. Cunha BA, Kang S and Chandrankunnem JG. West Nile Virus 
(WNV) infection presenting as acute chorea. Travel Medicine and Infectious Disease. 2012; 10(1): 52-53. 

306 
Hemichorea revealing a putaminal cavernous angioma 
Y. MECHERI, F. SERRADJ, B.S. FEKRAOUI, A. HAMRI (constantine, Algeria) 
Objective: Reporting an exceptional case of progrssive hemichorea revealing a putaminal cavernous angioma 
Background: Hemichorea is a rare movement disorder (MD) (0.7% of all MD) [1], consisting of unilateral, 
incontrollable and irregular, rapid jerking movements, it is mainly acquired (stroke, ketoacidosis, tuberculosis...). 
Cavernous angiomas (CA) of the central nervous system (CNS) are capillary bed malformations without the 
presence of interposed healthy parenchyma [2]. They can be congenital or acquired [3], their putaminal localization 
is very rare and their revelation by hemichorea remains an exceptional situation [4, 5], which occurs principally in 
adults [2]. 
Methods: Case report 
Results: A 56 years old male, smoker, without any pathological history, neuroleptic intake nor family history of 
Chorea, consulted for progressively worsening involuntary movements of his left upper limb dating back to one 
year. The examination found choreoathetoid movements that first appeared in his index than gradually extended to 
the root of his upper limb while becoming more and more frequents, No other abnormalities were noted in the 
neurological examination and the complete biological assessment. Brain MRI showed a lobulated nodular lesion of 
the right putamen and external capsule measuring 32 x 22 x 25 mm, with a popcorn aspect [Figure 1] made of high 
intensity mixed with millimetric hypointense foci and surrounded by a hypointense rim on T2 weighted images 
[Figure 2]. A blooming effect was present in T2* sequences, this finding is typical of CA.The patient responded well 
to symptomatic treatment with haloperidol awaiting a surgical intervention. 
Conclusions: Hemichorea can be exceptionally caused by a putaminal CA, brain MRI allows a precise diagnosis 
showing the actual size, topography and number of CA [6], symptomatic treatment can control chorea for a long 
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period [4] but surgical treatment should always be discussed [7] as hemorrhagic risk is particularly high in this 
localization. 
References: [1] Dewey RB et al. Hemiballism-hemichorea. Clinical and pharmacologic findings in 21 patients. 
Arch Neurol 1989; 46:862– 867. [2] Labauge P et al. Cavernomes du système nerveux central. EMC (Elsevier 
Masson SAS, Paris), Neurologie, 17-490-E-10, 2008. [2] Kim et al. An analysis of the natural history of cavernous 
malformations. Surgical Neurology 48 (1997) 9–18. [4] M.Ząbek et al. Right a hemichorea treated successfully by 
surgical removal of a left putaminal cavernous angioma, Clinical Neurology and Neurosurgery, Volume 115, Issue 
6, 2013, Pages 844-846. [5] B. Donmez et al. Putaminal cavernous angioma presenting with hemichorea, Mov. 
Disord. 19 (11) (2004) 1379–1380. [6] J. Gabrillargues et al. Imagerie des cavernomes du système nerveux central. 
Neurochirurgie 53 (2007) 141–151. [7] H. Ghannane et al. Analyse d’une série de cavernomes du système nerveux 
central : 39 cas non opérés, 39 cas opérés et un cas décédé. Neurochirurgie 53 (2007) 217–222. 
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Steroid responsive chorea in Moyamoya disease: illustrative cases 
S. Medarametla, N. Boraiah, S. swamy, S. Raju (Bangalore, India) 
Objective: To report the rapid reduction of disabling chorea in two cases of pediatric Moyamoya disease with pulse 
steroid therapy. 
Background: The common clinical presentation of paediatric Moyamoya disease is transient ischemic attacks, 
seizures, and migraine like headaches. Movement disorders occur in 3-6% of pediatric Moyamoya disease and 
chorea is the commonest of all. Most often, Chorea is highly disabling and interferes with the activities of daily 
living. We present to you two cases of chorea, secondary to Moyamoya disease which were highly steroid 
responsive. 
Methods: case report 
Results: Case 1: A 8-year-old female with normal birth history & developmental milestones came with history of 
generalized seizures, cognitive decline and generalized chorea (left>right) since 2 years & interfering with her daily 
activities since 1 year. The workup for childhood onset chorea revealed MRI with MRA showing Suzuki grade 3-4 
Moyamoya disease. She was treated with IV pulse methyl prednisolone for 3 days and UFMG Sydenham Chorea 
Rating Scale decreased from 48/84 to 32/84 immediately post 3 days of steroids 
Case 2: A 9-year-old female presented with recurrent left hemiparesis, seizure disorder and generalized choreiform 
movements since 2 years. MRI with MRA and Digital subtraction angiography confirmed Moyamoya disease as in 
[figure 1]. She was also treated with 3 days of IV pulse methylprednisolone, after which her UFMG Sydenham’s 
Chorea rating scale decreased from 24/84 to 3/84 and was able to carry out her daily activities. 
Conclusions: Chorea occurs in Moyamoya disease probably due to the ischemic changes affecting the excitatory-
inhibitory circuits connecting the basal ganglia and the cerebral cortex. Chorea often subsides with revascularization 
surgeries according to the previous studies. So our two cases highlight the need of steroids as a bridging therapy 
before surgery in view of the high reluctance or longer wait times to surgery. There were only 2 separate case 
reports of response to steroids in chorea with Moyamoya disease in the literature. Though the etiology of Moyamoya 
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disease is unknown, steroids probably decrease the chorea by affecting the neurotransmitters in the basal ganglia or 
some restoration of perfusion after steroid therapy. Further studies are required to elucidate the mechanism behind 
the response to steroids. 
References: 1. Pavlakis, Steven G., et al. “Steroid-Responsive Chorea in Moyamoya Disease.” Movement 
Disorders, vol. 6, no. 4, 1991, pp. 347–349 2. Ahn, Edward S., et al. “Chorea in the Clinical Presentation of 
Moyamoya Disease: Results of Surgical Revascularization and a Proposed Clinicopathological Correlation.” Journal 
of Neurosurgery: Pediatrics, 2013, pp. 313–319 3. vittal P et al. “Steroids- An initial symptomatic treatment for 
Moyamoya Induced chorea.” Movement disorders 2013 abstract supplement. 
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Sydenham’s chorea: Clinical features and treatment outcome 
S. Pandey, P. Rani (New Delhi, India) 
Objective: To study the clinical features, investigations and treatment outcome in Sydenham’s chorea patients. 
Background: Sydenham’s chorea is one of the major clinical manifestations of acute rheumatic fever. It is the most 
common form of acquired chorea in childhood. The incidence of acute rheumatic fever and Sydenham’s chorea has 
declined in developed countries due to regular use of antibiotics for group A streptococcal infections and better 
living conditions. However, acute rheumatic fever still possesses a major public health concern in poor countries. 1, 
2 
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Methods: This is a chart review of 20 patients of Sydenham’s chorea who were diagnosed among all the patients of 
chorea admitted in a tertiary care university teaching hospital. Their details regarding demographic, clinical, 
investigations, treatment and outcome data were recorded in a pre-structured proforma. Videos of patients were also 
analyzed to look for abnormal movements. 
Results: Our cohort had a mean age at onset of disease was 10.7 years (range 5-20 years). We found asymmetric 
chorea in 20% patients. Chorea was mild in one, moderate in eight and severe in eleven patients. Significant 
behavioral disturbances like irritability, attention deficit hyperactivity disorder, obsessive-compulsive disorder, and 
depression was observed in 18 patients. Our study also revealed some co-existing conditions like tuberous sclerosis 
(n=1), and old left intra-cerebral hemorrhage (n=1). Other associated features of acute rheumatic fever like 
arthritis/arthralgia (n=6), carditis (n=4) and mitral regurgitation (n=1) were also detected. Eight patients had a 
preceding history of seizures. Interestingly, three children of the same family were affected with Sydenham’s 
chorea. Raised ASO titers were seen in 85%, and anti-DNase in 15% of the patients. Patients were treated with 
either sodium valproate (n=14) or haloperidol (n=4) or a combination of the two (n=2). Relapses were seen in 3 
(15%) patients over an average period of 5.1 months (range 4 months to 1 year). 
Conclusions: Our report suggests that Sydenham’s chorea, a manifestation of ARF is still a major health problem in 
our country. In our cohort, some interesting observations regarding Sydenham’s chorea were made which included 
very common neuropsychiatric comorbidities, co-existing conditions, including a history of seizure and familial 
cases in three siblings. 
 
The abstract was presented during MDSICON 2019, 22-24 February, New Delhi 
References: 1) Seckeler MD, Hoke TR. The worldwide epidemiology of acute rheumatic fever and rheumatic heart 
disease. Clin Epidemiol. 2011 Feb 22;3: 67-84. 2) Eshel G, Lahat E, Azizi E, Gross B, Aladjem M. Chorea as a 
manifestation of rheumatic fever--a 30-year survey (1960-1990). Eur J Pediatr. 1993 Aug;152(8):645-6. 

309 
Huntington Disease-Like 2: A Case Presentation and Review of the Literature 
J. Pleen, V. Saini, N. Doher, R. Walker, V. Singh (Kansas City, KS, USA) 
Objective: To present a case of Huntington Disease-Like 2 (HDL2). HDL2 is rare and phenotypically similar to 
Huntington’s Disease (HD). However the gene, chromosome, and repeat expansion are distinct. 
Background: The patient is a 72 year-old African American male whose symptoms have been progressing over 10 
years. He initially presented with hallucinations, abnormal movements in the left arm, head nodding, and frequent 
throat clearing. The patient’s symptoms progressed to severe dysarthria, choreiform movements in his legs and lips. 
He is now wheelchair-bound. Family history is significant for multiple family members diagnosed with HD. 
Methods: Patient underwent brain MRI, neuropsychological testing, and targeted genetic analysis for pathogenic 
variants. Additionally, a pedigree and a review of the literature is presented. 
Results: MRI brain showed supratentorial involutional changes disproportionate to the patient’s age. 
Neuropsychological testing revealed deficits in memory (1st percentile), abstract reasoning (2nd percentile), and 
nonverbal skills (2nd percentile). The overall score was below the 1st percentile. Targeted genetic analysis for 
pathogenic variants found 42 repeats of CAG/CTG in junctophilin-3 (JPH3) gene, which confirmed the diagnosis of 
HLD2. 
Conclusions: While similar in phenotype to HD, HDL2 is caused by an expansion of CAG/CTG triplets in exon 2A 
of the JPH3 gene on chromosome band 16q24. HDL2 is a neurodegenerative disease without any disease-modifying 
pharmacological treatment, which progresses to death 10 to 20 years from diagnosis. Given the recent development 
of promising disease-modifying therapies for HD, it will become increasingly important from a clinical perspective 
to identify patients who will not respond to therapy due to differences in genotype. 
References: 1. Anderson DG, Walker RH, Connor M, Carr J, Margolis RL, Krause A. A Systematic Review of the 
Huntington Disease-Like 2 Phenotype. Huntingtons Dis. 2017;6(1):37-46. 2. Rodrigues GG, Walker RH, Brice A, 
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Cazeneuve C, Russaouen O, Teive HA, Munhoz RP, Becker N, Raskin S, Werneck LC, Junior WM, Tumas V. 
Huntington's disease-like 2 in Brazil-report of 4 patients. Mov Disord. 2008 Nov 15;23(15):2244-7. 

310 
Genetic diagnosis of Chorea-acanthocytosis using whole exome sequencing revealed novel VPS13A Gene 
mutation 
H. Ryu, C. Hong, J. Lee (Daegu, Republic of Korea) 
Objective: We hereby report a patient who is genetically confirmed Chorea-acanthocytosis (ChAc). 
Background: ChAc is a rare autosomal recessive genetic disorder caused by mutation of the Vacuolar protein 
sorting 13A (VPS13A) gene. Neurological symptoms include mixed movements (chorea, dystonia, tics, and), 
peripheral neuropathy, myopathy, seizures, and psychiatric problems. 
Methods: A 47-year old man presented worsening involuntary movements, including generalized chorea and 
dystonia. He had no recognized family history of neurological illness. A peripheral blood smear showed increased. 
Serum creatine kinase was 1382 U/L. Results of nerve conduction study and showed mainly peripheral neuropathy 
combined with. Brain magnetic resonance imaging showed atrophy of bilateral putamen and caudate nucleus. 
18FFP-CIT showed mildly decreased presynaptic dopamine transporter binding in both caudate, and [18FFDG-PET 
demonstrated marked in both caudate and putamen. 
Results: Whole exome sequencing was performed and finally revealed novel pathogenic mutations of the VPS13A 
gene (c.4411C>T;p.Arg1417Ter and c.7736_7739del;p.Arg2579AsnfsTer26). 
Conclusions: VPS13A is associated with autosomal recessive chorea-acanthocytosis, a diagnosis consistent with the 
phenotype observed in this case. Clinical characteristics and laboratory findings provide diagnostic clues and genetic 
testing provides a definitive diagnosis. 
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Gut problems in Huntington’s disease? Evidence for a leaky gut in the R6/2 mouse model of HD 
T.L. Stan, N. Franke, M. Sjögren, M. Björkqvist (Lund, Sweden) 
Objective: This project aims to investigate how leaky the gut is in HD, why the gut is leaky, and how this relates to 
HD symptoms. The study will increase our knowledge regarding the importance of epithelial TJs in the intestinal 
tract and their impact in the HD gut leakiness. 
Background: Huntington´s disease (HD) is a progressive, multifaceted disease affecting not only the brain, but the 
whole body. Patients suffering from HD have difficulties to keep their equilibrium, show involuntary movements 
(chorea), difficulties to walk and to communicate. In addition, HD is associated with weight loss and gastrointestinal 
(GI) problems have been reported. 
Under healthy conditions, the gut works as a barrier preventing bacteria to move out from the intestinal lumen. 
Although the mucus layer is not impenetrable, a second and crucial layer of protection is made by a particular type 
of proteins, called tight junctions (TJs). Alteration of TJ expression in Parkinson’s disease patients has been shown 
to be linked with increased intestinal permeability, also known as leaky gut. 
Methods: Tissue sampling collection, histology analysis and immunostainings, FITC-dextran and BrdU assays. 
Results: Our preliminary data indicate that decreased body weight and body length in R6/2 mice is accompanied by 
a significant decrease in colon length and disrupted colon epithelia. Further, protein levels of the tight junction 
protein occludin, is lower in R6/2 mice as compared to wild type littermates. 
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Conclusions: Our results indicate a leaky gut in R6/2 mice and further studies investigating the clinical relevance of 
these findings are warranted. 

312 
An adult type Niemann-Pick disease type C family: Huntington's disease-like expression 
I. Toyoshima, F. Takeda, C. Wada (Yurihonjo, Japan) 
Objective: We present a family with Niemann-Pick disease type C (NPC) expressing Huntington's disease-like 
involuntary movements. The process for the diagnosis may be a good candidate as conducting guide for the 
treatment. 
Background: NPC is an autosomal recessive neurodegeneration and is known to have different phenotypes 
according the period of symptom onset. The patients with adult onset are reported to show mainly psychiatric 
symptoms and dystonia, apart from the patient with infantile onset with hepatosplenomegaly, and developmental 
delay. Numerous similar diseases make it difficult to diagnosis with step by step investigation with specific genetic 
tests. 
Methods: Patients: The proband is 58 years old. He started psychiatric symptom at 20 and lost words at 35. He 
showed choreic movement from head to foot from 50 years old. At 57 he got dystonic posture and bed ridden. IMP-
SPECT for cerebral blood flow showed selective and profound reduction in frontal lobe without motor area, 
indicating frontotemporal dementia. His elderly brother had the similar course of the disease and died at 56. Parents 
of the brothers are unrelated Japanese. White blood cell DNA was extracted from both patients and the parents and 
applied to the next generation sequencer. 
Results: Mutations of NPC1 are c.3557G>A (exon 23), p.Arg1186His, and c.1270C>T (exon 8), p.Pro424Ser as 
compound heterozygote, each from mother and father of the proband. DNAH7 also mutated causing amino acid 
change. Filipin test showed classical type staining of NPC and confirmed the diagnosis. 
Conclusions: Huntington’s disease-like symptoms, psychiatric symptom and choreic movements followed by 
dystonia may be a typical phenotype leading NPC and early diagnosis is needed for the effective treatment. 

314 
Chorea-acanthocytosis: Challenges in early diagnosis and excellent treatment response to Deep Brain 
Stimulation (DBS) – a case report 
J. Walch, F. Brugger, D. Brogle, R. Bauer, S. Haegele-Link, G. Kägi (St. Gallen, Switzerland) 
Objective: To describe diagnostic challenges and the response to DBS in a patient with genetically confirmed 
Chorea-acanthocytosis (ChAc). 
Background: At the age of 20 during his military service, our patient developed involuntary oral movements which 
produced smacking sounds. They were suppressible for short duration. The diagnosis of a primary tic disorder was 
made and treatment with aripiprazole was started without effect. After 6 months he started to have problems with 
eating. When we first saw him at that time he had oromandibular dystonia (feeding dystonia) and generalized 
chorea. Ankle reflexes were absent. In the diagnostic work-up CK levels were elevated, brain MRI showed iron 
deposition in the Globus pallidus and atrophy in the caudate nucleus and abdominal sonography showed 
hepatomegaly. Cognitive testing was unremarkable and there was no evidence for Wilson`s disease, 
mitochondriopathy, celiac disease or Nieman Pick Typ C. Remarkable is the fact that acanthocytes were not 
detected in 8x repetitive performed blood smears. Finally, the diagnosis of ChAc could be done by proofing reduced 
chorein in the Western-blot and also by finding a homocygous mutation in the VPS13a gene. The clinical course 
was rapidly progressive. In particular the feeding dystonia was so prominent that a PEG tube had to be applied 2.5 
years after the first symptoms. Medical treatment including anticholinergics, benzodiazepines and tetrabenazine and 
also botulinum toxin injections were not successful. Hence, bilateral DBS in the Globus pallidus internus (Gpi) was 
performed 3 years after the first symptoms using Boston Scientific® system. The AIMS (Abnormal Involuntary 
Movement Scale) was reduced from 30 out of 40 points preoperative to 18 points two months later. Especially the 
feeding dystonia improved markedly so that the PEG tube was removed 5 months after the DBS surgery. But also 
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generalized chorea was notably reduced. This positive effect was persistent over 2 years with an AIMS of 22 using 
the stimulation parameters as follows: Gpi left+right: monopolar, non-directional, second-distal contact, 4.0 mA, 90 
µs, 130 Hz. 
Methods: . 
Results: . 
Conclusions: -Lack of acanthocytes in repetitive blood smears do not exclude the diagnosis of ChAc 
-Patients with ChAc and drug-resistant hyperkinetic symptoms benefit from DBS in the Gpi 
-Improvement of feeding dystonia had an important impact on quality of life 
References: Miquel M, Spampinato U, Latxague C, Aviles-Olmos I, Bader B, et al. (2013) Short and Long Term 
Outcome of Bilateral Pallidal Stimulation in Chorea-Acanthocytosis. PLoS ONE 8(11): e79241. 
doi:10.1371/journal.pone.0079241 

315 
An updated flow chart for the evaluation of chorea 
R. Walker (Bronx, NY, USA) 
Objective: The aim of this poster is to provide a tool to facilitate diagnosis of chorea. This flow chart has been 
presented at previous MDS meetings and continues to be a popular and evolving resource for movement disorders 
clinicians. 
Background: Chorea is a common movement disorder, the etiology of which is rarely identifiable from its 
appearance. The identification of genetic causes for some of the inherited choreas has facilitated diagnosis, in 
addition to increasing the spectrum of phenotypes for other disorders in which chorea may occur less often. Despite 
advances in molecular diagnosis, the diagnosis can be challenging. A number of clues in the family and medical 
history, clinical examination, and laboratory findings may inform the diagnosis. Whilst we often consider these 
simultaneously when evaluating the patient with chorea, there is a need for an algorithm to generate consideration of 
some of the rarer etiologies. 
Methods: We present an updated version of the flow chart, initially developed eleven years ago, to facilitate the 
diagnosis of chorea, based upon the current literature. We present the various factors which facilitate making the 
correct diagnosis and the appropriate testing to consider depending upon previous test results. These include 
inheritance patterns, additional neurological and non-neurological clinical features, neuroimaging results, routine 
and specialized laboratory testing. 
Results: The resulting flow chart is presented as a poster, and conference attendees are encouraged to comment 
upon and amend it in the light of additional information from their own experience. 
Conclusions: The list of differential diagnoses of chorea is ever-evolving with advances in the molecular biology of 
movement disorders. Here we present an updated algorithm which is open to further development in the light of new 
knowledge. This flow chart does not necessarily indicate the temporal course of the diagnostic work-up of chorea, 
but should be used a guideline to generate the consideration of various clinical entities in light of the available 
information. 

Myoclonus 

316 
Acute hypertensive crisis with myoclonic movements induced by withdrawal of intrathecal combined 
clonidine and morphine administration 
L. Cassini Ascencao, A. Saryyeva, J. Krauss (Hannover, Germany) 
Objective: Clonidine is a centrally acting alpha(2)-agonist antihypertensive drug used for opioid/alcohol withdrawal 
and for intrathecal administration in the treatment of chronic neuropathic pain. Cases 
of clonidine withdrawal causing life-threatening hypertensive crisis and stress-induced cardiomyopathy after pump 
removal or due to pump malfunction are extremely rare. 
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Background: A 58-year-old woman with chronic neuropathic pain was treated for a 10 year period with intrathecal 
morphine and clonidine in combination (daily dose of 53,624 mg and 22,343 µg). 
Methods: At the end of battery life, the patient was scheduled for pump replacement (Medtronic Synchromed 2). 
Results: After replacement, the pump was reprogrammed 2 hours after surgery with the same dosis rates and 
concentrations of medication as before. The patient then complained about back pain, twitching of back muscles and 
nausea. Piritramid (7,5mg) and Zopiclon (7,5mg) were administrated. Shortly thereafter blood pressure increased to 
249/118 mmHg, pulse frequency to 140 bpm, O2 saturation decreased to 74% and temperature rose to 37,7 °C. The 
patient became obtunded and presented myoclonic movements of the whole body. She was intubated and ventilated 
and was admitted to the ICU. Serum CK, CK-MB, Troponine-T and Myoglobine were markedly elevated. She was 
extubated on the following day and had retrograde amnesia for the past few days. The neurological status was 
normal and the myoclonus had completely subsided. The pump showed no signs of malfunction. 
Conclusions: Withdrawal of continuous clonidine and morphine may manifest within a very short period after 
cessation of drug administration. It may result in the subacute onset of a life-threatening situation characterized by 
obtundation and generalized myoclonus. Early intervention can reverse this unusual withdrawal syndrome and may 
lead to rapid recovery. 

317 
The distinct pattern of movement disorders in Caspr2 and LGI1 antibody associated autoimmune 
encephalitis 
F. Gövert, J. Becktepe, B. Balint, J. Varley, S. Irani, M. Titulaer, J. de Vries, B. Joubert, J. Honnorat, H. Ariño 
Rodríguez, J. Dalmau, G. Deuschl, F. Leypoldt (Kiel, Germany) 
Objective:  
The aim of this study was (1) to investigate the prevalence of movement disorders in a large cohort of patients with 
encephalitis with LGI1 and CASPR2 antibodies and (2) to compare clinical phenomenology between patients with 
Caspr2 and LGI1 antibodies. 
Background: Movement disorders are a common clinical feature in NMDAR encephalitis. However, their 
frequency and phenomenology in other common antibody-defined autoimmune encephalitis subtypes is less well 
studied. Autoimmune encephalitis with antibodies targeting the neuronal proteins LGI1 or CASPR2 are other 
frequently observed neuronal autoantibodies in patients with autoimmune encephalitis. 
Methods: Retrospective analysis of 280 patients from 5 different referral centers with encephalitis and antibodies 
against LGI1 or CASPR2 in serum and/or CSF was performed with a focus on the clinical presence of movement 
disorders. 
Results: FBDS were observed in 25.5% of patients with LGI1 antibodies while other movement disorders (chorea 
1.9%, myoclonus 1.9%, tremor 0.9%) were rare or absent (ataxia, tics, dystonia and parkinsonism). In contrast 
patients with Caspr2 antibodies presented significantly more frequent with ataxia (23%, p=<0.0001), myoclonus 
(12.6%, p=0.001) and tremor (10.3%, p=0.001) while chorea (1.7%) and parkinsonism (1.7%) were rare. 
Prominent myoclonus was found in 22 patients with Caspr2 antibodies. In 2 patients myoclonus was the only 
clinical finding in the context of Caspr2 autoimmunity while in the remaining patients myoclonus presented in 
combination with well-known anti–Caspr2 antibody-related syndromes. However, myoclonus was the presenting 
symptom in 40.9% (n=9) patients. Topographically, myoclonus was generalized in 36.4% (n=8), multifocal in 
40.9% (n=9 [6 lower limbs, 3 upper limbs]) and segmental in 9% (n=2) of patients. In the majority of patients 
(59.1%, n=13) myoclonus was aggravated or exclusively triggered by orthostatism (76.9%, n=10) and/or walking 
(38.5%, n=5). In 27.3% (n=6) myoclonus presented as a pure paroxysmal kinesiogenic movement disorder. 
Immunotherapy lead to complete allevation or major improvement of myoclonus in 81.8% (n=18). 
Conclusions: Movement disorders are a common feature in patients with autoimmune encephalitis with LGI1 and 
CASPR2 antibodies. Interestingly, the pattern of movement disorders differed between patient groups, which could 
help to guide diagnosis. 
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318 
A retrospective analysis of clinical and electrophysiological characteristics of patients with myoclonus 
A. Gunduz, M. E. Kızıltan, H. Ser, N. Yeni, C. Ozkara, V. Demirbilek, C. Yalçınkaya, G. Kızıltan (Istanbul, Turkey) 
Objective: We aimed to evaluate the clinical characteristics of patients with myoclonus and to identify the possible 
etiologies in different types of myoclonus based on electrophysiological findings. 
Background: In a case with myoclonus, the diagnosis is challenging because differential diagnosis list is long. 
Myoclonus is classified according to the origin, time course, triggering factors or other clinical features. One 
classification scheme involves clinical features and groups myoclonus into essential, physiologic and epileptic 
subtypes. However, the terms, essential and epileptic, are confusing. In our opinion, considering to find the definite 
diagnosis, the most useful classification is the one which groups myoclonus according to the site of origin, i.e 
cortical, subcortical (basal ganglia or brain stem), spinal cord and peripheral nerves. 
Methods: We performed a retrospective analysis of all electrophysiological recordings between 2005 and 2018, in 
which myoclonus was confirmed. We analyzed clinical data including age at examination, gender, age at onset, and 
main neurological or systemic findings, underlying etiology and electrophysiological features including 
polymyogram analysis, long-loop reflexes, electroencephalography and somatosensory evoked potentials. 
Results: We identified 146 patients. The most commonly encountered etiologies in this group were genetic (n=62) 
and genetic-metabolic disorders (n=5) followed by immune disorders (n=14), infectious diseases (n=11) and 
medication-related myoclonus (n=16). There were patients with cortical (n=42), cortico-subcortical (n=87), 
subcortical-brainstem (n=19) and spinal (n=6) types of myoclonus. Age at onset alone did not provide a correct 
diagnosis. Determination of electrophysiogical type of myoclonus provided correct diagnosis in 11 (7.5%) patients 
whereas the correct diagnosis was identified by major clinical finding in 45 (30.8%) patients (p=0.000). 
Conclusions: Electrophysiological subtype of myoclonus and accompanying systemic and neurological findings 
help in differential diagnosis and to determine underlying etiology in patients with myoclonus. Age at onset may 
narrow the list. In any case with myoclonus, electrophysiology with major clinical findings provides an easy way of 
classification and an important contribution to identify underlying etiology. 
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320 
The role of the cerebellum in the pathophysiology of cortical myoclonus: a neurophysiological study. 
A. Latorre, L. Rocchi, G. Paparella, N. Manzo, A. Berardelli, J. Rothwell, K. Bhatia (London, United Kingdom) 
Objective: To investigate the role of the cerebellum in the pathophysiology of cortical myoclonus (CM). 
Background: The putative involvement of the cerebellum in the pathogenesis of CM syndromes has been long 
hypothesized, as pathological changes in patients with CM have commonly been found in the cerebellum rather than 
in the suspected culprit, the sensorimotor cortex (1). The hypothesis is that the increased cortical excitability seen in 
CM is due to loss of the cerebellar inhibitory control via cerebello-thalamo-cortical connections. Here, we explore 
this hypothesis by modulating cerebellar excitability by means of transcranial Direct Current Stimulation (tDCS), 
and assessing its effect on sensorimotor cortex excitability in patients with CM. 
Methods: We recruited 7 patients (1 male, age 47.2 ± 19.8) with CM, wither idiopathic or secondary to different 
conditions. All of them underwent the following neurophysiological tests: short intracortical inhibition (SICI), 
somatosensory evoked potentials (SEP) and long-latency reflexes (LLR), tested before and after anodal cerebellar 
tDCS  applied on the cerebellar hemisphere ipsilateral to the most affected side. The assessment also included eye-
blink classical conditioning (EBCC) and the Unified Myoclonus Rating Scale (UMRS).  Data were compared with 
those obtained in 5 healthy controls (HC). 
Results: UMRS scale score was 93.7±33.4. Patients had a smaller number of CR (conditioned responses) in blocks 
I-VI of EBCC compared to HC. The amplitude of N20-P25 and P25-N33 components of SEP was increased in 

This article is protected by copyright. All rights reserved.



patients after tDCS, but not in HC. A similar trend was observed in LLR, with a significant increase in amplitude 
before and after tDCS in patients. Baselince SICI was reduced in patients compared to HC. Whereas tDCS caused a 
further SICI reduction in patients, it did not change SICI in HC. 
Conclusions: According to our data, anodal cerebellar tDCS increases sensorimotor cortex excitability in CM. This 
is in contrast with previous work showing a decrease in LLR following cerebellar anodal TDCS (2). Overall, the 
present results suggest a role of the cerebellum in the pathophysiology of CM, and that CM patients might have 
abnormal homeostatic plasticity within the sensorimotor cortex, possibly responsible for this paradoxical response. 
References: 1. The role of the cerebellum in the pathogenesis of cortical myoclonus. Ganos C, Kassavetis P, Erro R, 
Edwards MJ, Rothwell J, Bhatia KP. Mov Disord. 2014 Apr;29(4):437-43. doi: 10.1002/mds.25867. 2. Anodal 
transcranial direct current stimulation (tDCS) decreases the amplitudes of long-latency stretch reflexes in cerebellar 
ataxia. Grimaldi G1, Manto M. Ann Biomed Eng. 2013 Nov;41(11):2437-47. doi: 10.1007/s10439-013-0846-y. 

321 
The comparison of the clinical characteristics and treatment outcomes between non-troublesome and 
troublesome hemifacial spasm in 270 Thai patients 
T. Sangpeamsook, Y. Pitakpatapee, A. Suengtaworn, J. Srikajon, P. Srivanitchapoom (Bangkok, Thailand) 
Objective: To compare the clinical characteristics and treatment outcomes after injecting Botulinum neurotoxin 
type A (BoNT-A) between non-troublesome and troublesome hemifacial spasm (HFS) in Thais. 
Background: HFS can cause facial disfiguration and, sometimes, impairs vision. There has been rarely reported 
regarding the comparison of the clinical characteristics and treatment outcomes between non-troublesome and 
troublesome HFS. 
Methods: A prospective single-center cohort study was performed in HFS patients registered to BoNT clinic at 
Siriraj Hospital, Thailand from August 2017 to January 2019. Demographic data, HFS symptoms, the Babinski-2 
(BBK-2) sign, relieving and aggravating factors, and disease severity using SMC grading scale were collected. 
Treatment outcomes were evaluated including self-reported improvement during peak onset using a visual analogue 
scale, time-to-onset of action, time-to-peak effect, duration of improvement, and the quality of life using a 6-point 
disability rating scale and adverse events. All patients were divided into 2 groups (non-troublesome (SMC grade I, 
II) and troublesome (SMC grade III, IV) group). Chi-square, T-test, and binary logistic regression were used to 
calculate the difference between the 2 groups. Multivariate analysis was built by including all potentially important 
variables (p<0.2) from univariate analysis. 
Results: A total of consecutive 270 HFS were included. The prevalence of troublesome group was 61.85% (n=167). 
The multivariate analysis showed that a longer disease duration, a history of facial trauma, an absence of history of 
Bell’s palsy, the right-sided symptoms, a presentation of the BBK-2 sign, ipsilateral facial pain, baseline 6-point 
disability scale greater than 4, and a history of sleep deprivation were significantly associated with troublesome 
HFS. The treatment outcomes and adverse events did not show a significant difference between 2 groups except the 
BoNT-A doses were higher in troublesome HFS group [table 1]. 
Conclusions: According to the results of our study, we imply that the physicians should carefully look for these 
factors when treating HFS patients. They may guide the physicians to detect troublesome HFS patients. Correcting 
controllable factor and using the appropriate doses of BoNT-A can provide a satisfactory outcome. 
References: [1] Batla A, Goyal C, Shukla G, Goyal V, Srivastava A, Behari M. Hemifacial spasm: clinical 
characteristics of 321 Indian patients. J Neurol. 2012;259(8):1561-5. [2] Lee JA, Jo KW, Kong DS, Park K. Using 
the new clinical grading scale for quantification of the severity of hemifacial spasm: correlations with a quality of 
life scale. Stereotact Funct Neurosurg. 2012;90(1):16-9. [3] Wang A, Jankovic J. Hemifacial spasm: clinical findings 
and treatment. Muscle Nerve 1998;21:1740–7. 
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322 
Isolated unilateral tensor veli palatini myoclonus causing objective tinnitus without palatal elevation 
C. Selvadurai, S. Schaefer (New Haven, CT, USA) 
Objective: To describe a case of unilateral ear clicking caused by isolated tensor veli palatini myoclonus without 
palatal elevation. 
Background: Palatal myoclonus may be secondary to brainstem lesions in the Guillain-Mollaret triangle, or termed 
“essential myoclonus” without an identifiable structural abnormality. Patients may present with subjective or 
objective unilateral clicking sounds, and usually have palatal elevation on exam. Treatments include oral 
medication, surgery, or botulinum toxin injections [1]. 
Methods: A 55-year-old man who was previously healthy presented to Neurology Clinic with ear clicking and pain. 
After attending a rock concert, he developed right-sided tinnitus, ear fullness, followed by left ear clicking, pain, and 
hyperacusis. The symptoms interrupted sleep and mood. He was seen by dentists, otolaryngologists, and 
psychiatrists, and was treated for ear infection with antibiotics, temporomandibular joint pain with dental guard for 
and anxiety with clonazepam 0.25mg four times daily, all without relief. Two neurologists considered a diagnosis of 
palatal myoclonus, however did not visualize palatal movement on exam. 
Results: Exam was notable for arrhythmic left lateral soft palatal contraction in the region of the tensor veli palatini 
that did not raise the palate or uvula. This contraction correlated with an audible click by auscultation with 
stethoscope over the left ear. Otherwise, neurologic exam was normal. MRI Brain and CT Angiogram of the head 
were normal. He received 2.5 units of Onabotulinum toxin injection into the affected muscle with mild 
improvement. 
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Conclusions: Palatal myoclonus generally consists of a visible elevation of the palate and uvula, and may include 
myoclonus of other oropharyngeal muscles. This is a unique case of a patient with focal, unilateral myoclonus only 
visualized on close inspection with concurrent auscultation. Middle ear myoclonus due to tensor tympani or 
stapedius contraction has been reported that cannot be visualized on oral examination [2], however focal palatal 
myoclonus in itself has rarely been reported [1]. Practitioners should perform careful oral examinations with 
auscultation to detect focal myoclonic contractions in a patient with ear clicking without notable palatal elevation. 
References: [1] Sinclair CF, Gurey LE, Blitzer A. Palatal myoclonus: algorithm for management with botulinum 
toxin based on clinical disease characteristics. Laryngoscope. 2014;124(5):1164-9. [2] Keidar E, Kwartowitz G. 
Tensor Tympani Syndrome. StatPearls. 2019. 

323 
Generalised Polymyoclonus In a Patient With Central Nervous System Tuberculosis 
K. Shahedah, M.S. Mohamad Salmi (Pahang, Malaysia) 
Objective: Myoclonus associated with tuberculosis or following an infectious event is a transient event with an 
abrupt onset. It is a rare phenomenon and often not recognized. In these reports, its clinical features and its 
favourable outcome are described. 
Background: A 34-year-old lady without medical illness presented with headache for one month, whole body 
tremulousness for ten days followed by lower limb weakness for two days duration. She has no infectious and 
constitutional symptoms. Her drugs and family history were unremarkable. 
Methods: A case report. 
Results: Examination revealed normal mental status and presence of diffuse polymyoclonus predominantly 
affecting the upper limbs and face with loss of limbs dexterity. There were left six nerve palsy in addition to flaccid 
paralysis with areflexia.  Investigations have shown normal blood counts, with high erythrocyte sedimentation rate 
(108 mm/hr) and normal CT brain findings. Therefore, lumbar puncture was performed which demonstrated high 
opening pressure (33cmH20), high protein content (1.8 mg/L) and low glucose ratio (0.38) with lymphocyte 
predominant. Surface electromyography confirmed repetitive and non-rhythmic discharges of less than 50 
milliseconds typical of myoclonus. Further investigations including autoimmune, paraneoplastic screening, CT 
thorax,abdomen and pelvis as well as  PET scan were non-significant. MRI of the brain showed unspecific 
leptomeningeal enhancement of right frontal, periventricular, perivascular space and prepontine cisterns consistent 
with meningoencephalitis. MRI T2 and STIR sequence showed diffuse patchy hyperintensity within the whole 
spinal cord suggestive of tranverse myelitis. In view of the above findings and positive TB PCR taken from cerebral 
spinal fluid, she was prescribed anti tubercular drugs and has shown clinical and radiology improvement with 
disappearance of tremulousness after two months of treatment. 
Conclusions: This case highlights generalised polymyoclonus as a benign phenomenon that could occur following 
tuberculosis infection. Early recognition may avoid treatment delay and unnecessary investigations. 
References: Alarcón, F., Dueñas, G., Cevallos, N., & Lees, A. J. (2000). Movement disorders in 30 patients with 
tuberculous meningitis. Movement disorders: official journal of the Movement Disorder Society, 15(3), 561-569. 

324 
Dancing larynx syndrome associated with trigeminal neuralgia secondary to multiple sclerosis 
D. Shpiner, M. Ortega, H. Moore (Miami, FL, USA) 
Objective: To describe a rare a case of a patient who developed “dancing larynx”-like syndrome after gamma knife 
radiation for trigeminal neuralgia (TN) associated with a demyelinating pontine lesion. 
Background: Multiple sclerosis (MS) has been associated with a variety of movement disorders, including focal 
myoclonus. We report a case of focal myoclonus giving the appearance of a “dancing larynx” associated with TN 
secondary to a demyelinating pontine lesion that worsened after gamma knife radiation. 
Methods: A 44 year-old right-handed male with history of MS presented to the clinic for evaluation of abnormal 
neck movements. His first MS symptom was left-sided TN, which failed medical treatment and required gamma 
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knife radiation to the nerve root. Following the procedure, he developed anterior neck spasms that impaired talking 
and eating. He denied throat spasms or ear clicking. Exam was significant for irregular, clonic movements of the left 
submental region and arrhythmic movements of the larynx up-and-down, cerebellar dysarthria, right hemiparesis, 
and ataxia. Palatal elevation was normal without tremor. EMG of the bilateral mylohyoid muscles excluded 
myokymia. MRI brain showed T2 hyperintensities in the left cerebellopontine angle, left inferior midbrain/lateral 
pons, and extensive T2 lesion burden in the periventricular white matter. The left cerebellopontine angle lesion 
showed expansion following radiation, and appeared atypical for an MS lesion. The patient received injections of 
botulinum toxin to the mylohyoid muscles, with resolution of the movements. 
Results: MS has been associated with many movement disorders, including palatal myoclonus, classically thought 
to be secondary to lesions in the dentato-rubro-olivary pathway [1,2]. One case was documented to be secondary to 
a pontine lesion [3]. Similar movements of the larynx, termed “dancing larynx,” have been described following viral 
illness in absence of MRI findings [4]. Our patient presented with TN and focal myoclonus of the mylohyoid and 
anterior belly of the digastric (both innervated by the trigeminal nerve), giving the appearance of a “dancing 
larynx”-like syndrome. We hypothesize that symptoms worsened after gamma knife radiation, secondary to 
irritation of the nerve root or pons itself. 
Conclusions: MS can present with a variety of movement disorders, including focal myoclonus. Symptoms may 
respond well to botulinum toxin injections. 
References: [1] Tranchant C, Bhatia KP, Marsden CD. Movement disorders in multiple sclerosis. Mov Disord. 
1995;10;4:418-423 [2] Mehanna R and Jankovic J. Movement disorders in multiple sclerosis and other 
demyelinating diseases. J Neruol Sci. 2013;328 (1-2): 1-8. [3] Revol A, Vighetto A, Confavreux C, Trillet M, 
Aimard G. Oculo-paalatal myoclonus and multiple sclerosis. Rev Neurol (Paris). 1990;146(8-9):518-521. [4] Schrag 
A, Bhatia KP, Quinn NP, Marsden CD. The dancing larynx- a variant of palatal tremor? Mov Disord. 1999;14;5: 
882-883 

325 
The short-term effect of combined facial exercise with botulinum toxin A injection in clinical practice in Thai 
patients with hemifacial spasm: A randomized controlled pilot crossover study 
P. Soontrapa, Y. Pitakpatapee, A. Suengtaworn, J. Srikajon, T. Sangpeamsook, P. Srivanitchapoom (Bangkok, 
Thailand) 
Objective: To compare the efficacy of combined facial exercise with BTX-A injection with BTX-A injection alone 
measured by the total HFS-30 (tHFS-30) score. 
Background: Hemifacial spasm (HFS) is troublesome peripheral myoclonus involving half of the face[1,2]. 
Botulinum toxin A (BTX-A) is a treatment of choice. The previous preclinical study showed the promising of 
voluntary muscle exercise may increase the efficacy of BTX-A[3]. However, in clinical studies, there were few 
studies which showed some positive trend toward the exercise group[4]. Our study is intended to evaluate the 
efficacy of facial exercise on top of the BTX-A injection compared to BTX-A injection alone in HFS patients. 
Methods: An eight-month prospective, randomized controlled crossover study was conducted involved forty HFS 
patients. All patients were randomly allocated to either facial exercise immediately after BTX-A injection or BTX-A 
injection-alone group then did the crossover at the end of forth month. For the facial exercise group, the patients will 
be asked to perform the facial exercise which composed of active facial squeezing and passive facial massaging 
technique using the video-guided program immediately after receiving BTX-A for 7 minutes. We evaluated the 
short-term effect of facial exercise on top of the BTX-A injection at one month after the intervention. The primary 
outcome was the mean change of quality of life (QoL) measured by the tHFS-30 score compared between two 
groups, and the secondary outcomes were the severity of facial muscles spasm using the SMC severity grading 
scale, time-to-onset of action, time-to-peak effect, self-reported global clinical response, and adverse effects. 
Results: Thirty-eight patients completed the study. Mean change of tHFS-30 score significantly improved by 6-
point which was lower in the group of facial exercise (95%CI=1.4-10.6; p-value=0.01). The sub-items of the HFS-
30 score which showed significant improvement were emotional well-being (p-value=0.002), stigma (p-value=0.03), 
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and cognition (p-value=0.04). There was no statistically significant difference in all secondary outcomes and 
adverse effects between the two groups (Table 1). 
Conclusions: Combined facial exercise with BTX-A injection may enhance the short-term efficacy on QoL of HFS 
patients measured by the HFS-30 score. 
References: 1. Wang A, Jankovic J. Hemifacial spasm: clinical findings and treatment. Muscle Nerve 
1998;21:1740–7. 2. Jankovic J. Peripherally induced movement disorders. Neurol Clin 2009;27:821–32. 3. Simpson 
LL. Kinetic studies on the interaction between botulinum toxin type A and the cholinergic neuromuscular junction. J 
Pharmacol Exp Ther. 1980; 212:16-21. 4. O’ Reilly P, Ross J, Norris J, Malhotra R. A Comparison of Facial Muscle 
Squeezing versus Non-facial Muscle Squeezing on the Efficacy of BotulinumToxin-A Injections for the Treatment 
of Facial Dystonia. Orbit. 2012;31(6):400-3. 
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326 
Progressive Myoclonus Ataxia: An International Database 
S. vd Veen, T. de Koning, D. Sival, M. Tijssen (Groningen, Netherlands) 
Objective: Our aim is to create an international database for patients suffering from the rare syndrome of 
progressive myoclonus ataxia (PMA), containing their clinical, electrophysiological and genetic features. 
Background: Recently, a refined definition for the PMA syndrome was proposed, which enabled the authors to 
create a rather homogenous group of patients.1 Most PMA patients present with ataxia around the age of two years, 
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subsequently develop cortical myoclonus at the age of four years and at the age of six years develop infrequent 
epilepsy. The genetic causes are numerous (e.g. MYC/ATX-CSTB, MYC/ATX-GORS2, MYC/ATX-NEU1) and 
we recently added three not earlier reported causative PMA genes(1). To validate the new refined definition and 
expand the differential diagnosis, collaboration of international centers is necessary to establish a PMA cohort for 
future research. 
Methods: The inclusion criteria are the presence of 1) both myoclonus and ataxia, and 2) none or infrequent 
epilepsy. Infrequent epilepsy is defined as either treatment-responsive, daily seizures for a week or weekly for a 
month. We will collect features of myoclonus, ataxia and epilepsy (e.g. age of onset, distribution, UMRS / SARA-
score, type of seizure, response to therapy), family history, progression of disease, additional pathologic and 
electrophysiological parameters (EMG, EEG), differentiating neuroradiologic or laboraty biomarkers, and genetic 
features. Furthermore, if possible, video recordings of the neurological features and epileptic seizures will be 
collected. PMA patients can be included after informed consent is given. This study is approved by the Medical 
Ethical Committee of Groningen. 
Results: Our preliminary results will be presented during the poster presentation in Nice at the MDS Congress 2019. 
Conclusions: With this data we will be able to validate the recently refined definition for the PMA syndrome and 
describe the clinical, electrophysiological and genetic features. Furthermore, this unique database will form the base 
for future research regarding the identification of new pathogenic genetic defects and effective therapies in PMA 
patients. 
References: 1. Van der Veen S, Zutt R, Becker CE, Elting JWJ, De Koning TJ and Tijssen MAJ. Progressive 
Myoclonus Ataxia Time for a New Definition? Mov. Disord. 2018; 33: 1281–1286. 

327 
Rare causes of Opsoclonus Myoclonus Ataxia Syndrome 
A. Venkitachalam, N. Chaudhary (Mumbai, India) 
Objective: To evaluate for rare causes of Opsoclonus Myoclonus Ataxia Syndrome. 
Background: Opsoclonus Myoclonus is a rare acute onset neurological disorder characterized by associated ocular, 
motor and behavioral symptoms. It is more common is children.. In adults it is  generally associated with a 
paraneoplastic etiology. 
Methods: We present two rare causes of Opsoclonus Myoclonus Ataxia Syndrome with their clinical presentation 
and evaluation in the form of two case reports. 
Results: Case 1: A 63-year-old lady presented with history of fever following which she developed dysarthria with 
gait disturbance and jerky movements of her limbs. There was a progressive deterioration in her gait and cognition. 
Associated drowsiness was present. Opsoclonus with myoclonic jerks and limb ataxia was present. She was 
extensively evaluated for the cause of her symptoms. Autoimmune, paraneoplastic workup was negative. Whole 
body PET and MRI brain was normal. Serum and CSF IgM antibody testing for Dengue virus was positive. She was 
diagnosed to have Dengue encephalitis and started on intravenous immunoglobulins 400mg/kg/day for 5 days. She 
recovered completely in 3 weeks. She has been followed up for 18 months since discharge and is neurologically 
normal.Case 2: A 26 years old lady presented with jerky movements of trunk and limbs with oscillopsia. On 
examination opsoclonus, myoclonus and ataxia was present. MRI brain and CSF study was normal. NMDA 
antibody test was positive. In view of rapid deterioration in neurological status, she was started on intravenous 
immunoglobulins. Whole body PET scan revealed right ovarian teratoma. Laparoscopic excision of teratoma was 
done. She was kept on oral steroids and after 3 months she developed recurrence of symptoms on tapering steroids. 
Repeat PET scan did not reveal any recurrence of teratoma or any new lesions. She was started on injection 
Rituximab following which she had complete resolution of symptoms. She has been on follow up for the past one 
year and is neurologically normal. 
Conclusions: We report two rare causes of Opsoclonus Myoclonus syndrome. Both Dengue encephalitis and 
NMDAR encephalitis presenting as Opsoclonus Myoclonus are extremely rare. Both patients responded well to 
immunomodulation and had complete resolution of neurological symptoms. 
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328 
Imaging Parkinson’s disease pathology: A comparison between neuromelanin-sensitive MRI, susceptibility 
weighted imaging and [11C]PE2I DAT PET 
A. Chandra, G. Pagano, T. Yousaf, H. Wilson, M. Politis (London, United Kingdom) 
Objective: We compared 2 novel MRI techniques: neuromelanin-sensitive MRI (NM-MRI) and susceptibility 
weighted imaging (SWI) with [11C]PE2I PET in order to establish their validity as biomarkers for Parkinson’s 
disease (PD) pathology. 
Background: Whilst, dopamine transporter (DAT) expression measured by either PET or SPECT imaging is the 
gold standard to aid the clinical diagnosis of Parkinson’s disease (PD), there are several recent MRI biomarkers that 
have shown promise in quantifying PD-related pathology including those that measure neuromelanin (NM) and iron 
deposition. 
Methods: 50 early PD patients (25 untreated and 25 treated with levodopa), and 25 healthy controls underwent 
[11C]PE2I PET scans assessing DAT expression and 3-Tesla MRI scans quantifying neuromelanin (NM) loss using 
NM-sensitive, and iron depositions using susceptibility weighted imaging (SWI). 
Results: Compared to healthy controls, PD patients showed a loss of NM in the substantia nigra (SN), increased 
SWI and loss of [11C]PE2I non-displaceable binding potential (BPND) in the SN, caudate and putamen (p<0.0001). 
Loss of [11C]PE2I BPND was greater in the putamen (p<0.0001), while loss of NM (p<0.005) and increased SWI 
(p<0.0001) was greater in the SN. Longer disease duration correlated with lower NM in the SN (rho=-0.514, 
p<0.0001) and lower [11C]PE2I BPND in the putamen (rho=-0.659, p<0.0001). Higher MDS-UPDRS-III motor 
scores correlated with lower NM in the SN (rho=-0.611; p<0.0001) and with lower [11C]PE2I BPND in the caudate 
(rho=-0.299; p=0.035), putamen (rho=-0.712; p=0.0001), and SN (rho=-0.335; p=0.018). In comparison to healthy 
controls, early de novo and early levodopa-treated showed similar results, which suggests a stability of this markers 
to measure PD pathology at the early stages of the disease and independently of levodopa treatment. 
Conclusions: These findings demonstrate that NM and SWI can be used for the valid quantification of SN 
pathology in PD, in comparison to the well-validated molecular imaging of DAT expression. NM and SWI closely 
correlates with dopaminergic striatal innervation loss, suggesting a potential role as additional readouts in clinical 
trials. 

329 
MRI based Volumetric analysis of the sub-thalamic and red nuclei in Advanced Parkinson’s disease- an 
institutional study 
V. Shah, R. Alugolu, R. Kandadai, A. Arora (Hyderabad, India) 
Objective:  To evaluate volume of Sub thalamic and Red nuclei on 3T MRI and its 3D reconstruction and its 
possible correlation with the disease progression in a patient with Parkinson’s disease. 
Background:  The sub thalamic nucleus is themain target for Deep brain stimulation(DBS).  STN also has the 
portion of varied function and is either targeted indirectly or partial indirectly which is mainly dependent on red 
nucleus. However, there is notmuch known about its volume and morphometry. With high-resolution 3 Tesla (3 T) 
MRI may provide detailed information about microstructural changeswhich was limited with conventional MRI 
techniques previously. Increasingly, 3 T voxel-based volumetric techniques that can detect subtle structural changes 
are being used in diagnosing PD and estimating disease severity. 
Methods: 11 patients with PD were enrolled. All patients, who are undergoing DBS surgeries, clinical data in the 
form of symptomatology, UPDRS, MOCA, MRI Brain were collected. The volumes of the SIN, RN and whole 
Brain were measured using 3-dimensional volume reconstructions of magnetic resonance images. 
Results: The mean age of the patients was 52.18(42-60) years. The mean duration of symptoms was 8.27(4-19) 
years. There was no significant difference between right and left STN and red Nucleus volumes. The mean volume 
of sub thalamic nucleus was 195.59 (53-342) mm3 and red nucleus is 150.36 (96-196) mm3 and whole brain was 
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1428431(1281224- 1702240)mm3. STN volume is negatively correlated with Patient’s age (Pearson’s correlation 
coefficient is -0.56). STN volume is negatively correlated with Duration of disease (Pearson’s correlation coefficient 
is -0.78). 
Conclusions: There is no significant difference between the right and left STN and RN volume. STN volume 
correlates negatively with disease duration. 

330 
Clinico-pathological Findings In Autopsy Cases With Non-Specific Glial Tauopathy 
E. Zamrini, C. Adler, G.E. Serrano, N. Zhang, D.R. Shprecher, S.H. Mehta, M.N. Sabbagh, E. Driver-Dunckley, 
H.A. Shill, L.I. Sue, T.G. Beach (Sun City, AZ, USA) 
Objective: Determine Clinico-pathological correlates of aging-related tau astrogliopathy (ARTAG). 
Background: Aging-related tau astrogliopathy (ARTAG) appears to be a morphological spectrum of astroglial 
pathology mostly seen in elderly individuals with or without neurodegenerative disease. Little is known about its 
potential contribution to or association with clinical entities. It is distinguished from primary tauopathies by 
morphology and anatomical distribution. We wanted to determine its association with aging and aging-related 
conditions. 
Methods: We performed a database search of the Arizona Study of Aging and Neurodegenerative Disorders 
(AZSAND)/ Banner Sun Health Research Institute Brain and Body Donation Program (BBDP) 
(www.brainandbodydonationprogram.org). Most subjects had serial standardized research cognitive evaluations, 
done by teams of nurses, medical assistants, behavioral neurologists, neuropsychologists and psychometrists using 
standardized research-quality assessment batteries, including the National Alzheimer’s Coordinating Center 
(NACC) Uniform Data Set (UDS). The cases with ARTAG were selected and reviewed for final clinico-pathologic 
diagnosis. 
Results: 181 cases had ARTAG, 117 male and 64 female, with age range 62-106 years at death, mean 88.0 
(SD=7.55), [86.1, (7.17) for males, and 90.9 (6.90) for females respectively]. This is older than the average age at 
death, 83, of our program cases. Distribution of clinico-pathologic diagnoses (not mutually exclusive) was: 25 mild 
cognitive impairment (MCI) , and 22 were cognitively normal controls, 89 argyrophylic grain disease, 81 
Alzheimer's disease, 45 Parkinson's disease (PD) (12 PD dementia, 9 PD/AD, 11 PD/ MCI, 13 PD no cognitive 
impairment), 23 dementia with Lewy Bodies, 34 vascular dementia, 22 progressive supranuclear palsy, 11 
hippocampal sclerosis, 4 frontotemporal degeneration with TDP, 2 corticobasal degeneration, 2 Picks disease. Most 
cases had more than one pathology. 
Conclusions: ARTAG appears to be common to a wide range of neurodegenerative and cerebrovascular 
diseases.  There is possibly a tendency to be associated with argyrophyilic grain disease, “older old” and males 
(65%).  More work needs to be done to confirm these associations and their significance. 
References: Kovacs GG, et al., Aging-related tau astrogliopathy (ARTAG): harmonized evaluation strategy. Acta 
Neuropathol. 2016 Jan;131(1):87-102. doi: 10.1007/s00401-015-1509-x. Epub 2015 Dec 10. Review. PMID: 
26659578 Kovacs GG, et al., Multisite Assessment of Aging-Related Tau Astrogliopathy (ARTAG). J Neuropathol 
Exp Neurol. 2017 Jul 1;76(7):605-619. doi: 10.1093/jnen/nlx041. PMID: 28591867 
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Mu opioid receptor agonism, not antagonism, for the treatment of L-DOPA-induced dyskinesia in 
Parkinson’s disease 
E. Bezard, Q. Li, E. Pioli, A. Crossman (Bordeaux, France) 
Objective: To reappraise the role of the µ opioid receptor as a therapeutic target for L-DOPA-induced dyskinesia. 
Background: Parkinson’s disease (PD) is commonly treated with the dopamine precursor L-DOPA, but its 
prolonged use causes abnormal involuntary movements, or L-DOPA-induced dyskinesia (LID). Studies in animal 
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models of PD have indicated that LID is associated with increased synthesis of certain opioid co-transmitters in the 
basal ganglia, suggesting hyperactive opioid transmission. Attempts have, therefore, been made to alleviate LID 
using opioid receptor antagonists. Reports that both antagonists and agonists of the µ opioid receptor may alleviate 
LID in primate models and also the failure of non-specific antagonists in pilot clinical trials raises concerns about 
the functional significance of the available data on the opioid system in PD and LID. 
Methods: After in vitro characterization of the brain regional functional activity of the µ opioid receptor in the 
MPTP-lesioned primate model of LID, we tested prototypical µ opioid receptor agonists, antagonists and partial 
agonists for efficacy. 
Results: We demonstrated that both oral and discrete intracerebral administration of a µ receptor agonist, but not of 
an antagonist, ameliorated LID. 
Conclusions: Our results call for a re-appraisal of the functional significance of endogenous basal ganglia opioids in 
PD and LID and for the exploration of µ opioid agonists as a potential treatment for LID. 

332 
Treatment of subcutaneous nodules after subcutaneous infusion of apomorphine 
R. Borgemeester, G. Diercks, T. van Laar (Groningen, Netherlands) 
Objective: To evaluate the efficacy of 4 treatment modalities on apomorphine-induced subcutaneous nodules as 
compared to no treatment. 
Background: Subcutaneous nodules are the most common adverse events of continuous subcutaneous apomorphine 
infusion. However, the pathogenesis and histopathology of subcutaneous nodules are poorly understood and 
therefore the current treatment modalities for subcutaneous nodules lack proper evidence. 
Methods: The efficacy of 4 treatment modalities, including massage with a spikey ball, topical application of 
hydrocortisone 1%, dilution of apomorphine from 0.5% to 0.25%, and the injection of subcutaneous hydrocortisone 
10mg, were compared to no treatment in a five-way fixed crossover study. Each treatment was applied for 14 days, 
followed by a wash-out period of 14 days. Patients were instructed to mark two nodules, after 3 and 14 days of 
treatment, to evaluate the short- and long-term effects. The primary outcome was patient satisfaction, measured by 
the global perceived effect (GPE) questionnaire. Secondary outcomes were size of the erythema, size of the nodules, 
blood eosinophilia and histological tissue changes. A generalized linear model for repeated measures was applied 
with post hoc analyses to examine treatment effects. 
Results: Thirteen patients were included, whereas ten patients completed the study. One patient withdrew after 
given informed consent and the others withdrew during active treatment (1 died and 1 stopped apomorphine 
treatment). Baseline characteristics of these 10 patients are shown in Table 1 [table1]. Only dilution of apomorphine 
significantly improved the GPE scores. Subcutaneous hydrocortisone had a significant effect on nodule size after 3 
days of treatment. However, massage and topical hydrocortisone did not show significant improvements. 
Histological changes in subcutaneous tissue were not different between the 4 treatment modalities. Short-term 
histology included infiltration of eosinophils in 7 patients and histiocytes in 3 patients. Long-term histology were 
similar in all patients by macrophage infiltration loaded with melanin-like pigment. Subcutaneous tissue 
eosinophilia was strongly correlated to eosinophil count in peripheral blood. 
Conclusions: This study was able to demonstrate that dilution of apomorphine significantly improved GPE scores, 
while subcutaneous hydrocortisone significantly reduced nodule size measured after 3 days of treatment. 
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Association of genetic polymophisms with pharmacokinetics of levodopa in South Indian PD patients 
R. Borgohain, T. SD, T. Syed, V. Kutala, R. Kandadai, S. Meka, S. Tandra (Hyderabad, India) 
Objective: To evaluate the role of COMT gene variations on the pharmacokinetics (PK) of L-dopa in PD patients. 
Background: Genetic variations in enzymes (MAO-B, COMT), involved in metabolism of dopamine, may 
contribute to variations in response to levodopa and motor complications in Parkinson's disease. 
Methods: A total of 30 PD patients were recruited based on UKPDS Brain Bank criteria. Patient’s motor 
improvement following L-dopa administration was reported as L-dopa response (aLR, %LR). Five hours (0 hr -4 hrs 
after L-dopa administration) blood samples were collected and peak plasma concentrations were analysed by HPLC 
method. DNA was isolated and genotyping done by RFLP method and validated by Sanger’s sequencing. 
Results: Among 30 PD cases 60% were male with mean age 57.26, and 40% were females with mean age 
58.3(p=0.56). On average, duration of disease was significantly (p=0.0035*) higher in male individuals (Mean ± SD 
= 8.55 ± 3.68,) compared to females (Mean ± SD = 5 ± 1.41). Mean motor ‘off’ score was higher in male patients 
(51.9 ± 9.13) compared to female PD patients (49.91 ± 8.36) but not significant (p=0.34). There is no significant 
change in (p=0.61) mean absolute L-dopa response in male (37.22 ± 11.5) when compared to female PD patients 
(35.33 ± 7.01). When considering genotypes association with AUC of L-dopa, the COMT gene SNP at the promoter 
region rs6269 (G/A) (GG VS AA = 3811 ± 1010, N=2; 1662 ± 306.6, N= 12; P=0.02) and one nonsynonymous 
change rs4680 (G/A: Val158Met) (GG VS AA = 2881 ± 361.5, N=12; 1237 ± 321.4, N=9; P=0.004) have shown a 
significant association with AUC of L-dopa (Figure 1). The two synonymous changes rs4633 (C/T) and rs4818 
(G/C, Leu136Leu) were not significant. When considering genotypes association with dyskinesia score, the COMT 
gene SNP at the promoter region rs6269 (G/A) (GG VS AA = 3811 ± 1010, N=2; 1662 ± 306.6, N= 12; P=0.02) and 
one nonsynonymous change rs4680 (G/A: Val158Met) (GG VS AA = 2881 ± 361.5, N=12; 1237 ± 321.4, N=9; 
P=0.004) have shown a significant association with AUC of levodopa. 
Conclusions: The variant allele Frequency of COMT rs4633 (C/T), rs4680 (G/A) polymorphisms was high in 
EOPD patients. The AUC of Levodopa was found significantly high with variant alleles of rs4633 (C/T), rs4680 
(G/A) of COMT polymorphisms in LOPD patients. These variant alleles are significantly associated with 
Dyskinesias. 
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334 
Ferroptosis, a recently identified cell death, as a therapeutic target for Parkinson’s disease 
H. Bouchaoui, L. Mahoney-Sanchez, A. Jonneaux, F. Gouel, M. Dutheil, J.C. Devedjian, G. Garçon, D. Devos 
(LILLE, France) 
Objective: We aim to determine in a cell model neuroprotective effects of targeting lipoxygenases (LOXs), central 
players in Ferroptosis, a novel regulated iron-dependent cell death pathway implicated in Parkinson’s disease (PD). 
Background: Ferroptosis is a form of regulated cell death characterized by the iron-dependent accumulation of lipid 
hydroperoxides to lethal levels, which is a key marker of this pathway [1]. Recently, we demonstrated that 
ferroptosis is prevalent in pro-oxidant models of PD [2]. Notably, a unique administration of Liproxstatin-1, a 
ferroptosis inhibitor targeting specifically lipid peroxides, strongly attenuate MPTP-induced neurotoxicity in mice. 
Furthermore, several reports have characterized LOXs as key drivers of lipid peroxidation during ferroptosis [3]. 
LOXs could therefore be an interesting therapeutic target in PD. 
Methods: By quantitative PCR we examined the expression pattern of LOXs in LUHMES cells, a human neuronal 
precursor derived cell line, which can be differentiated into mature dopaminergic neurons. To determine whether the 
inhibition of LOXs confer resistance to ferroptosis, we treated LUHMES cells with lipoxygenases inhibitors or 
silenced genes of LOXs using siRNA. We then induced ferroptosis with two inducers, different by their mechanism 
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of action - RSL3 and Erastin. Cell death was measured after 24 hours of treatment by rezasurin assay and levels of 
lipid peroxidation were detected by flow cytometry using a lipophilic reactive oxygen species sensor (BODIPY 
C11). 
Results: We have observed that selective LOXs inhibitors conferred a high neuroprotection against RSL3 and 
Erastin-induced ferroptotic cell death. Interestingly, LOXs inhibitors showed a stronger protective effect than 
Liproxstatin-1, a specific ferroptosis inhibitor. Similar results were obtained by decreasing the expression levels of 
genes detected par qPCR (15-LOX, 15B-LOX and 12B-LOX). Levels of lipid peroxidation in response of RSL3 or 
Erastin were equally reduced by pharmacologic or genetic inhibition of LOXs. 
Conclusions: The implication of ferroptosis in the neurodegeneration of PD offers wide possibilities of 
neuroprotective strategies and targeting lipoxygenases in particular seems a promising strategy. 
References: [1] Dixon S, Lemberg K, Lamprecht M, Skouta R, Zaitsev E, Gleason C et al. Ferroptosis: An Iron-
Dependent Form of Nonapoptotic Cell Death. Cell. 2012;149(5):1060-1072. [2] Do Van B, Gouel F, Jonneaux A, 
Timmerman K, Gelé P, Pétrault M et al. Ferroptosis, a newly characterized form of cell death in Parkinson's disease 
that is regulated by PKC. Neurobiology of Disease. 2016;94:169-178. [3] Yang WS, Kim KJ, Gaschler MM,Patel 
M, Shchepinov MS, Stockwell BR. 2016. Peroxidation of polyunsaturated fatty acids by lipoxygenases drives 
ferroptosis. Proc Natl Acad Sci 113: E4966–E4975. 

335 
The Frequency, Causes and Risk Factors of Discontinuation of Dopamine Agonists in Parkinson's Disease 
Patients 
N. Durmaz Çelik, M. Kuzu Kumcu, S. Bostan, E. Yiğit Tekkanat, S. Özkan (Eskisehir, Turkey) 
Objective: To determine the incidence, causes and risk factors of dopamine agonists (pramipexole and ropinirole) 
discontinuation in Parkinson’s disease patients. 
Background: Ropinirole and pramipexole are the most frequent preferred dopamine agonists (DA). Although these 
dopamine agonists are efficient and reliable in Parkinson’s disease, the biggest challenge of using them in the 
therapy is their troubling side effects. In this study, pramipexole and ropinirole are examined for discontinuation 
reasons and risk factors. 
Methods: In this study 596 Parkinson’s disease patients’ data, followed in the Movement Disorders Center in 
Eskisehir Osmangazi University Department of Neurology between the years of 2008–2018, were included and 
reviewed retrospectively. 
Results: Included were 329 Parkinson’s disease patients who treated with pramipexole and ropinirole (155- 47.1% 
of female/174-52.9% of male). The patients’ average age was 63,8±9,9 years, female/male ratio was 0,89, mean 
disease duration was 8,8±5,51 years, mean duration of treatment was 5,03±3,43 years and levodopa equivalent doses 
were 1006,46±507,89. The discontinuing ratio of dopamine agonists in all patients was 51,6% ± (169/329). Forty-
six (59.7%) of the ropinirole group and 123 (48.8%) of the pramipexole group were discontinued DA therapy. There 
was no difference in age, gender, Hoehn&Yahr stages and duration of treatment between pramipexole and ropinirole 
groups. Discontinuing reasons and their comparisons were summarized in Table.1 [table 1 ]. In the ropinirole group, 
the rate of impulse control disorders (ICD) was significantly higher than pramipexole (p = 0.006). The patients using 
ropinirole was found to be 2.6 times more likely to have ICD than pramipexole (odds ratio = 2.66). The likelihood 
of ICD in men was 1.1 times higher in the total group and1.6 times higher in the ropinirole group by the female 
gender. 
Conclusions: Treatment is terminated in more than half of the patients who started DA. Detecting the causes of drug 
discontinuation, being known to the physician and questioning during the examination will be useful for early 
recognition and treatment management. 
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Sudden alopecia secondary to levodopa treatment 
N. Garcia Alvarado, N. López Ariztegui, M.I. Morales Casado, J.C. Segundo Rodríguez, C. Schoendorff Ortega, R. 
Almansa Castillo, J.A. Perez Matos, A. Ávila Fernández, C. Marsal Alonso (Toledo, Spain) 
Objective: Report a rarely documented side effect of dopaminergic therapy and review the literature on this aspect, 
highlighting the underlying mechanisms hypothetically involved. 
Background: Levodopa (LD) has been used to treat Parkinson’s disease since 1961 and its adverse effects as well 
as its long-term toxicity has been investigated over the decades. However, some of its effects and the ways that lead 
to its production have been less studied given its lower frequency, as is the case of alopecia, that we describe in this 
patient. 
Methods: We describe the case of a seventy-nine Parkinson’s disease patient with no relevant personal history 
except hypertension and diabetes, which presents a rapidly progressive hair loss after starting treatment with 
levodopa/carbidopa gradually increased to a dose of 300 mg of levodopa per day. We include an image of the 
patient before the start of LD [Figure 1], and other images after treatment [Figure 2][Figure 3][Figure 4][Figure 5]. 
Results: Other possible causes of alopecia were investigated, such as hypothyroidism, protein and vitamin 
deficiency and toxicity to other drugs without finding causality. The patient has not family or personal history of 
alopecia areata, pernicious anemia, vitiligo, Hashimoto thyreoditis, or Addison’s disease. After the withdrawal of 
levodopa the patient partially recovered the hair although the graying persisted. Treatment with rasagiline was 
continued in monotherapy with slight worsening of motor function and without new adverse effects. 
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Conclusions: Whereas digestive symptoms and motor complications secondary to levodopa therapy, such as 
dyskinesias and wearing off, are well known, only a few cases of alopecia have been described in relation to 
dopaminergic therapy, more frequently in women and with dopamine receptor agonists. The precise mechanism by 
which dopamine induces hair loss remains to be elucidated, however, there are some preliminary studies that has 
demonstrated that dopamine could act as an inhibitor of hair growth, by the promotion of catagen induction and that 
dopamine 1 receptor transcripts are present in human hair follicles. Further studies are necessary for a better 
characterization of this relationship. 
References: [1] Hideto M, Tomoyoshi K. Hair loss induced by dopamine agonist: case report and review of the 
literature. Parkinsonism and Related Disorders 2003; 10: 51–52. [2] Langan EA, Lisztes E, Bíró T, Funk W, 
Kloepper J.E, Griffiths C.E.M, Paus R. Dopamine is a novel, direct inducer of catagen in human scalp hair follicles 
in vitro. British Journal of Dermatology 2012; 168: 520–525. [3] Marshall A, Williams MJ. Alopecia and levodopa. 
Br Med J 1971; 2: 47. [4] Tabamo RE, Di Rocco A. Alopecia induced by dopamine agonists. Neurology 2002; 58: 
829–830. 
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Development of Mucoadhesive Sustained Release Floating Tablets of Silymarin using Natural Polymer for 
Improved Anti-Parkinson Efficacy 
D. Gugulothu, R. Nagapuri, D.K. Khatri (Pune, India) 
Objective: The objective of the present investigation was to develop Mucoadhesive sustained release floating 
tablets of Silymarin using natural polymers (Coccinia grandis and Rumex vasicarious) and evaluate various 
physicochemical properties and in -vivo anti Parkinson activity in retonone induced mice model 
Background: Silymarin is a standardized seed extract and acts as antioxidants. The short half life, poor 
bioavailability and faster solubility in acidic media make it a suitable candidate for development of Mucoadhesive 
sustained release floating tablets of Silymarin [1]. These developed formulations were exhibited improved stability 
of the drug in the stomach the anti –Parkinson activity. 
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Methods: Mucoadhesive sustained release floating tablets of Silymarin was developed my direct compression 
technique using Coccinia grandis and Rumex vasicarious natural polymers and subjected to evaluation of 
dimensions of a tablet, Density of a tablet, Friability test, Tablet weight variation, Drug content uniformity, In vitro 
buoyancy study, Swelling Studies (Swelling Index), FTIR, DSC, XRD, In vitro drug release studies, Kinetic 
modeling of drug release profile [2]. Furthermore, the optimized tablets were subjected to evaluation of In -vivo anti 
Parkinson activity in the retonone induced mice model. 
Results: Silymarin loaded floating tablets were developed by using various concentrations of Coccinia grandis and 
Rumex vasicarious natural polymers alone and the combination with synthetic polymers successfully. The results of 
dimensions of a tablet, Density of a tablet, Friability test, Tablet weight variation, Drug content uniformity, In vitro 
buoyancy study, Swelling Studies (Swelling Index), FTIR, DSC, and XRD were exhibited the satisfactory and as per 
the pharmacopeia limits. The In-vitro drug release profile of the developed tablets was exhibited up to 12 hrs. 
Additionally, the developed tablets were shown superior In-vivo anti Parkinson activity as compared to marketed 
formulations. 
Conclusions: The Mucoadhesive sustained release floating tablets of Silyamrin developed with Coccinia grandis 
and Rumex vasicarious are novel, low cost, patient friendly systems and they were exhibited superior anti-Parkinson 
activity as compared to marketed formulation. 
References: 1. Ullah H and Khan H, Anti-Parkinson Potential of Silymarin: Mechanistic Insight and Therapeutic 
Standing, Pharmacol, 9: 422; 2018. 2. Garg R and Gupta GD, Preparation and evaluation of gastroretentive floating 
tablets of Silymarin. Chem Pharm Bull, 57(6):545-9; 2009. Acknowledgement: The authors are thankful to SERB-
DST Govt of India for funding this research work. 

338 
Hydralazine protects nigrostriatal dopaminergic neurons from MPP+ and MPTP induced neurotoxicity: 
Roles of Nrf2-ARE signaling pathway 
X.F. Guo, T. Wang, J. Huang, N. Xiong, C. Han, K. Ma, Y. Xia, F. Wan, J.J. Hu, S.J. Yin, L. Kou, Y.D. Sun, J.W. Wu 
(Wuhan, China) 
Objective: In this study, we tested whether hydralazine can attenuate 1-Methyl-4-phenylpyridinium (MPP+) and 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)- induced neurotoxicity in vitro and in vivo by activating Nrf2 
and its downstream network of antioxidative genes. 
Background: Ample empirical evidence suggests that oxidative stress is involved in the pathogenesis of Parkinson's 
disease (PD). The nuclear factor E2-related factor 2 (Nrf2) is known to activate several antioxidant response element 
(ARE)-driven antioxidative genes that prevents oxidative stress in vitro and in vivo. Moreover, it was documented 
that hydralazine is a potent Nrf2 activator. 
Methods: SHSY5Y cells were subjected to hydralazine, H2O2 or MPP+ treatment. SiRNA interference were 
performed by treating the cells with with Nrf2 SiRNA or control SiRNA. After transfection for approximately 24h, 
SHSY5Y cells were exposed to hydralazine with or without MPP+. After these treatments, cells were used for 
biochemical analysis. Before, during, and after MPTP 30 mg/kg (i.p.) administration for 7 days, the mice were given 
hydralazine (Hyd) 51.7 mg/kg per day by oral gavage for 3 weeks. Behavioral test of the animals were performed 
after the last oral gavage, after behavior test, mice were killed for further analysis. 
Results: We found that treatment with hydralazine attenuated MPP+ or H2O2 -induced loss of cell viability in 
human neuroblastoma cell line (SH-SY5Y). In addition, hydralazine significantly promoted the nuclear translocation 
of Nrf2, and upregulated the expression of its downstream antioxidative genes. Further, knockout of Nrf2 abolished 
the protection conferred by hydralazine on MPP+ -induced cell death. Similar findings were observed in vivo. 
Before, during, and after MPTP 30 mg/kg (i.p.) administration for 7 days, the mice were given hydralazine (Hyd) 
51.7 mg/kg per day by oral gavage for 3 weeks. Oral administration of hydralazine ameliorated oxidative stress, 
MPTP-induced behavioral disorder, and loss of neurons of dopaminergic system in the substantia nigra (SN) and 
striatum, all of which were attributed to its ability to activate the Nrf2-ARE pathway. 
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Conclusions: This study shows that hydralazine as a potent Nrf2 activator, increases the expression of Nrf2 
downstream ARE target genes and confers strong neuroprotection in model of PD both in vitro and vivo in a Nrf2 -
independent manner. 
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Quercetin Regulates Cadmium Induced Motor Dysfunction in Depletion of Dopamine and its Metabolites at 
Synapse 
R. Gupta, R. Shukla, A.B. pant, V. Khanna (Lucknow, India) 
Objective: The present study has an attempt to understand cadmium induced alteration in dopamine and associated 
signaling that causes the motor alterations in rats and at the time to assess whether quercetin have protective 
potential in combating such changes. 
Background: Release of dopamine at synapse and related alteration in presynaptic and postsynaptic signaling is the 
key contributor to regulation of motor functions at synapse. Alteration in the level of dopamine or its metabolites 
leads to disturb the dopamine neurotransmission leading to development to various neurological and psyological 
disturbances. Cadmium (Cd) is a perpetual toxin with high occurrence in nature and importantly considered as 
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potential risk factor in the development Parkinson’s disease but the mechanism behind the development of disease is 
still a question need to solve. 
Methods: Using rat model, four experimental groups are classified. Rats exposed to cadmium (5 mg/kg bw, p.o.) or 
Quercetin (25mg/kg bw, p.o.) or simultaneous exposure to cadmium & quercetin for 28 days 
Results: Studies carried out exhibits high levels of cadmium in various brain regions as frontal cortex, hippocampus 
and corpus striatum on cadmium exposure in rats as compared to controls. Further, cadmium treatment in rats 
decreases the dopamine levels at synapse. The Decrease level of DOPAC and HVA has also been found as of 
controls. The decrease expression of TH  has also been observed suggesting the auto feedback regulation through 
dopamine in such rats. The spontaneous locomotor activities and motor coordination was observed in rat exposed to 
cadmium. While simultaneous exposure with quercetin in cadmium exposed rats found to protect such changes as 
compared to cadmium exposed cells and in rats. 
Conclusions: The results on the present study exhibits cadmium induced motor  dysfunction are regulated by 
dopamine and their metabolites levels at synapse and the protective potential of quercetin in modulating the such 
changes that may pave the way for its potential therapeutic intervention in various neurological disease conditions. 
References: Gupta R, Shukla R.K., Pandey A., Sharma T., Dhuriya Y., Srivastava P., Singh MP., Siddiqi MI., Pant 
A. B., and Khanna V.K,. Involvement of PKA/DARPP32/PP1a and ß- arrestin/Akt/Gsk-3ß signaling in Cadmium 
Induced DA-D2 Receptor Mediated Motor dysfunctions: Protective Role of Quercetin. Sci Rep. 2018 Feb 
6;8(1):2528 

340 
Apomorphine induced hemolytic anemia: A case report and literature review 
F. Hajiakhoundi, M. Motamed, M. rohani, G. Shahidi (Tehran, Islamic Republic of Iran) 
Objective: To present a case of apomorphine induced hemolytic anemia 
Background: Drug induced immune hemolytic anemia (DIIHA) is a potentially lethal adverse reaction; It has been 
implicated in the side effects profiles of more than 130 drugs importantly antibiotics (penicillin and cephalosporins), 
non-steroidal anti-inflammatory drugs, and chemotherapeutic agents(1). 
A few cases of immune hemolytic anemia caused by levodopa, and dopa-agonists have previously been reported. 
Hereby we are presenting a case of apomorphine induced immune hemolytic anemia. 
Methods: Case report. 
Results: A 62-year-old man who was diagnosed with Parkinson disease since 10 years, was admitted to the ER with 
decreased level of consciousness that had evolved over 2 days. He had stopped taking antiparkinsonian medications 
since 10 days due to hallucinations and agitation that his care givers attributed to levodopa intake. 
On the initial evaluation, he was febrile, confused and had generalized severe rigidity, with a high serum CPK level. 
A diagnosis of neuroleptic malignant syndrome was made and in addition to adequate hydration, an NG tube was 
placed, and he was started on bromocriptine and levodopa. After 72 hours of therapy, his fever resolved, and CPK 
levels decreased; but his rigidity persisted. A subcutaneous apomorphine pump was inserted and the dose was 
titrated on 1.3 mg/h continuous infusion. The initial response to apomorphine was favorable but after two days of 
therapy, the patient developed immune hemolytic anemia (Hb: 6.7g/dl, MCV: 79 ff, LDH: 1500 UI/dl, total bilirubin 
2.4mg/dl, direct bilirubin 0.7mg/dl, and a positive coombs test at 37°C). After discontinuation of apomorphine, 
anemia improved (Hb: 11.3mg/dl) and he was discharged on levodopa. 
Conclusions: Drugs can cause hemolytic anemia by three different mechanisms; inducing oxidative stress, 
thrombotic microangiopathy, and by activating immune mechanisms. 
DIIHA has first been reported in 1972 as a complication of Levodopa (2). It has also been reported as a complication 
of dopamine agonists including cabergoline and apomorphine (3,4). Since the “Expert Consensus Group report on 
the use of apomorphine in the treatment of Parkinson's disease” in 2015(5), we are presenting the second 
documented case of apomorphine induced immune hemolytic anemia. 
References: 1. Ashkenazi R, Ben-Shachar D, Youdim MB. Nutritional iron and dopamine binding sites in the rat 
brain. Pharmacol Biochem Behav [Internet]. 1982 [cited 2017 Apr 4];17 Suppl 1:43–7. Available from: 
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http://www.ncbi.nlm.nih.gov/pubmed/7184034 2. Clark LS. Autoimmune hemolytic anemia in relation to L-dopa 
therapy. Am J Med Technol [Internet]. 1972 Jan [cited 2019 Mar 1];38(1):9–12. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/5008030 3. Gürbüz F, Yağcı-Küpeli B, Kör Y, Yüksel B, Zorludemir S, 
Gürbüz BB, et al. The first report of cabergoline-induced immune hemolytic anemia in an adolescent with 
prolactinoma. J Pediatr Endocrinol Metab [Internet]. 2014 Jan 1 [cited 2019 Mar 1];27(1–2). Available from: 
https://www.degruyter.com/view/j/jpem.2014.27.issue-1-2/jpem-2013-0151/jpem-2013-0151.xml 4. Venegas Pérez 
B, Arquero Portero T, Sánchez Fernández MS, Feliz Feliz C, Del Val Fernández J, García-Ruiz PJ. Apomorphine-
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341 
The mGlu2/3 orthosteric antagonist LY-341,495 abolishes the anti-dyskinetic and anti-psychotic effects of the 
mGlu2 positive allosteric modulator LY-487,379 in the MPTP-lesioned marmoset 
A. Hamadjida, S. Nuara, J. Gourdon, P. Huot (Montreal, QC, Canada) 
Objective: We seek to determine the effect of orthosteric blockade of metabotropic glutamate 2 and 3 (mGlu2/3) 
receptors with LY-341,495 on the anti-dyskinetic and anti-psychotic benefits conferred by the mGlu2 positive 
allosteric modulator LY-487,379. 
Background: We have recently discovered that positive allosteric modulation of mGlu2 receptors with LY-487,379 
is a therapeutic approach that reduces both L-3,4-dihydroxyphenylalanine (L-DOPA)-induced dyskinesia and 
psychosis-like behaviours (PLBs) in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesioned marmoset 
model of Parkinson’s disease (PD). Here, we hypothesised that LY-341,495 would undermine the therapeutic effects 
of LY-487,379. 
Methods: Six MPTP-lesioned marmosets exhibiting dyskinesia and PLBs upon administration of L-DOPA were 
administered each of the following treatments, in a random order: L-DOPA alone, L-DOPA/LY-487,379, L-
DOPA/LY-341,495 and L-DOPA/LY-487,379/LY-341,495, after which the severity of dyskinesia, PLBs and 
parkinsonism were scored. 
Results: We found that mGlu2 positive allosteric modulation with LY-487,379 significantly reduced the severity of 
L-DOPA-induced dyskinesia and PLBs, compared to L-DOPA alone. mGlu2/3 orthosteric blockade with LY-
341,495 did not exacerbate either of L-DOPA-induced dyskinesia or PLBs, when compared to L-DOPA alone. 
However, when LY-487,379 and LY-341,495 were added to L-DOPA simultaneously, the anti-dyskinetic and anti-
psychotic effects of LY-487,379 were no longer present. 
Conclusions: Our results indicate that the beneficial effects of mGlu2 positive allosteric modulation on dyskinesia 
and PLBs can be reversed upon orthosteric blockade of mGlu2/3 receptors, providing pharmacological validation of 
the mGlu2-selective mechanism whereby LY-487,379 acts to alleviate both dyskinesia and psychosis in the MPTP-
lesioned non-human primate. 

342 
LY-341,495, an mGlu2/3 antagonist, abolishes the anti-dyskinetic and anti-psychotic effects of the mGlu2/3 
orthosteric agonist LY-354,740 in the MPTP-lesioned marmoset 
A. Hamadjida, S. Nuara, J. Gourdon, P. Huot (Montreal, QC, Canada) 
Objective: We aim to determine the effect of orthosteric blockade of metabotropic glutamate 2 and 3 (mGlu2/3) 
receptors with LY-341,495 on the anti-dyskinetic and anti-psychotic benefits conferred by the mGlu2/3 orthosteric 
agonist LY-354,740 (eglumegad). 
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Background: We have recently discovered that orthosteric stimulation of mGlu2/3 receptors with LY-354,740 
reduces the severity of both L-3,4-dihydroxyphenylalanine (L-DOPA)-induced dyskinesia and psychosis-like 
behaviours (PLBs) in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesioned marmoset model of 
Parkinson’s disease (PD). Here, we hypothesised that LY-341,495 would undermine the therapeutic effects of LY-
354,740. 
Methods: Six MPTP-lesioned marmosets exhibiting dyskinesia and PLBs upon administration of L-DOPA were 
administered each of the following treatments, in a random order: L-DOPA alone, L-DOPA/LY-354,740, L-
DOPA/LY-341,495 and L-DOPA/LY-354,740/LY-341,495, after which the severity of dyskinesia, PLBs and 
parkinsonism were evaluated. 
Results: We found that mGlu2/3 orthosteric stimulation with LY-354,740 significantly reduced the severity of L-
DOPA-induced dyskinesia and PLBs, compared to L-DOPA alone. mGlu2/3 orthosteric blockade with LY-341,495 
had no effect on the severity of L-DOPA-induced dyskinesia or PLBs, when compared to L-DOPA alone. However, 
when LY-354,740 and LY-341,495 were both concurrently administered with L-DOPA, the anti-dyskinetic and anti-
psychotic effects of LY-354,740 were lost. 
Conclusions: Our results indicate that the beneficial effects of mGlu2/3 orthosteric stimulation on L-DOPA-induced 
dyskinesia and PLBs can be reversed upon orthosteric blockade of mGlu2/3 receptors, providing pharmacological 
validation of the mGlu2/3-selective mechanism by which LY-354,740 acts to alleviate both dyskinesia and 
psychosis in the MPTP-lesioned primate. 
 

343 
Benefit and Weakness with botulinum toxin: time course and relationship 
P. Kassavetis, K. Alter, C. Lungu, B. Karp (Bathesda, MD, USA) 
Objective: To compare the timecourse of and relationship between benefit and weakness after botulinum toxin 
(BoNT) injection. 
Background: The timecourse of benefit onset and duration has been well reported in case series and clinical trials 
for many BoNT neurological indications [1, 2].  The clinical time course of BoNT-induced weakness is less well-
defined. While muscle weakening is presumed to, at least partly, underlie BoNT clinical efficacy, there is little data 
on the degree to which weakness does or does not correlate with benefit. 
Methods: Patients in the NIH/NINDS Human Motor Control Section BoNT clinic complete a structured 
questionnaire about their previous BoNT injections at each visit. They self-rate the benefit and weakness on a visual 
analog scale and assign a numerical score of 0-100% to their response (For benefit:  0 = no benefit; 100% = 
complete relief. For weakness: 0 = no weakness; 100% = no voluntary movement).  They also record the time to 
onset of any benefit/weakness, time to maximal benefit/weakness, duration of maximal benefit/weakness and 
duration of any benefit/weakness.  We analyzed the most recent questionnaires for all patients injected in the past 2 
year. 
Results: Charts of 79 patients (63 dystonia, 9 spasticity and 7 hemifacial spasm) were reviewed. The mean benefit 
was 58% (SD=31%) and the mean weakness 19% (SD=23%). 43% of patients had no weakness despite benefit of 
58% (SD=35%). We found no correlation between self-reported intensity of benefit and weakness (p=0.68). There 
was no difference between the time onset of benefit compared to weakness (p=0.26). There was a trend towards 
benefit peaking slightly later than weakness (22 days (SD=16) vs 15 days (SD=9), p=0.073). The duration of 
maximum benefit (mean 7.8  weeks, SD=3.4) and of any benefit (mean 11.3 weeks, SD= 5.3) was significantly 
longer than the duration of maximum weakness (mean 5.7 weeks, SD=3.9) (p<0.01) or any weakness (mean 9.3 
weeks, SD=5.5) (p=0.03). 
Conclusions: These data confirm previous observations that the extent of subjective benefit does not correlate with 
subjective weakness and that benefit can be achieved in the absence of weakness. Our data support that the latency 
of weakness/benefit onset and time to peak are the same but that benefit duration outlasts weakness by 2 weeks. 
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These findings are useful for patient education and in setting expectations for the course of response to BoNT 
treatment. 
References: 1. Lungu, C., et al., Long-term follow-up of botulinum toxin therapy for focal hand dystonia: outcome 
at 10 years or more. Mov Disord, 2011. 26(4): p. 750-3. 2. Karp, B.I., Botulinum toxin treatment of occupational 
and focal hand dystonia. Mov Disord, 2004. 19 Suppl 8: p. S116-9. 

344 
Movement Disorders Patients in Long-Term Care: Protecting Access to Appropriate Treatment 
B. Kennedy, J. Peterson, D. Charles (Washington, DC, USA) 
Objective: To better understand the impact of gradual dose reduction (GDR) on patients with movement disorders 
living in long-term care facilities (LCTFs). 
Background: More than 2 million Americans live in LCTFs[1]. Medicines for psychological and behavioral 
symptoms have historically been overused in this setting.[2] In response, the federal Centers for Medicare and 
Medicaid Services (CMS) instituted requirements for GDR of certain medicines in LTCFs.[3] While GDR protects 
patients, its broad application may also negatively impact patients with movement disorders complicated by 
psychosis or pseudobulbar affect. For example, of the 7-10 million people with Parkinson’s disease (PD), more than 
half develop PD psychosis.[4, 5] While U.S. Food and Drug Administration-indicated treatments are now available 
for PD psychosis and PBA, GDR could restrict patients’ access. 
Methods: Literature review. 
Results: Federal regulations define a psychotropic drug as one “that affects brain activities associated with mental 
processes and behavior.”[6] This includes drugs in the anti-psychotic, antidepressant, antianxiety, and sedative-
hypnotic classes. Central nervous system (CNS) agents can also be considered psychotropics.[7] The only 
government approved medicine for PBA—dextromethorphan/quinidine—is a CNS agent and pimavanserin—for PD 
psychosis—is an antipsychotic, so both are subject to GDR. Both have only one approved dosage, so there is no 
dose to “reduce” to. 
Conclusions: It is essential to end overuse and misuse of medicines in LTCFs, yet subjecting all patients who take 
approved medicines as indicated to GDR is inappropriate. As currently implemented, mandatory government 
regulations such as these place an insurmountable barrier between patients and their physician-prescribed 
medication. Solutions to ensure patients have appropriate access include: 1. The federal government should create a 
GDR exemption for these two medicines or 2. The federal government should issue guidance noting GDR is 
inappropriate for these medications. Both approaches, and future efforts to avoid one-size-fits-all GDR policy, 
ensure that patients’ course of care is appropriate and individualized, not dictated by generic government 
regulations. 
References: References: 1. Department of Health and Human Services. Office of the Inspector General. Medicare 
atypical antipsychotic drug claims for elderly nursing home residents. May 2011. OEI-07- 08-00150. Available at: 
http://oig.hhs.gov/oei/reports/oei-07- 08-00150.pdf 2. Hersch EC, Falzgraf S. Management of the behavioral and 
psychological symptoms of dementia. Clin Interv Aging. 2007;2(4): 611-621. 3. National Partnership to Improve 
Dementia Care in Nursing Homes & Quality Assurance and Performance Improvement (QAPI). Available at: 
https://www.cms.gov/Outreach-and-Education/Outreach/NPC/Downloads/2016-12-06-Slide-Presentation.pdf 4. 
Parkinson’s Association of the Carolinas. Statistics on Parkinson’s Disease. Available at: 
https://www.parkinsonassociation.org/facts-about-parkinsons-disease/ 5. A 12-year population-based study of 
psychosis in Parkinson disease. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20697051 6. CMS Medicare 
and Medicaid Programs; Reform of Requirements for Long Term Care Facilities Final Rule. Vol. 81. Fed. Reg. 
October 4, 2016. 7. Consonus Healthcare. CMS regulatory changes limit the use of PNM psychotropic medications. 
Available from: http://www.consonushealth.com/wp-content/uploads/2017/09/CS_Newsletter_Article.pdf?x95358 
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345 
Alleviation of Parkinson’s and Associated Depression using Silymarin in Rotenone induced Mice Model of 
Parkinson's Disease 
D. KHATRI (Pune, India) 
Objective: The present study was undertaken in order find out the possible neuroprotective and antidepressant 
potential of Silymarin. The neuroprotective and antidepressant potential was evaluated in term of alleviating 
rotenone induced behavior deficits and biochemical alteration in experimental mice. 
Background: Silymarin, an antioxidant derived from Silybum marianum, offers protection against chemical 
induced inflammation, hepatotoxicity, and cancer. Silymarin is nontoxic even at higher doses and is used in 
naturopathy worldwide against many diseases. It is recently reported that silymarin crosses the blood–brain barrier 
and enters the central nervous system. 
Methods: Parkinson was induced by rotenone (1 mg/kg i.p.) in saline. Chronic administration of rotenone (1 mg/kg 
i.p.) for a period of three weeks significantly impaired behavior activity, oxidative defense. Animals were divided in 
different treatment groups. Silymarin was used at 50, 100 and 200 mg/kg p.o. for the period of 21 days. Various 
behavior and biochemical parameters were evaluated at the end of the study. 
Results: Chronic oral treatment silymarin for 21 days showed significant improvement in behavior activity in the 
Open field test, forced swim test, and tail suspension test. Also, reduction in plasma cortisol level as compared to 
disease control (rotenone treated) groups of animals. Results showed that the silymarin showed antidepressant 
activity in a dose dependent manner. 
Conclusions: The outome of present study provides a scientific rationale for using of silymarin for the therapeutic 
management of depressive like symptoms associated with Parkinson’s disease. 
References: Singhal NK, Srivastava G, Patel DK, Jain SK, Singh MP. Melatonin or silymarin reduces maneb‐and 
paraquat‐induced Parkinson’s disease phenotype in the mouse. Journal of Pineal Research. 2011 Mar;50(2):97-109. 

346 
In vivo and In vitro study of 17β estradiol against amyloid beta neurotoxicity in synaptosomes of aging female 
rats: A therapeutic potential drug for Alzheimer’s disease 
P. Kumar, N. Baquer (New Delhi, India) 
Objective: The aim of the present study was to determine the effects of neuropeptide, neurokinin B (NKB) and 
amyloid beta fragment Aβ (25-35) on 17β estradiol (E2) treated aging female rat brain of 3 months (young), 12 
months (adult) and 24 months (old) age groups. 
Background: Alzheimer’s disease (AD) is the most common form of dementia in the elderly. AD is characterized 
by the presence of amyloid plaques which are formed from deposits of β-amyloid protein (Ab). Accumulation of 
oligomeric Ab in the brain contributes to neuronal dysfunction and ultimately leads to neurodegeneration. These 
changes increase during menopausal condition in females when the level of estradiol is decreased 
Methods: The aged rats (12 and 24 months old) were given subcutaneous injection of E2 (0.1 µg/g body weight) for 
30 days. Synaptosomes were incubated with NKB, Aβ (25–35) and NKB+ Aβ (25–35) in a microfuge tubes at 
37˚C  for 60 min in a shaking water bath with 0.1, 1 and 5 µM concentration of each of the peptides  in all age 
groups of control and E2 treated rats. The learning and memory function were assessed by Morris water maze test. 
The mRNA and protein levels of PPARγ were evaluated by real time (RT)-PCR and Western blot analysis. 
Results: The results obtained in the present work revealed that increased activities of antioxidant enzymes 
(glutathione reductase, superoxide dismutase and decrease in calcium levels, acetylcholinesterase (AChE) activity, 
neurolipofusicin accumulation and malondialdehyde (MDA) in presence of NKB and combined NKB and Aβ in 
vivo E2 treated aging rat brain. An in vitro incubation of E2 treated synaptosomes with Aβ showed toxic effects on 
all the parameters, while NKB showed stimulating effects and the combined NKB and Aβ showed a partial effects 
as compared to Aβ (25-35) and NKB alone. Similar results were obtained with the increased antioxidant enzymes 
levels, improved learning and memory performances, reduced AChE activity and MDA levels, significantly 

This article is protected by copyright. All rights reserved.



increased PPARγ expression, and alleviated TNF-α, IL-1β, and IL-6 compared with the E2 treated aging 
rat  hippocampus. 
Conclusions: Present study elucidates an antioxidant,anti-aging and neuroprotective role of tachykinin peptide NKB 
against the beta amyloid induced toxicity in E2 treated female rats. 

347 
Differential enhancement of ERK, PKA and Ca2+ signaling in direct and indirect striatal neurons of 
Parkinsonian mice 
L.L. MARIANI, S. Longueville, J.A. Girault, D. Hervé, N. Gervasi (Paris, France) 
Objective: To identify cell-specific and dynamical modifications of signaling pathways associated with PD and 
drug-induced modifications 
Background: Parkinson's disease (PD) is characterized by severe locomotor deficits due to the disappearance of 
dopamine (DA) from the dorsal striatum. Among the mechanisms underlying the development of PD symptoms and 
treatment-related complications such as dyskinesia, complex alterations in intracellular signaling in both direct and 
indirect pathway striatal projection neurons (dSPN and iSPN) have been proposed following loss of DA 
neurons.However the dynamics and cell type specificity of signaling alterations in SPNs resulting from the chronic 
absence of DA are still poorly characterized, hampering the understanding of their pathophysiological consequences 
Methods: An experimental model combining the hemiparkinsonian mouse (6-hydroxydopamine (6-OHDA) lesion) 
model with two-photon fluorescence biosensors imaging (such as EKAR, AKAR and GCaMP6S) in adult 
corticostriatal slices was used. 
Results: We showed that after DA lesion, extracellular signal-regulated kinase (ERK) activation is increased in 
response to DA D1 receptors (D1R) and/or α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 
stimulation. We also described that upstream pathway of ERK like cAMP/protein kinase cAMP-dependent (PKA) 
pathway presented surpersensitive responses to D1R stimulation after 6-OHDA lesion. This cAMP/PKA activation 
was specific of dSPN and amplified by augmented Gαolf signaling and deficient phosphodiesterase activity. We also 
described that Ca2+ signaling induced by stimulation of AMPAR was increased specifically in iSPN after DA 
lesion. 
Conclusions: Our work reveals distinct cell type-specific signaling alterations in the striatum after DA denervation. 
It suggests that over-activation of ERK pathway by DA observed in PD, which is known to be leading to dyskinesia, 
may be linked to the combined dysregulation of DA and glutamate signaling pathway in the two populations of 
SPNs. These results suggest that complications in the PD treatments at late stages may be linked to the inability to 
appropriately regularize both DA and glutamate responses in dSPNs and iSPNs. These findings bring new insights 
into the implication of these respective neuronal populations in PD and the occurrence of PD treatment 
complications. 

348 
Effect of gastrointestinal surgery on the pharmacokinetics of levodopa in Parkinson’s disease 
N. Miyaue, M. Nomoto, H. Yabe, Y. Yamanishi, S. Tada, R. Ando, M. Kubo, M. Nagai (Ehime, Japan) 
Objective: The aim of this study is to evaluate the pharmacokinetics of levodopa in patients with Parkinson’s 
disease (PD) who underwent gastrointestinal surgery. 
Background: Levodopa is the most potent medication for PD and is mainly absorbed in the duodenum and the 
proximal jejunum. The pharmacokinetics of levodopa is affected by several factors, such as gastric emptying, gastric 
acid secretion, and protein intake. We reported that stomach structure is related to levodopa absorption, but there 
were few reports describing the pharmacokinetics of levodopa in PD patients who underwent gastrointestinal 
surgery. 
Methods: We measured the concentrations of levodopa in two cases who underwent different gastrointestinal 
surgery. 
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Results: Case 1 is a 76-year-old male PD patient, who was diagnosed with hypopharyngeal and esophageal cancer 
at an age of 73 years. He underwent esophagectomy with free the jejunal autograft and gastric tube reconstruction. 
Plasma levodopa concentration showed time to peak concentration (Tmax) after food intake was shorter than that 
without food intake (1.5h vs 1.0h). Food was considered to affect the absorption of levodopa in case 1. Case 2 is a 
84-year-old male PD patient, who was diagnosed with gastric cancer at an age of 82 years. He underwent total 
gastrectomy with Roux-en-Y gastric bypass. The reconstruction procedures were as follows: the jejunum was 
separated from the duodenum and connected to the remaining end of the esophagus, and the remaining duodenum 
was connected farther down the jejunum from where the esophagus and jejunum were attached. Plasma levodopa 
concentration achieved peak within one hour both after food intake and without food intake (Tmax 0.75h vs 1.0h). 
Case 2 was considered showing rapid absorption of levodopa with little influence of food intake. 
Conclusions: Our results might suggest that the operative methods affect the pharmacokinetics of levodopa in PD 
patients who underwent gastrointestinal surgery. 

349 
Behavioural aspect of transgenic Drosophila melanogaster as a model of Parkinson’s disease treated by 
Ropinirole alginate nanocomposite 
F. Naz, R. X, Y. Siddique (Aligarh, India) 
Objective: To evaluate the behavioural changes in transgenic Drosophila melanogaster as a model of Parkinson’s 
disease treated by different doses of Ropinirole alginate nanocomposite (RANC). 
Background: Parkinson’s disease (PD) is a second most common chronic and progressive neurodegenerative 
disease (Tanner and Goldman 1996). PD is expected to be more common in coming future as the world’s population 
increases with ages. Ropinirole (RP) (IUPAC name: 4-[2-(dipropylamino) ethyl]-2-indolinone hydrochloride)) is a 
non-ergot D2/D3 dopamine agonist with higher affinity for D3 receptors than for D2 or D4 receptor subtypes 
(Nashatizadeh et al., 2009). 
Methods: The nanocomposite of ropinirole nanocomposite was synthesized, characterized and studied its different 
doses 1µM 2µM and 3µM on the Parkinson’s disease model flies using behaviour aspects i.e. climbing assay. 
Results: The α-synuclein accumulation led to dopaminergic neuronal degeneration and impaired muscular 
coordination. The ingestion of RANC in Drosophila as a model of PD shows significantly improvement in climbing 
ability with dose increases and may be prevented neuronal degeneration as compare to drug ropinirole. 
Conclusions: These results confirm that Ropinirole exerts more neuroprotective effect in experimental PD flies as 
compare to dopamine agonist i.e. ropinirole. It shows improvement in motor PD symptoms. 
References: Tanner C. M. and Goldman S. M. (1996) Epidemiology of Parkinson’s disease. Neurol. Clin. 14, 317–
335. Nashatizadeh, M. M., Lyons, K. E., & Pahwa, R. (2009). A review of ropinirole prolonged release in 
Parkinson’s disease. Clinical interventions in aging, 4, 179. 

This article is protected by copyright. All rights reserved.



 

 

350 
Evolution of anti-parkinsonian drug prescribing patterns in Parkinson’s disease 
S. Neo, A. Wong, H.L. Ng, W. Li, K.Y. Tay, W.L. Au, L. Tan (Singapore, Singapore) 
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Objective: To compare Parkinson’s disease (PD) treatment practices by movement disorder (MD) specialists across 
a decade, and to determine the factors that influence drug choice in newly diagnosed drug-naïve PD patients in 
Singapore. 
Background: Treatment in PD is symptomatic and guided largely by best clinical practices, with evidence for a 
levodopa-sparing strategy (LDS) still evolving. Furthermore, potential adverse drug events (ADE) identified during 
postmarketing surveillance continue to influence drug choice. Few long-term longitudinal data exist on anti-
parkinsonian drug (APD) prescribing patterns. 
Methods: This cross-sectional analysis included drug-naïve PD patients, diagnosed in the years 2007 and 2017, and 
seen within 1 year of diagnosis by a MD specialist at a large tertiary referral centre, who were started on medications 
within the first two clinic visits. Discontinuation of treatment was determined at two subsequent follow-up visits 
occurring within 2 years from first visit. Demographic, clinical and prescription data were extracted from our 
centre’s movement disorder database. 
Results: From 2007 to 2017, the use of ergot dopamine agonists and anti-cholinergics decreased (19.3% to 2.0%, 
p<.001 and 12.0% to 2.7%, p=.004 respectively) while monoamine oxidase B inhibitor (MAOI) use increased 
(13.3% to 25.2%, p=.033). Use of LDS decreased non-significantly from 33.7% to 24.5%. [table 1] 
 
Compared to levodopa users, patients on LDS were younger (57.5±8.1 vs 70.3±8.8 years, p<.001) and had milder 
disease (H+Y stage 1.9±0.5 vs 2.4±0.7, p<.001). Age >=70 (aOR 11.9; 4.5-31.5) and H+Y stage >2 (aOR 3.4; 1.5-
7.7) were independent factors for levodopa use, even after subgroup analysis by year of diagnosis. Non-levodopa 
prescriptions were more likely to be discontinued compared to levodopa (13/92 (14.1%) vs 6/149 (4.0%), p=.005), 
with MAOI accounting for 8/13. 
Conclusions: APD prescribing patterns in PD have changed significantly through the last decade, possibly 
influenced by emerging evidence and ADE reports. Key guiding factors of choosing drugs based on patient’s age 
and disease severity remained consistent across the years. It is important that international and national guidelines 
for drug prescribing in PD be updated and consistent throughout different socioeconomic settings to optimize care. 
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351 
Results of community pharmacist-led structured medication reviews in Parkinson’s Disease 
N. Oonk, P. Oude Avenhuis, K. Movig, K. Koehorst-ter Huurne, W.H. Nijmeijer, M. van Kesteren-Biegstraaten, J. 
vd Palen, L. Dorresteijn (Enschede, Netherlands) 
Objective: To obtain insight in the process of community pharmacist-led structured medication reviews in patients 
with Parkinson’s disease (PD), by evaluating medication modifications and recommendations, and its effect on the 
amount of medication used daily. 
Background: The complexity of medication schedules and polypharmacy in PD easily leads to compliance issues 
and drug related problems. A structured medication review (SMR) is a potentially effective intervention strategy to 
improve adherence and optimize therapy. To better explain clinical effects of an SMR in PD patients, more should 
be known about proposed treatment modifications and recommendations. 
Methods: In this multicenter randomized controlled trial [1], 144 PD-patients were included. Patients in the 
intervention group received a community pharmacist-led SMR according to the Royal Dutch Pharmacists 
Association Guidelines [2], performed at baseline. The control group received usual care. All proposed medication 
modifications and recommendations were recorded. Prescribed medication at baseline and after six months were 
compared. 
Results: Both groups were comparable at baseline. Of all patients, 88 (61%) were men and mean age was 72.0 years 
(SD±7.5). Patients took 7.6 (SD±2.4) different medicines at 5.2 (SD±1.5) intake moments daily. Thus far, 56 SMRs 
were analyzed in which a total of 98 medication modifications were proposed, mostly concerning PD-related 
medication (26%) (Table 1). Only 48% of the proposed modifications was finally carried through. Higher age was 
significantly associated with higher numbers of proposed modifications. Fifty-five recommendations were given, 
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mostly concerning practical aspects of medication intake and dietary advices. After six months, no difference was 
found regarding the amount of medicines used daily between both groups. 
Conclusions: This is the first study analyzing the process of an SMR in PD patients. Both modifications and 
recommendations mostly concerned PD-medication, which might be in highest need for optimization. Reasons for 
unaccepted modifications together with clinical effects of an SMR have to and will be further analyzed, to further 
select the most appropriate medication interventions to improve treatment effect. 
References: [1] Oonk NGM, Movig KLL, Munster EM, et al. The effect of a structured medication review on 
quality of life in Parkinson's disease: The study protocol. Contemp Clin Trials Commun. 2019;13:100308. doi: 
10.1016/j.conctc.2018.100308. [2] Verduijn M, Leendertse A, Moeselaar, et al. Multidisciplinary Guideline 
Polypharmacy in elderly. Huisarts Wet. 2013;56(8):414-419. doi:10.1007/s12445-013-0215-y. 

 

 

352 
Effects of safinamide and rasagiline on in vivo glutamate release in 6-OHDA hemilesioned rats 
C.A. Pisanò, A. Brugnoli, S. Novello, C. Caccia, C. Keywood, E. Melloni, G. Padoani, S. Vailati, M. Morari 
(Ferrara, Italy) 
Objective: To investigate the effects of safinamide (saf) and rasagiline on in vivo glutamate (Glu) release in the 6-
hydroxydopamine (6-OHDA) hemilesioned rat model of Parkinson’s disease (PD). 
Background: Saf is a novel PD drug with a dual mechanism of action, blockade of MAO-B and inhibition of 
abnormal Glu release (1). An in vivo microdialysis study in naïve rats (2) showed that saf inhibited veratridine-
induced Glu release in subthalamic nucleus (STN 85%), globus pallidus (GP 60%) and substantia nigra reticulata 
(SNr 85%) but not in dorsolateral striatum (DLS). This effect occurred at a dose of 15 mg/kg giving free plasma 
concentrations corresponding to the 100 mg human dose and close to the affinity for sodium channels, suggesting it 
was accomplished via sodium channel blockade. To understand the antiglutamatergic activity of saf and the 
contribution of MAO-B inhibition to this, in vivo Glu release was studied in 6-OHDA hemilesioned rats in 
comparison with another MAO-B inhibitor, rasagiline. 
Methods: A microdialysis probe was implanted in DLS, GP, SNr or STN of 6-OHDA hemilesioned rats. After 24 
hours, rats were treated either with a single dose of saf (15 mg/kg i.p.) or saline and 30 min later (plasma Tmax 
<=60 min) (1) veratridine (10 µM) was perfused through the probe. Rasagiline (0.1 mg/kg, i.p.) was administered 60 
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min before veratridine (plasma Tmax <=120 min) (3). Both drugs were tested at doses inhibiting MAO-B >50% (1, 
4). Glu was measured by HPLC. 
Results: In a rat model of PD, saf 15mg/kg inhibited veratridine-evoked Glu release in STN (72%) and GP (80%) 
but not in DLS and SNr indicating that dopamine depletion alters the response of subthalamo-nigral neurons or 
terminals to safinamide. Rasagiline did not inhibit Glu release in any of the nuclei. 
Conclusions: This study in a rat PD model suggests that MAO-B inhibitors saf and rasagiline differ in their abilities 
to inhibit depolarization-evoked Glu release in the basal ganglia. The lack of effect of rasagiline suggests that MAO-
B inhibition is not involved in the antiglutamatergic activity of saf. The finding that saf inhibits Glu release along 
the STN-GP axis, which is overactive in PD, suggests this effect might contribute to its observed therapeutic actions 
of improving motor performance without provoking troublesome dyskinesias. 
References: 1) Caccia C, Maj R, Calabresi M, Maestroni S, Faravelli L, Curatolo L, Salvati P, and Fariello RG 
(2006) Safinamide: from molecular targets to a new anti-Parkinson drug. Neurology 67 (Suppl 2):S18–S23. 2) 
Morari M, Brugnoli A, Pisanò CA, Novello S, Caccia C, Melloni E, Padoani G, Vailati S, and Sardina M (2018) 
Safinamide differentially modulates in vivo glutamate and GABA release in the rat hippocampus and basal ganglia. 
J Pharmacol Exp Ther 364:198–206 3) www.ema.europa.eu/documents/scientific-discussion/azilect-epar-scientific-
discussion_en.pdf 4) Youdim, MH, Gross A, and Finberg JPM (2001) Rasagiline [N-propargyl-1R(+)-aminoindan], 
a selective and potent inhibitor of mitochondrial monoamine oxidase B. Br. J Pharmacol 132: 500-506. 

353 
Effect of dopamine D2-receptor antagonist and basal ganglia neuromodulation on neuronal activity in the 
cerebral motor area and cerebellar dentate nucleus 
k. Schwabe, A. Abdulbaki, S. Helgers, J. Krauss, M. Alam (Hannover, Germany) 
Objective: The effect of the D2-antagonist haloperidol on single unit activity (SU) and local field potentials (LFPs) 
of the cerebellar dentate nucleus and motor cortex (MCtx) and modulation of the entopeduncular nucleus (EPN) by 
deep brain stimulation (DBS) were studied in urethane anesthetized rats. 
Background: The cortico basal ganglia circuitry plays a crucial role in the control of movement, sensorimotor 
integration, and also limbic and associative integrity. However, little is known about the interference with cerebellar 
nuclei. Here, we investigate the effect of dopamine blockade and basal ganglia neuromodulation on the neuronal 
activity of the dentate nucleus. 
Methods: We recorded dentate nucleus SU activity together with LFPs and motor cortex electrocorticogram (MCtx-
ECoG) under urethane anesthesia (1.4 g/kg, i.p.) in rats before and after Haldol injection (1mg/kg). Thereafter, 30 
sec EPN-DBS (130 Hz, 200 µA current, with 120 µs biphasic square wave pulses) was applied and the neuronal 
activity was re-assessed. For the LFPs, the signal was filtered between 0.1 and 140 Hz, SU signals were bandpass-
filtered between 500 and 5000 Hz. The firing of each neuron was recoded for 10 to 12 min after signal stabilization 
and SU were sorted on the base of 3:1 signal to noise ratio. 
Results: Injection of haloperidol decreased the SU activity in the dentate nucleus, while EPN DBS resulted in 
partial recovery of the firing activity. Further, the coefficient of variation of firing activity was increased with 
injection of Halo and EPN DBS. After injection of haloperidol the power of theta (4-8Hz) frequency decreased in 
the MCtx and increased in the dentate nucleus. In contrast, the power of beta (12-30Hz) was increased in MCtx and 
decreased in the dentate nucleus. EPN DBS compensated haloperidol-induced opposite effects of oscillatory activity 
in the MCtx and dentate nucleus. 
Conclusions: Cerebro-cerebellar networks interact via the basal ganglia and neuromodulation of the EPN may alter 
cerebellar activity after dopamine blockade. 
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354 
Safinamide ameliorates motor deficits and plastic alterations before the onset of L-DOPA-induced dyskinesia 
in a rat model of Parkinson's disease 
M. Sciaccaluga, P. Mazzocchetti, G. Bastioli, V. Ghiglieri, B. Picconi, A. Tozzi, C. Caccia, C. Keywood, G. 
Padoani, P. Calabresi (Perugia, Italy) 
Objective: To investigate the effects of safinamide (saf) on synaptic plasticity of spiny projection neurons (SPNs) 
and the antiparkinsonian effect in dopamine (DA) denervated rats co-administered with levodopa (L-DOPA). 
Background: Current therapeutic options for Parkinson’s disease (PD) are primarily DA replacement strategies 
that, however, can progressively cause motor fluctuations and L-DOPA-induced dyskinesia (LID). DA-denervation 
causes loss of striatal bidirectional synaptic plasticity (long term potentiation, LTP and long term depression, LTD). 
Chronic treatment with L-DOPA can restore LTP but can be associated with loss of depotentiation in dyskinetic 
animals. 
Methods: Saf effects on synaptic plasticity were investigated ex vivo by patch-clamp recordings in striatal slices of 
naïve rats and DA-denervated rats treated with 6mg/Kg L-DOPA+12mg/Kg benserazide once a day for 3 weeks. In 
vivo LID was assessed in the absence or presence of 15mg/Kg chronic saf (30 min before administration of L-
DOPA) and measured by scoring abnormal involuntary movements (AIMs). Motor deficit quantification was 
evaluated with the stepping test. 
Results: Saf 3 microM, did not affect either LTP or LTD in naïve rats. Chronic co-administration of saf+L-DOPA 
did not affect the L-DOPA-induced LTP recovery but a higher percentage of cells (80%) displaying LTP in L-
DOPA+saf rats was found compared to rats treated with L-DOPA alone (67%). Moreover, SPNs of L-DOPA+saf-
treated rats showed almost complete recovery of depotentiation. Although saf had no effect on AIMs, the trend in 
ameliorating depontentiation was paralleled by improvement of motor behavior at the stepping test before the onset 
of LID (conta/ipsi adjusting steps, pre-treatment =0.23, post-treatment=0.78, p<0.01). 
Conclusions: Saf, at a therapeutically relevant concentration range, did not affect LTD or LTP in naïve rats. Co-
administration of saf with L-DOPA did not affect L-DOPA-induced LTP recovery but promoted depotentiation with 
a parallel improvement in motor deficit. 

355 
Chlorogenic acid attenuates the MPTP induced apoptosis in Parkinson's disease mouse model through pAkt 
signaling pathway 
S. Singh, S. Singh (Varanasi, India) 
Objective: This study deals to investigate and explore the anti-apoptotic and molecular mechanisms of CGA in 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced Parkinsonian mice model. 
Background: The debilitating neurodegenerative disorder, Parkinson's disease (PD) occurs due to the loss of 
dopaminergic (DA) neurons via programmed cell death or apoptosis. Oxidative and nitrative stress, inflammation, 
mitochondrial dysfunction and aberration in proteolysis are the major factors accountable for the pathogenesis of 
PD. All these factors further attribute to a complex cascade of interrelated events that ultimately triggers apoptosis. 
A naturally occurring polyphenolic compound, Chlorogenic acid (CGA) is found in variety of fruits and vegetables 
and exhibits different biological properties such as anti-apoptotic, anti-inflammatory, neurotropic and free radical 
scavenging activities. 
Methods: To accomplish this study, thirty two adult male mice were randomly selected and divided into four groups 
(n = 8 each): Control; MPTP; MPTP+CGA; and CGA. Our results have stated that CGA treatment has alleviated the 
motor deficits in MPTP intoxicated mice. 
Results: Administration of CGA to MPTP intoxicated mice has protected the DA neurons against MPTP insult via 
its anti-apoptotic activity by reversing the dysregulated expression of Bcl-2, Bax, and Caspase-3. The elevated 
activity of pAkt after CGA supplementation reveals about the mechanistic action of CGA which has concomitantly 
prevented the apoptosis of the DA neurons. Besides, TH immunoreactive DA neurons were also found to be 
significantly increased in the substantia nigra pars compacta area upon CGA supplementation. Real time PCR 
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analysis has shown the reduced gene expression of pro-inflammatory markers (IL-1β, IL-2 and IL-6) due to CGA 
treatment after MPTP intoxication. 
Conclusions: In conclusion, CGA protected the DA neurons probably through its anti-apoptotic effect and may act 
as an effective agent for the treatment of PD. 
References: 1. Singh SS, Rai SN, Birla H, Zahra W, Kumar G, Gedda MR, Tiwari N, Patnaik R, Singh RK and 
Singh SP (2018) Effect of Chlorogenic Acid Supplementation in MPTP-Intoxicated Mouse. Front. Pharmacol. 
9:757. doi: 10.3389/fphar.2018.00757 2. Poewe, W. S. K., Tanner, C. M., Halliday, G. M., Halliday, G. M., 
Brundin, P., Volkmann, J., et al. (2017). Parkinson disease. Nat. Rev. Dis. Primers 23:17013. doi: 
10.1038/nrdp.2017.13 

356 
Effect of pill box organizers with alarm on improvement of adherence to pharmacotherapy in patients with 
Parkinson’s disease: a pilot study 
I. Straka, M. Minár, M. Škorvánek, M. Grofik, J. Benetin, P. Valkovič (Bratislava, Slovakia) 
Objective: To find out whether pill box organizers with alarm would improve the rate of adherence in non-adherent 
patients with Parkinson’s disease (PD) taking three and more daily doses of antiparkinsonian drugs, and whether the 
improvement of adherence to pharmacotherapy affects the clinical parameters. 
Background: Non-adherence to pharmacotherapy in chronic disorders is a very important healthcare problem. In 
PD patients, it is associated with motor and non-motor complications and reduced quality of life (QoL). Therefore, 
improvement of adherence to pharmacotherapy is a challenge in routine clinical practice. Previous data about an 
effect of dosing devices in chronic disorders were inconsistent, and this issue has not been investigated in PD. 
Methods: We included 96 non-demented subjects with idiopathic PD. We used validated Slovak versions of 
questionnaires and scales: 8-Item Morisky Medication Adherence Scale (MMAS-8), the Parkinson’s Disease 
Questionnaire-8 (PDQ-8), Geriatric Depression Scale (GDS), Non-motor Symptom Assessment Scale for 
Parkinson’s Disease (NMSS), 9-Item Wearing-off Questionnaire (WOQ-9), MDS-UPDRS parts III and IV. In our 
pilot study, non-adherent patients (≥3 points in the MMAS-8) received a pill box organizer with alarm at baseline 
visit, and they underwent follow-up visit after 6 weeks. We used Student T-test to determine the effect of our 
intervention. 
Results: We involved 40 patients with PD (26 males) with mean age of 66.6 ± 9.2 years, median of Hoehn &Yahr 
stage was 2.5 (range 1-4), an average number of daily doses of PD drugs was 5.3 ± 1.1 with average levodopa 
equivalent dose 1379.1 ± 542.9 mg. In the 6-week period, the pill box organizer with alarm had significant effect on 
the increasing the rate of adherence (MMAS-8, p < 0.001), and the trend in improving motor and non-motor 
fluctuations (WOQ-9, p = 0.058) was identified. 
Conclusions: Complex therapeutic regimens are associated with lover adherence. It is necessary to develop devices 
for improving adherence. In non-adherent PD patients who take three and more daily doses of antiparkinsonian 
drugs, introduction of a pill box organizer with alarm seems to be a promising in improving the rate of adherence. 
Moreover, it may potentially contribute to an improvement or alleviation of motor and non-motor complications. 

357 
Preclinical profile of dopamine D1PAM: A novel mechanism in clinical development for Lewy Body dementia 
K. Svensson, J. Beck, J. Hao, J. Schaus, X. Wang, B. Heinz, S. Mitchell, K. Wafford, C. Yang, L. Zhang, S. Castner, 
G. Williams, H. Marston, R. Bruns (Indianapolis, IN, USA) 
Objective: Introduce the mechanism of action for dopamine D1 positive allosteric modulator (D1PAM) as a new 
target for neuropsychiatric disorders. Describe the preclinical profile of lead D1PAMs including DETQ, DPTQ and 
LY3154207. The latter compound is currently in phase 2 for Lewy Body Dementia (LBD). 
Background: Dopamine D1 receptors play a key role in higher cognitive functions, motor activity and 
mood/reward. A D1PAM may address issues associated with D1 agonists including poor drug like properties, 
inverted U-shaped dose response and tolerance development. 
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Methods: In vitro potency and efficacy in the cAMP assay was performed using human D1 cells. In vivo testing 
was done in human D1 receptor knock-in (hD1KI) mice due to a species differences in D1PAM binding. Central D1 
receptor mediated effects were also studied in the rhesus monkey using the spontaneous eye blink rate and spatial 
working memory models. All studies used systemic administration of D1PAMs 
Results: LY3154207 is a potent D1PAM in vitro (cAMP EC50 of 3.7 nM) with 14-fold alpha-shift. In vivo motor 
activity in hD1KI mice was increased over a wide dose range (3-240 mg/kg, PO) without evidence for inverted U-
shaped dose-response, rapid tolerance development or disruption of spontaneous alteration in the Y-maze, which is 
in contrast to D1 agonists. LY3154207 also reversed hypo-activity caused by pre-treatment with a low dose of the 
dopamine depleting agent reserpine (an animal model for motor symptoms in Parkinson’s disease). In vivo 
microdialysis studies revealed increased release in acetylcholine in the hippocampus and the PFC and sleep EEG 
studies showed dose related wake promoting effects. LY3154207 also increased brain phosphorylation of CREB and 
GluR1, both markers of synaptic plasticity. In the rhesus monkey, LY3154207 and the close structural analog DPTQ 
increased spontaneous eye blink rate, effects were blocked by a D1 receptor antagonist. Acute dosing with DPTQ 
(0.1-2.5 mgkg, IM) enhanced spatial working memory performance in the adult rhesus monkey. Depending on the 
dose, the enhanced performance was observed at 48 or 72 hours post dosing and sustained for up to 14 days. 
Conclusions: Preclinical data for D1PAM’s, including LY3154207, support the potential utility of this new 
mechanism in the treatment of several neuropsychiatric disorders including LBD and Alzheimer’s disease. 
 
Part of the data presented at the ADPD meeting, March 2019. 

358 
Safinamide reduces membrane excitability and synaptic transmission of striatal spiny projection neurons in a 
rat model of Parkinson's disease 
A. Tozzi, M. Sciaccaluga, P. Mazzocchetti, G. Bastioli, V. Ghiglieri, B. Picconi, C. Caccia, C. Keywood, G. 
Padoani, P. Calabresi (Perugia, Italy) 
Objective: The effect of safinamide (saf) on the electrical membrane properties and both excitatory and inhibitory 
synaptic transmission of striatal spiny projection neurons (SPNs) was investigated in a rat model of Parkinson’s 
disease (PD). 
Background: PD is characterized by degeneration of nigrostriatal dopaminergic neurons. Dopamine (DA), released 
by the substantia nigra pars compacta, modulates the excitability and synaptic transmission of striatal SPNs. DA 
denervation impairs this modulation and causes changes in the firing frequency and glutamate-induced hyperactivity 
of SPNs, which are implicated in motor complications associated with long term levodopa (L-DOPA) therapy. As a 
reversible inhibitor of voltage-gated sodium channels, saf can reduce glutamate release and potentially counteracts 
abnormal SPN responses caused by DA-denervation. 
Methods: Saf (1-100µM) effects on SPN electrical membrane properties and on spontaneous and evoked synaptic 
transmission, were investigated by patch-clamp recordings in striatal slices of naïve rats and 6-hydroxydopamine (6-
OHDA) DA-denervated rats. A group of 6-OHDA rats received a chronic in vivo treatment with 6mg/Kg L-
DOPA+12mg/Kg benserazide in the presence or absence of saf (15mg/kg, 30 min before the administration of L-
DOPA), once a day for 3 weeks. 
Results: In vitro saf reduced the firing rate and frequency of spontaneous excitatory and inhibitory postsynaptic 
currents (sEPSC and sIPSC) of SPNs in both naïve and DA-denervated rats, with comparable IC50 values (firing 
rates: 3.5 and 5.5 µM, respectively; sEPSC: 2.4 and 2.5 µM, respectively; sIPSC: 4.4 and 5 µM), in the human 
therapeutic range (3-5 µM). Moreover, saf reduced the evoked EPSC and IPSC amplitude in a dose-dependent 
manner (EPSC: IC50 =16 and 20 µM, respectively for naïve and 6-OHDA rats). 
Chronic in vivo treatment with saf (15mg/kg, i.p. injection once a day for 3 weeks), 30 min before the administration 
of L-DOPA, also significantly reduced the firing rate of SPNs by 43% respect to L-DOPA treatment alone (p<0.05). 
Conclusions: Saf, at clinically relevant concentrations, reduces SPN membrane excitability and modulates synaptic 
transmission. These actions might contribute to the beneficial motor effects of saf in PD patients. 
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Somatization disorder (SD) and Parkinson's Disease (PD) in Mexican population 
A. Alcocer-salas, M. Rodriguez-Violante, A. Cervantes-Arriaga, A. Polo-Morales (Ciudad de México, Mexico) 
Objective: Identify, in Mexican patients with PD, the prevalence of SD as well as its impact on cognitive and motor 
impairment. 
Background: SD refers to the presence of discomforts that the person perceives related to different bodily 
dysfunctions but do not have an organic or physiological cause. 
Although the incidence of SD is greater in PD and there are some studies that show an association between SD and 
cognitive impairment in these patients; The impact of SD on motor disability has been little addressed. 
The SCL-90R is a validated tool for the assessment of psychopathological symptoms. It is composed of nine 
symptom dimensions. Each item of each dimension in the SCL-90R is measured in terms of how much the symptom 
is bothering the participant. it is scored in the scale ranging from 0=not at all to 4=extremely. The score of each 
dimension is the mean of all items of that dimension. Patients without the symptom scores <1; mild symptoms 1 to 
2; moderate-severe symptoms >2. We considered the SD dimension, which consists of 12 items. 
Methods: Observational, analytical cross-sectional study, where SD subscale of SCL-90R scale was performed in 
100 patients with PD, as well as MOCA test and MDS-UPDRS. Patients were evaluated in the movement disorders 
clinic of the National Institute of Neurology “Manuel Velasco Suárez” in a period of 2 months. 
Results: We include 100 patients; men (53.1%) and women (46.9%) with an average age of 64.26 years ± 12.4. 
Within our group of patients, we observed that 42.7% had symptoms of SD (34.4% with mild symptoms and 8.3% 
with moderate to severe symptoms). 
MOCA: SD (mean score(M) = 18.76); without SD (M = 21.46); (p = 0.02). 
UPDRS1: SD (M = 14.18); without SD (M = 6.78); (p = 0.000). 
UPDRS2: SD (mean = 17.27); without SD (M = 10.33); (p = 0.001). 
UPDRS3: SD (M = 36.93); without SD (M = 28.72); (p = 0.013). 
UPDRS4: SD (M = 5.79); without SD (M = 3.19); (p = 0.023). 
Conclusions: We could confirm the high prevalence of SD in our population, as well as a significant difference in 
all the areas evaluated when comparing both groups, that is a greater cognitive deterioration and a worse 
performance in all the sections of the MDS-UPDRS in patients with a SD. Subsequent studies considering the 
impact on the treatment and prognosis of these patients may be beneficial. 
References: 1. Siri, C; Cilia, R; Gaspari, D; Villa, F; Goldwurm, S; Marco, C; Pezzoli, G; Antonini,A. Psychiatric 
Symptoms in Parkinson´s disease assessed with the SCL-90 R self-reported questionnaire. Neurol Sci, (2010) 
31:35–40. 2. Carrozino, D; Morberg, B; Siri, C; Pezzoli, G; Bech, P. Evaluating psychiatric symptoms in 
Parkinson´s Disease by a clinimetric analysis of the Hopkins Symptom Checklist (SCL-90-R). Progress in 
Neuropsychopharmacology & Biological Psychiatry, (2017). 3.Onofrj, M; Bonanni, L; Manzoli, L; Thomas, A. 
Cohort study on somatoform disorders in Parkinson disease and dementia with Lewy bodies. Neurology (2010);74: 
1598–606. 
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360 
Predictive Factors for Depression in a Multicentric Parkinson's Disease Mexican Cohort 
A. Banegas-Lagos, A. Cervantes-Arriaga, D. Garza-Brambila, E. Garcia-Berlanga, K. Salinas-Barboza, S. Isais-
Millan, A. Anaya-Escamilla, E. Velazquez-Avila, G. Parra, A. Gonzalez-Cantú, M. Rodriguez-Violante, D. 
Martinez-Ramirez (Monterrey, Mexico) 
Objective: To identify predictive factors for depression in a multicentric Parkinson’s disease (PD) Mexican cohort. 
Background: Depression is a common symptom of PD with a reported prevalence varying between 2.7% and 
90%(1, 2). Around 40% have significant depressive symptoms. Depression has a negative impact on patient’s 
quality of life(3). 
Methods: Cross-sectional analytical study of PD patients from a multicentric mexican PD cohort (n=306) evaluated 
in 2017-2018. Demographic and clinical variables were documented as predictive variables and depression as the 
outcome. Variables with significant association were used to construct multivariate regression model to determine 
predictive factors {table 1}. 
Results: 57.8% (177/306) reported depressive symptoms. Right-sided symptom onset (OR = 1.72, P = .020), PIGD 
subtype (OR 2.19, P = .001), HY III-IV (OR = 4.21, P = .006), MDS-UPDRS part III (MD = -5.58, P = .002), 
presence of cognitive impairment (OR = 1.89, P = .007), psychosis (OR = 1.99, P = .030), anxiety (OR = 5.56, P = 
<.001), apathy (OR 4.41, P= <.001), sleep problems (OR = 1.72, P = .020), pain (OR 1.88, P = .007), drooling (OR 
= 2.01, P = .033), gait problems (OR = 2.30, P = .002), and freezing of gait (OR = 3.23, P = .001) were significantly 
associated with depression. Multivariate analysis proved the presence of apathy (beta = 2.52, P = 0.030), freezing of 
gait (beta = 3.44, P = .002), and anxiety (beta = 5.23, P = <.001) to be significant predictors for depression. MAOB 
inhibitors were found to be a protective factor for depression (beta = 0.46, P = 0.039). [table1] When comparing 
MAOB inhibitors, selegiline was associated with lower presence of depression compared to rasagiline (OR = 0.19, P 
= 0.022). The model showed an accuracy of 71.9%, sensitivity 79.4%, specificity 64.2%, PPV 69.5%, and NPV 
75.2%. 
Conclusions: Prevalence and associated factors with depression are congruent with previously reported data. 
Treating apathy, freezing of gait, and anxiety might improve depression. Better design studies are needed to confirm 
our results. 
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References: 1. Timmer MHM, van Beek M, Bloem BR, Esselink RAJ. What a neurologist should know about 
depression in Parkinson's disease. Pract Neurol. 2017;17(5):359-68. 2. Isais-Millan S, Pina-Fuentes D, Guzman-
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361 
The role of dysfunctional attentional processing in isolated minor hallucinations in Parkinson’s disease 
H. Bejr-kasem, J. Pagonabarraga, S. Martínez-Horta, F. Ruiz-Martínez, F. Bernasconi, F. Sampedro, J. Marín-
Lahoz, A. Horta-Barba, I. Aracil-Bolaños, B. Pascual-Sedano, O. Blanke, J. Kulisevsky (Barcelona, Spain) 
Objective: To explore attentional processing deficits in Parkinson's disease (PD) with minor hallucinations using a 
selective visual attention task. 
Background: Recent literature points to a similar neural basis between minor and well-structured hallucinations [1]. 
Increasing clinical and neuroimaging data support a participation of attentional processes in the pathophysiology of 
well-structured hallucinations [2]. Determining their involvement on minor hallucinations would help to understand 
the relationship between different stages of psychosis in PD. 
Methods: Sixty-one patients with early-to-moderate PD (n=29 with minor hallucinations, PD-mH; n=32 without 
hallucinations, PD-NH), perfectly matched for confounding factors, were included in the analysis. A modified 
version of the Ericksen flanker test was used to explore attentional processes. Both accuracy and reaction times were 
recorded. Each participant completed 1000 trials. A 19-channel EEG was performed during the task 
administration.  Significance was set at p<0.05. 
Results: The PD-mH group had significant lower accuracy compared to non-hallucinators (p=0.001), especially in 
incongruent trials (p=0.003). Although no statistically significant, longer reaction times in incorrect responses were 
found in this group, suggesting that this finding cannot be entirely explained by poor inhibition control. In ERP 
recordings, we found that patients with minor hallucinations showed lower mean amplitudes in P200 at midline 
frontal electrode (Fz), and in P300 at midline parietal electrode (Pz) during incorrect incongruent trials. 
Conclusions: Our results reveal that patients with PD and minor hallucinations show impairments in attention-
modulated higher-order perceptual processing, and reduced ability to control attentional focus, in line with previous 
descriptions in patients with well-structured hallucinations. These findings further support the presence of common 
neural changes along the clinical spectrum of psychosis in PD. 
References: [1] Bejr-Kasem H, Pagonabarraga J, Martínez-Horta S, Sampedro F, et al. Disruption of the default 
mode network and its intrinsic functional connectivity underlies minor hallucinations in Parkinson's disease. Mov 
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Disord. 2019 Jan;34(1):78-86. [2] Hall JM, O’Callaghan C, Shine JM, Muller AJ, et al. Dysfunction in attentional 
processing in patients with Parkinson’s disease and visual hallucinations. J Neural Transm. DOI 10.1007/s00702-
016-1528-3.
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362 
Clinical and cognitive features of anxiety in Parkinson’s disease 
G. Carey, L. Defebvre, A. Moonen, A. Leentjens, K. Dujardin (Lille, France) 
Objective: To determine the demographic, clinical and cognitive features associated with anxiety disorders in 
Parkinson’s disease (PD). 
Background:  
The point prevalence of anxiety disorders in PD patients is 31%. Anxiety has a negative impact on quality of life and 
both motor and non-motor symptoms, and may lead to an increase in medication use. However, there are little data 
on the clinical and cognitive characteristics of PD patients suffering from anxiety disorders.  
Methods: Non-demented PD patients were enrolled from two movement disorders clinics in Europe (Lille and 
Maastricht). Demographic (age, sex, personal and family history), clinical (MDS-UPDRS, disease duration, 
medication), neuropsychiatric (depression, anxiety, apathy, hallucinations) and cognitive (overall efficiency, 
memory, attention and executive functions, language, visuospatial functions) data were recorded. Patients were 
diagnosed with anxiety disorders based on a cut-off score on the Parkinson Anxiety Scale. Between group 
comparisons were carried out with appropriate tests. 
Results: We included 118 patients: 34 with and 84 without anxiety disorders. Patients with an anxiety disorder were 
more often women (OR: 2.84; 95% CI: 1.23-6.58; p = 0.013) and more often had a family history of PD (OR: 3.42; 
95% CI: 1.47-7.96; p = 0.003). In anxious patients, the levodopa equivalent daily dose was higher (937.36 vs 732.53 
mg; p = 0.02) and they used antidepressants (OR: 12.38; 3.66-41.91; p < 0.0001) and/or anxiolytic drugs (OR: 
17.08; 95% CI: 3.5-83.33; p < 0.0001) more frequently. Anxious patients had a more advanced disease stage 
(median Hoehn & Yahr, p = 0.003) and scores on the depression, anxiety, sleep disorders, pain and fatigue items of 
the MDS-UDRS were all significantly higher in the anxious group. This group also had significantly lower scores 
for overall cognitive efficiency, attention and executive functions. 
Conclusions: Anxiety disorders in PD are associated with higher drug use and more severe motor and non-motor 
symptoms. In addition, patients with anxiety disorders have more impaired in attention and executive functions. The 
underlying mechanisms need to be further investigated. 
References: [1] Leentjens, A. F. G. et al. Symptomatology and markers of anxiety disorders in Parkinson's disease: 
a cross-sectional study. Mov. Disord. 26, 484–492 (2011). [2] Leentjens, A. F. G. et al. The Parkinson Anxiety Scale 
(PAS): development and validation of a new anxiety scale. Mov. Disord. 29, 1035–1043 (2014). 

363 
Factitious Disorder Imposed on Another mimicking a Dopamine Dysregulation Syndrome 
D. Carneiro, M.S. Sousa, A. Morgadinho, C.J. Januário (Coimbra, Portugal) 
Objective: To present a new type of Dopamine Dysregulation Syndrome in Parkinson's Disease. 
Background: Dopamine Dysregulation Syndrome (DDS) is a rare neuropsychiatric complication of Parkinson’s 
Disease (PD) therapy. In Factitious Disorder Imposed on Another (FDIA) someone fabricates or exaggerates 
features of a disease in another person. 
Methods: Case Report 
Results: We present a case of a 70 year-old woman who was brought to the the Emergency Room with generalized 
involuntary movements. She had PD for 12 years, and she was under Carbidopa/L-dopa 250/25mg 4 times daily and 
Ropinirole 8mg daily, with previous control of her disease. She also had a Major Depressive Disorder, treated with 
antidepressants. The patient and her companion were both beggars. She presented with generalized choreic-ballistic 
movements and a mild cognitive impairment. Both patient's and companion's information was compatible with DDS 
and she was admitted for clinical improvement, therapeutic adjustment and social support. She reduced 
Carbidopa/L-dopa dosage (600mg daily), suspended the dopaminergic agonist and started Clozapine 25mg daily 
which prevented further abnormal movements and motor fluctuations. During the third week, the dyskinetic 
choreiform movements suddenly returned and were mainly present from lunch and onward through the afternoon, 
which did not respect the predictable peak dose neither the end of the dose period that would be expected from the 

This article is protected by copyright. All rights reserved.



scheduled levodopa intakes. In one situation, her companion was seen administering extra Carbidopa/L-dopa pills, 
which he referred to be for the patient’s clinical benefit. We were also informed by the Hospital’s Social Service 
support that the patient’s exuberant choreiform dyskinesia was commonly seen in touristic spots. Her companion’s 
strategy was to give her excessive doses of Carbidopa/L-dopa which he mixed in a glass of water so as to more 
rapidly induce the dyskinetic movements, hence increasing their chances of receiving money through begging. The 
diagnosis of FDIA was then made on the companion. 
Conclusions: We presented a new type of DDS in PD, without the addictive dimension usually associated to this 
syndrome which makes therapeutics and prognosis different. 
 

364 
Neuropsychiatric manifestations in Parkinson's disease 
O. cherkaoui rhazouani, N. jalami, M. chraa, N. kissani (marrakech, Morocco) 
Objective: Evaluate the different neuropsychiatric manifestations in Parkinson's disease. 
Background: Parkinson's disease (PD) is the second most common neurodegenerative pathology after Alzheimer's 
disease, although PD is diagnosed clinically by its motor manifestations, it could be preceded and accompanied by 
neuropsychiatric troubles (NPT) such as: depression, anxiety, apathy, and hallucinations. 
Methods: Authors realized a prospectively study about 79 patients consulting for PD in the neurology department of 
the Mohammed VI University Hospital of Marrakech (Morocco) over a period of four months (between March 2018 
and June 2018). Information was collected using the Neuropsychiatric Inventory (NPI) and by using a questionnaire, 
authors have described the different NPT during ON / OFF periods. 
Results: Authors collected 79 cases including 43 men and 36 women. The average age of patients was 59 years old. 
The mean duration of disease was 7 years. The NPTs were more common in women and the NPI show a high score 
for depression, anxiety and mood instability. No correlation score items were found with age, however a significant 
correlation was established between apathy score (p <0.05, p = 0.02), hallucination score (p <0.05, p = 0.03) and 
duration of evolution of the MP. Depression, anxiety and panic attacks are the most frequent during OFF periods: 58 
cases (73.42%), 55 cases (69.62%) and 46 cases (58.24%) respectively with an improvement found in 51 patients for 
depression, 46 patients for anxiety and 33 patients for panic attacks during ON periods. 
Conclusions: NPTs have a significant impact on the quality of life of Parkinson's patients and their families. Motor 
improvement by dopa therapy during unblocking periods ON seems to result in significant psychic improvement 
during PD. 

365 

Withdrawn 

366 
Progression of neuropsychiatric symptoms in Parkinson's disease 
J. Dlay, G. Duncan, T. Khoo, C. Williams-Gray, D. Breen, R. Barker, D. Burn, R. Lawson, A. Yarnall (Newcastle 
upon Tyne, United Kingdom) 
Objective: To determine the progression of neuropsychiatric symptoms (NPS) in Parkinson’s disease (PD) and their 
associations with quality of life (QoL) and motor problems. 
Background: Emerging evidence suggests non-motor symptoms including NPS may predate the onset of motor 
problems. NPS occur in over 60% of PD patients, leading to increased risk of institutionalisation. At present there 
are few longitudinal studies assessing the burden of NPS on QoL in non-demented PD patients and caregivers. 
Methods: Patients with newly diagnosed idiopathic PD (n=212) and controls (n=99) were recruited to the Incidence 
of Cognitive Impairment in Cohorts with Longitudinal Evaluation-PD (ICICLE-PD) study. Participants completed 
the Neuropsychiatric Inventory with Caregiver Distress scale (NPI-D) to measure NPS; Parkinson's Disease 
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Questionnaire (PDQ‐39) to measure QoL; Movement Disorders Society Unified Parkinson's Disease Rating Scale 
Part III (MDS-UPDRS III) to measure severity of motor impairments; and Montreal Cognitive Assessment (MoCA) 
to measure global cognition. Assessments were repeated at 18 and 36-month follow-up. Multivariate linear 
regression was used to predict NPI-D and QoL, adjusting for confounding variables. 
Results: Hallucinations, depression, anxiety and apathy were more common in PD subjects than controls at each 
time point (p<0.05 for all). Irritability, sleep disturbances and appetite changes were significantly higher in PD 
subjects than controls at 18 months, with appetite changes still significant at 36 months (p<0.05). Lower MoCA and 
higher MDS-UPDRS-III scores at 36 months were significant predictors of NPI total score at this time point (β=-
0.260, p=0.010; β=0.411, p<0.001 respectively) but not at baseline (p>0.05). Higher NPI-D score was a significant 
determinant of poorer QoL at both baseline (ΔR2=0.063, p<0.05) and this was consistent at 36 months (ΔR2=0.041, 
p<0.05). 
Conclusions: Prevalence of NPS is higher in PD compared to controls and is associated with greater motor 
problems and poorer QoL. Clinicians should be aware of their frequency, since earlier identification of patients with 
NPS at diagnosis will allow provision of specialist support. 

367 
Depression in Parkinson’s disease: Experience of the neurology department in Mohammed VI third level 
university hospital 
H. El yachkouri, M. Chraa, N. Kissani (Marrakesh, Morocco) 
Objective: The objectives of this study are to evaluate the frequency of depression in our Parkinson's disease 
patients, to describe the relationship of depression to demographic parameters and motor function and specially the 
stage of the disease. 
Background: For decades, Parkinson's disease (PD) has been considered as a neurodegenerative disorder of pure 
motor expression.  Currently, it has been shown that an association with non-motor symptoms (NMS) is frequent. 
Depression is the most common NMS in Parkinson's disease, with a prevalence that varies widely across studies 
(2.7% to 90%). Despite its frequency, it is often under diagnosed and therefore inadequately treated. The 
pathophysiology of depression in PD is multifactorial, and may include dysfunction of dopaminergic, serotonergic 
and noradrenergic systems but is still poorly understood. 
Methods: The authors report a prospective study on depression, in 115 patients with PD diagnosed over a period of 
18 months. The study was conducted in the neurology department of Mohammed VI university hospital of 
Marrakesh. Patients were administered a detailed questionnaire by a neurologist, and depression was diagnosed 
using the BDI (Beck depression inventory). 
Results: Depression was the most frequent NMS in our patients (75.6%), with a higher prevalence in females 
(66.7% vs 54.2%). We also found that depression was more frequent in patients with young-onset PD and in the late 
stage of the disease. 
Conclusions: PD is a complex neurodegenerative pathology with a motor and non-motor symptoms, including 
depression. It is important to consider the frequency of depression in Parkinson's disease, in order to optimize its 
diagnosis and treatment. 

368 
Predicting Impulse Control Disorders in Parkinson’s Disease: A Challenging Task 
J. Faouzi, S. Bekadar, O. Colliot, J.C. Corvol (Paris, France) 
Objective: To predict the onset of impulse control disorders (ICDs) in Parkinson’s disease (PD) in several scenarios 
of interest for clinicians. 
Background: Impulse control disorders are common in PD with an estimated cumulative incidence of 46% after 5 
years [1]. A couple of publications tackle the issue of predicting ICDs in PD, but the lack of replication of these 
results deserve further investigations [2, 3]. 
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Methods: We used the Parkinson’s Progression Markers Initiative (PPMI) dataset in which ICDs were assessed 
using the Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease (QUIP) at each visit. Three 
scenarios were investigated for predicting the presence or absence of ICDs (1) at one given visit for each patient, (2) 
in a given range of years after baseline, and (3) at each visit for each patient. Clinical predictors consisted of age at 
PD onset, gender, psychological scores and treatment. Predictive performance of machine learning classifiers 
(logistic regression, support vector machine and random forest) was evaluated using cross-validation. 
Results: The three scenarios resulted in datasets consisting of 87 cases with ICDs and 261 without ICDs, 24 cases 
with ICDs and 196 without ICDs, and 80 (patient, visit) pairs with ICDs and 1285 without ICDs respectively. The 
mean area under the receiving operating curve was equal to 0.71, 0.66 and 0.65 for each scenario respectively for the 
best classifier. 
Conclusions: Predicting ICDs in PD is challenging. Using clinical modalities only resulted in a decent predicting 
performance that may be improved with other predictors such as genetic data. Evaluating the predictive performance 
unbiasedly is necessary to avoid any use of a model that performs much lower than expected in a clinical routine. 
References: [1] Jean-Christophe Corvol et al., “Longitudinal Analysis of Impulse Control Disorders in Parkinson 
Disease,” Neurology. 2018 Jul 17;91(3):e189-e201. [2] Julia Kraemmer et al., “Clinical-Genetic Model Predicts 
Incident Impulse Control Disorders in Parkinson’s Disease,” J Neurol Neurosurg Psychiatry. 2016 Oct;87(10):1106-
11. [3] Aleksander H. Erga et al., “Dopaminergic and Opioid Pathways Associated with Impulse Control Disorders 
in Parkinson’s Disease,” Front Neurol. 2018 Feb 28;9:109. 
 
 

369 
Treating Depression in Parkinson’s Disease: a Systematic Literature Review 
C. Farrell, T. Yousaf, M. Politis (London, United Kingdom) 
Objective: To elucidate the most acceptable and effective treatments for the management of depression in 
Parkinson’s disease (PD) using a systematic review approach. 
Background: Depression is frequently reported as a significantly debilitating co-morbidity by PD patients. The 
treatment of depression in PD has been examined in a number of studies, however, no general consensus on best 
clinical practise has been agreed upon by the medical and scientific community. Obtaining a clearer understanding 
of the most effective and tolerable treatments will result in better quality-of-life and prognoses for PD patients with 
depression. Moreover, this information may aid in the development of recognised guidelines for the treatment of 
depression in PD. 
Methods: A systematic review of studies, up to 31 December 2018, investigating the efficacy, efficiency and side-
effect profile of pharmacological and non-pharmacological treatments for depression in PD was undertaken. 
PubMed, Cochrane, Web of Science and MEDLINE databases were used to identify relevant randomised control 
trials, cohort studies and case-control studies for inclusion. 
Results: Evidence suggests that citalopram, paroxetine, venlafaxine, nortriptyline, desipramine and pramipexole 
may be effective pharmacological agents for the treatment of depression in PD, however, studies tended to be 
limited by small sample sizes and/or relatively short treatment periods. For non-pharmacological interventions, 
cognitive behavioural therapy and exercise seem effective, however, these therapeutic approaches appear to be more 
suitable in cases of mild-to-moderate depression. Moreover, given the demands of these options, they are likely 
better suited to patients with less advanced PD symptoms. ECT looks promising however, most available 
information comes from single-case studies in patients with severe and/or treatment-resistant depression. Alternative 
brain stimulation techniques, including DBS and TMS, have produced inconclusive and conflicting evidence. 
Conclusions: Although a number of different interventions for the treatment of depression in PD have been 
investigated, the existing literature is limited. To draw definitive conclusions, larger randomised control trials, 
examining all available antidepressant treatments and considering the heterogeneity of depression and PD, need to 
be undertaken. 
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370 
Isolated delusion in idiopathic Parkinson’s disease: particularities in a subgroup of patients 
A. Gonçalves, A. Delgado, J. Velosa, R. Simões, J. Vale (Loures, Portugal) 
Objective: Characterize the subgroup of Parkinson’s Disease (PD) patients with isolated delusions. 
Background: Psychotic features in patients with PD, especially delusions, usually are thought to be associated with 
disease progression and visual hallucinations, in a background of cognitive deterioration and dopaminergic therapy. 
Isolated delusions have been less frequently described and not well characterized, and seem to occur in a subgroup 
of PD patients that is distinct from those who develop visual hallucinations and dementia. 
Methods: PD patients followed by the authors between Jan 2014 – Jan 2018 at a movement disorders clinic were 
identified using the ICD9 code 3320. Charts were retrospectively reviewed to identify patients with isolated 
delusions.  Neurological and psychiatric interviews were performed, including MDS-UPDRS, MoCA, NPI and 
SCOPA-PC. 
Results: Of 127 patients with PD, 10 (7,9%) had isolated delusions and 8 were interviewed. These patients were 3 
male : 5 female, aged 66,1 (SD ± 11) years, age of onset of PD 58 years, mean duration of disease of 8 years, Hoehn 
& Yahr 2. Six patients had non-tremor dominant akinetic-rigid phenotype and 2 patients had tremor dominant 
phenotype. Levodopa equivalent dose was 530 mg and all except one were on dopaminergic agonists when 
delusions started. Mean MoCA score was 23. Delusions were paranoid (5) or jealousy (3) in nature. With dose 
reduction/interruption of dopaminergic agonists alone or with institution of antipsychotic treatment, 5 improved or 
resolved. At NPI we found moderate distressed caregivers (mean 3 and SD ± 1,9). 
Conclusions: As described in the literature, these PD patients who developed isolated delusions were younger, in an 
early stage of disease progression, non demented, and there was a clear relation to dopamine agonist therapy, with 
remission only in a small sample. These symptoms, which can be very disruptive for family and patient, are not 
recognized as a treatment complication, being vastly underdiagnosed. Active screening and family involvement may 
be key factor to early recognition, diagnosis and treatment. A study comparing this subset of PD developing 
delusions to PD patients with the same disease duration is needed, in order to identify susceptibility factors. 

371 
Defence Mechanism of Ego and Coping Strategy Style of the Patient with Parkinson’s Disease 
M. Kulsum, S. Choudhury, A. Ghosh, P. Ghosh (Kolkata, India) 
Objective: To find out the prevalence of different defence mechanism and coping strategies in the patients with 
PD.To find out the relationship between using of defence mechanism and coping strategies with cognitive 
impairment, disease severity and neuropsychiatric symptoms. 
Background: Parkinson’s disease (PD) is a neurodegenerative disorder characterised by bradykinesia, rest tremor, 
rigidity, & postural instability. Cognitive & psychiatric disorders are often co morbid with PD. These disorders may 
arise as a consequence of the disabilities, or arising as a result of the disease. Defense mechanism is a psychological 
strategy used unconsciously by people to cope with harmful or stressful situations. We use defence mechanisms to 
protect ourselves from feelings of anxiety or guilt, which arise because we feel threatened. Coping means to invest 
conscious effort to solve personal and interpersonal problems. 
Methods: We recruit 32 patients of PD according to the UK PD Brain Bank Criteria from department neurology of 
Sri Aurobindo Seva Kendra Hospital. UPDRS was used to assess the disease severity, cognitive impairment was 
assessed by ACE III, and NPI was utilized to estimate the prevalence of neuropsychiatric symptoms. Defence Style 
Questionnaire 40 and Coping Strategy Inventory were utilized to estimate the ego defence mechanism and Coping 
style respectively. 
Results: Mean age is found to be 63.69 (±5.28), 71.9% patients have cognitive impairment, mean mature, neurotic 
and immature defence were found to be 43.40 (±9.65), 49.21 (±7.61) and 178.53 (±19.43) respectively. Mean 
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engagement and disengagement score was found to be 51.06 (±3.82) and 56.21(±8.27) respectively. We found that 
those patients who have cognitive impairment and H&Y staging 2.5-4 using more immature defence mechanism and 
also using wishful thinking and problem avoidance coping strategies significantly more. 
Conclusions: Significant number of PD patients demonstrated on conscious and unconscious coping mechanisms, 
they often adopt immature defence, wishful thinking more, and also avoid anxiety provoking situations. Further 
multicentre with higher number of sample size needed to confirm our findings. 
References: 1. Clifton C. Addison, H. (2019). Psychometric Evaluation of a Coping Strategies Inventory Short-
Form (CSI-SF) in the Jackson Heart Study Cohort. 

372 
Impulse Control Disorder (ICD) in the Patient with Parkinson’s Disease (PD) 
M. Kulsum, S. Choudhury, A. Ghosh, P. Ghosh (Kolkata, India) 
Objective: To find out the prevalence of different ICDs in patient with PD 
To find out the relationship between cognitive functioning and disease severity with ICD. 
Background: Impulse control disorders (ICDs) are familiar psychiatric circumstances in which pretentious 
individuals reported significant impairment in social and occupational functioning. There is much evidence of ICDs 
but they remain poorly understood by general public, clinicians and person himself with disorder. Cognitive 
impairment, depression, psychosis are common neurobehavioral in PD but ICD also occurs not frequently. It may 
occur due to dopamine agonist, a personality style characterized by impulsiveness. 
Methods: We recruit 7 patients of PD according to the UK PD Brain Bank Criteria from department neurology of 
Sri Aurobindo Seva Kendra Hospital. UPDRS was used to assess the disease severity, cognitive impairment was 
assessed by ACE III and Questionnaire for Impulsive and Compulsive Disorder in Parkinson’s disease –Rating scale 
(QUIP-RS) was used to assess the impulse control disorder. 
Results: 5 (71.4%) patients have found to have ICD, among them eating, punding and PD medication were found 
more 5 (71.4%) in patients with PD. Those patients who have cognitive impairment 4 (80%), and severity in disease 
(H&Y 2.5-4) 3 (60%) are more to have ICDs. 
Conclusions: Significant number of PD patients demonstrated on impulsive and compulsive disorders, among all 
taking PD medications is more frequent ICD. Further multicentre with higher number of sample size needed to 
confirm our findings. 
References: 1. Sharma, A., Goyal, V., Behari, M., Srivastva, A., Shukla, G. and Vibha, D. (2014). Impulse control 
disorders and related behaviours (ICD-RBs) in Parkinson′s disease patients: Assessment using "Questionnaire for 
impulsive-compulsive disorders in Parkinson′s disease" (QUIP). Annals of Indian Academy of Neurology, 0(0), p.0. 
 

373 
Prospective study on impulsive-compulsive behaviours in early Parkinson’s disease 
V. Markovic, I. Stankovic, I. Petrovic, T. Stojkovic, V. Kostic (Belgrade, Serbia) 
Objective: To assess longitudinally impulsive-compulsive behaviours (ICBs) in a cohort of Parkinson's disease 
(PD) patients at the initial stage of the disease during 5 years of follow up. 
Background: ICBs in PD are debilitating disorders of repetitive, excessive and compulsive nature affecting up to 
one third of PD patients. Use of dopamine agonists (DA), earlier disease onset and more severe psychiatric 
symptoms are recognized as risk factors. 
Methods: We enrolled 231 subjects, 106 PD outpatients at the Hoehn&Yahr stage 1 and 125 matched healthy 
controls (HC). All participants were assessed for the presence of any ICB using the current criteria and a 
comprehensive clinical interview. Additionally, Questionnaire for Impulsive-Compulsive Disorders in PD (QUIP) 
was administered. At study entry, all participants underwent clinical, neuropsychological and psychiatric 
evaluations. Patients underwent same protocol at each consecutive visit (after 1, 2, 3 and 5 years). 
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Results: At baseline, 19.8% PD patients and 10.4% HCs had ICBs (p=0.061). PD-ICBs were more frequently male 
(p=0.030), had higher QUIP scores (p<0.001) and were more often treated with dopamine agonists (p=0.013) when 
comapred to PD-noICBs. When compared to HCs, all patients showed more psychiatric symptoms and worse 
cognitive performance. Furthermore, 20.7%, 22.1%, 25.9% and 29.2% patients had ICB after 1, 2, 3 and 5 years, 
respectively (p=0.023), with cumulative prevalence of 36.8% and significant difference between 2nd and 3rd year 
(p<0.001) and 3rd and 5th year of follow-up (p<0.001). At baseline, 21.1% PD-ICBs had multiple disorders 
increasing to 61.9% at year 5 (p=0.009). During time, we showed significant interaction of presence of ICBs and 
QUIP score (p<0.001) and motor UPDRS score (p=0.014). Logistic regression showed that DA treatment at baseline 
carried 5 times higher chances of having ICB anytime during study. Specifically, chance of pathological eating was 
16 times increased with DA treatment. Punding was more probable with higher levodopa equivalent doses at 
baseline and younger age. Male patients had 14 times more chances of hypersexuality. Compulsive buying was two 
times more probable in patients with depression at baseline and with younger age. 
Conclusions: Patients showed increasing frequency and complexity of most ICBs during follow-up period. High 
heterogeneity of ICBs was confirmed with specific risk factors identified for different types of ICBs. 

 

374 
Shedding light on the relationship between dyskinesia assessed by a wearable device and impulsive 
compulsive behaviour in Parkinson’s disease 
F. Morgante, A. De Angelis, C. Siri, M. Horne, A. Leake, D. Paviour, M. Edwards, L. Ricciardi (London, United 
Kingdom) 
Objective: To evaluate the relationship between the presence of dyskinesia objectively detected using a wearable 
device and the presence of active and past impulsive compulsive behaviour (ICB) in Parkinson's disease (PD). 
Background: ICB and dyskinesia are common and disabling complications occurring during the course of PD. 
Their pathophysiology is not clear yet, however an association has been recently suggested. 
Methods: We enrolled consecutive PD patients who presented at least motor fluctuations. Presence of dyskinesia 
was ascertained objectively through a wearable devise, the Parkinson’s KinetiGraph™ (PKG®). This is an 
accelerometry-based system for automated assessment of dyskinesia and motor fluctuations. Clinical rating of motor 
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symptoms and complications was also made by Unified PD Rating Scale (UPDRS) parts I-IV and Dyskinesia Rating 
Scale (DRS). Past and active ICB were diagnosed with a semi-structured interview. The Questionnaire for 
Impulsive-Compulsive Disorders in PD-Rating Scale (QUIP-RS) was employed to rate ICB severity. Clinical rating 
scales for depression, anxiety, apathy and impulsivity were also employed. 
Results: Among 55 enrolled PD subjects (36 males, mean age 60.7±6.7; mean disease duration 10.5±4.9), 25 (45%) 
had dyskinesia as per PKG ‘Percent Time in Dyskinesia’ score. Nineteen patients had ICB (34%). Patients with 
dyskinesia had higher dopamine-agonists equivalent daily dose (LEDD) (p=0.005), UPDRS-IV (p=0.02), DRS 
(p=0.002). Despite higher dopamine-agonists LEDD in dyskinetic patients, there was no difference in active/past 
ICB between subjects with and without dyskinesia (p=0.8 and 0.6). Moreover, the two groups did not differ by 
severity of depression, anxiety, apathy and impulsivity. When categorizing our cohort in 3 groups (none, 
mild/moderate and severe dyskinesia), we found no difference in any demographic, clinical, psychiatric and 
behavioural variable, except for LEDD dopamine-agonists (p=0.004), UPDRS-IV (p=0.06), DRS (p=0.004). Binary 
regression analysis did not show any association between the presence of dyskinesia and ICB, depression, anxiety, 
apathy and impulsivity. 
Conclusions: ICB and dyskinesia are common but unrelated disorders in PD. Our data, using a home-based 
wearable device, challenge the association between ICB and dyskinesia in an advanced PD population. 

375 
Differences in correlation with cardiac sympathetic denervation between depression and anhedonia in drug 
naïve Parkinson disease patients 
H. Murakami, T. Shiraishi, T. Umehara, S. Omoto, H. Motegi, R. Nakada, T. Sato, A. Onda, H. Matsuno, T. 
Komatsu, K. Bono, K. Sakai, H. Mitsumura, Y. Iguchi (Tokyo, Japan) 
Objective: To compare the correlation with some assessments of DAT scan and myocardial MIBG scintigraphy 
between depression and anhedonia in drug naive Parkinson's Disease (PD) patients. 
Background: Anhedonia is an element of depression, however both symptoms can emerge independently in PD. On 
the other hand, various symptoms in PD emerge depending on the distribution of pathological findings in nervous 
systems. DAT scan and myocardial MIBG scintigraphy are imaging biomarkers reflecting pathological findings of 
PD. 
Methods: Assessments of depression (Self-rating Depression Scale; SDS), anhedonia (Snaith-Hamilton Pleasure 
Scale; SHAPS), DAT scan (specific binding ratio for the striatum; SBR, and visual assessment grade of the shape of 
the lesion with striatal uptake) and myocardial MIBG scintigraphy (H/M ratio and washout rate) were performed in 
23 drug naïve PD patients. In addition to myocardial MIBG scintigraphy which assesses cardiac sympathetic 
nervous function, head-up tilt test up to 60° was also performed to assess cardiovascular autonomic nervous function 
and maximum percent decrease in systolic blood pressure within 3 minutes from tilt up was calculated. Spearman’s 
correlation coefficients among each assessment scores were compared. 
Results: There was no significant correlation between SDS and SHAPS (r=0.276, p=0.133). SDS and SHAPS did 
not correlate with any assessment of the DAT scan. SDS significantly correlated with H/M ratio of early image (r=-
0.550, p=0.007), that of delayed image (r=-0.546, p=0.007) and maximum percent decrease in systolic blood 
pressure (r=0.456, p=0.022). SHAPS correlated with no assessment of the myocardial MIBG scintigraphy nor the 
percent decrease in systolic blood pressure. Multiple regression considering SDS as the dependent variable and 
patient background factors (above mentioned parameters, age, disease duration, Hoehn and Yahr scale, Unified 
Parkinson’s Disease Rating Scale; UPDRS, Mini-Mental State Examination; MMSE, Montreal Cognitive 
Assessment; MoCA) as the independent variables showed no factor directly correlated with SDS. 
Conclusions: Depression, but not anhedonia, indirectly correlate with cardiac sympathetic dysfunction. Depression 
and anhedonia may have different pathophysiological background in drug naïve PD patients. 
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376 
The association parkinsonism and psychotic symptom in neurosyphilis 
s. NAFIA, N. LOUHAB, M. CHRAA, N. KISSANI (MARRAKECH, Morocco) 
Objective: To report the cases of neurosyphilis revealed by the association parkinsonism and psychotic symptom. 
Background: The NS is the "great imitator" because it can imitate many types of medical conditions. Most 
manifestations of NS are potentially reversible. In front the association of psychotic symptoms and parkinsonism we 
must think about neurosyphilis. 
Methods: Authors analyzed retrospectively observations of neurosyphilitic, collected in the neurology department 
of the Mohammed VI hospital in Marrakech (Morocco) over a period of 18 years (between 2000 and 2018) 
;Diagnostic criteria was based on positive syphilis serology (TPHA, VDRL) in the blood and in the CSF with the 
presence of psychotic symptom and parkinsonism. 
Results: 10 patients of all patients with NS in this period (94 patients) had psychotic symptoms and parkinsonism 
(10,6%).The 10 patients was males; their Mean age was 43 years (range 33 to 60 years).Sexual risk behaviors were 
found at 63% of patients; Syphilitic chancre had been noticed in 38 % of patients; none of the patients had a family 
history of psychiatric disorders in their first degree relatives, the mean latency between onset of symptoms and 
consultation was 19 months. In 2 patients the parkinsonism revealed the neurosyphilis and in 8 patients the 
neurosyphilis was revealed by psychotic symptoms. Minimental state of Folstein was performed in all patients; it 
varied from 4/24 to 26/30. Diagnosis was established with positive TPHA (Treponema Pallidum Hemagglutinations 
Assay) and VDRL (Venereal Disease Research Laboratory) in cerebrospinal fluid (CSF). Both CT (Computed 
tomography) scan and cerebral MRI (Magnetic resonance imaging) showed in the majority a cortical atrophy. 
Treatment was based on aqueous sodium Penicillin G, with cures of 30 Million units per day repeated 4 times each 
three months. After a mean follow-up of 2 years, symptoms improved in 8, in 2 patients symptoms were stabilized. 
Conclusions: The combination of parkinsonism and psychotic symptoms should push us to do test for syphilis. 
Treatment with anti-syphilis may be effective, especially in early stage. 

377 
Psychosis in Prodromal Parkinson’s disease 
I. Pachi, M. Maraki, M. Kosmidis, M. Yannakoulia, E. Dardiotis, G. Hadjigeorgiou, P. Sakka, G. Xiromerisiou, M. 
Stamelou, N. Scarmeas, L. Stefanis (Athens, Greece) 
Objective: To investigate a possible association between psychosis and prodromal Parkinson’s disease (PD) in a 
population-based cohort, the Hellenic Longitudinal Investigation of Aging and Diet study (HELIAD). 
Background: Some case series have suggested that psychosis could occur even before the onset of cardinal motor 
symptoms of PD. However, few studies have focused on the analysis of psychosis in the general population and its 
association with the probability of prodromal PD. 
Methods: This study included HELIAD participants aged ≥65 years without dementia and PD. We defined 
psychosis as the presence of at least one hallucinatory or delusional feature ascertained using the Neuropsychiatric 
Inventory scale and the Columbia University Scale for Psychopathology in Alzheimer's Disease scale. We 
calculated the probability of prodromal PD for every participant at baseline and at 3-year follow-up, according to the 
International Parkinson and Movement Disorders Society (MDS) research criteria. Associations between psychosis 
and the probability of prodromal PD were tested using linear regression models adjusted for potential confounders 
(years of education, socioeconomic status, clinical comorbidities). 
Results: Prevalence of psychosis at baseline was 2.8% (50 of 1805) and 6.4% (65 of 1010) at 3 year-follow up. 
After having excluded individuals with psychosis at baseline, participants who had transitioned to psychosis over the 
3-year follow up (57 of 937) had approximately 40% higher probability of prodromal PD (OR [95%CI]: 1.398 
[1.003, 1.947], p=0.048) compared to those without psychosis. This association was driven mostly by the non-motor 
markers of prodromal PD, depression, anxiety disorder, constipation and orthostatic hypotension (p<0.05). 
Conclusions: Based on the assessments at the 3-year follow-up, it appears that emerging mild psychotic features 
evolve in parallel with prodromal PD.  This suggests that such mild psychotic features may be part of the prodromal 
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phase of the disease. The association detected, albeit significant, is characterized by limited statistical power, and 
needs to be confirmed in longitudinal studies in similar population cohorts. Ideally, such studies would include more 
details on the psychiatric history of the participants and more longitudinal neuropsychiatric assessments. 
References: 1) Subramaniam M et al: Prevalence of psychotic symptoms among older adults in an Asian 
population. Int Psychogeriatr. 2016; 28:1211-20. 2) Pagonabarraga J et al.: Minor Hallucinations Occur in Drug-
Naive Parkinson’s Disease Patients, Even From the Premotor Phase. Mov Disord. 2016; 31:45-52. 3) Basile N. 
Landis, Pierre R. Burkhard: Phantosmias and Parkinson Disease. Arch Neurol. 2008; 65:1237-1239. 4) Takamura S, 
et al: Schizophrenia as a prodromal symptom in a patient harboring SNCA duplication. Parkinsonism Relat Disord. 
2016; 25:108-9. 5) Navarro-Otano J, et al: Alpha-synuclein aggregates in epicardial fat tissue in living subjects 
without parkinsonism. Parkinsonism Relat Disord. 2013; 19:27-31. 6) Maraki MI, Yannakoulia M, Stamelou M, et 
al: Mediterranean diet adherence is related to reduced probability of prodromal Parkinson's disease. Movement 
disorders: official journal of the Movement Disorder Society 2019; 34(1):48-57. 7) Berg D, Postuma RB, Adler CH, 
et al: MDS research criteria for prodromal Parkinson's disease. Movement disorders: official journal of the 
Movement Disorder Society. 2015; 30(12):1600-11. 

378 
Dopamine agonist withdrawal syndrome in Sardinian patients affected by Parkinson's disease 
P. Paolo, R. Pau, G. Orofino, T. Ercoli, F. Marrosu, G. Defazio (Monserrato, Italy) 
Objective: The aims of this study was to determine the frequency of Dopamine agonist (DA) withdrawal syndrome 
(DAWS) in a sample of Sardinian patients with Parkinson's disease (PD). 
Background: DAWS is a complication that affects PD patients. DAWS is defined as a severe, stereotyped cluster of 
physical and psychological symptoms related to DA tapering, Although DAWS may cause clinically significant 
distress or social/occupational dysfunction, it is scarcely investigated. Currently there are no standard treatments for 
this disorder, whilst early recognition of risk factors appears significant for its prevention. 
Methods: 278 (169 male) PD patients outpatients on DA treatment from the Movement Disorders Center of the 
University of Cagliari were included in the study. DAWS diagnosis was made according with proposed criteria of 
Rabinak e Niremberg1. All the causes of DA reduction/suspension was registered. Presence of impulse control 
disorders (ICDs), dopamine dysregulation syndrome, and other behavioral/neuropsychiatric disorders was also 
investigated. Levodopa Equivalent Daily Dose (LEDD) was registered. 
Results: Mean age of the sample was 69.4±8.6 years. Mean disease duration was 8.9 ± 5.5. Among different DAs, 
165 patients (59.3%) were on pramipexole, 73 patients (26.3%) were on rotigotine, and 64 patients (23.0%) were 
receiving ropinirole. 22 patients (7.9%) were on treatment with more DAs. Of these 278 subjects treated with a DA, 
111 underwent subsequent DA reduction/suspension (39,93%). Among causes of DA reduction/suspension, the most 
important was the presence of ICDs (26.1%), followed by psychoses (22,5%). Among these 111 subjects, 10 (9%) 
developed DAWS. Only 4 subjects with DAWS had baseline DA-related ICDs, while the remaining 6 patients did 
not have a history of ICDs. DAWS development was mainly related to DA dosage before the suspension (280,5 ± 84 
mg in patients with DAWS vs 109,2 ± 113 mg in patients without DAWS, p<0,001). 
Conclusions: DAWS represents a possible psychiatric-behavioral complication in PD patients, although often not 
adequately investigated. Physicians should assess and contol patients closely when tapering DAs to prevent this 
disabling syndrome. 
References: 1) Rabinak CA, Nirenberg MJ. Dopamine agonist withdrawal syndrome in Parkinson disease. Arch 
Neurol. 2010 Jan;67(1):58-63. 

379 
Automated assessment of bradykinesia in patients with severe depression undergoing electroconvulsive 
therapy 
A. Powell, D. Graham, J. Snowdon, M. Hayes (Sydney, Australia) 
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Objective: To investigate the role of automated assessment of bradykinesia through use of the Parkinson’s 
KinetiGraph (PKG) device in patients with severe depression undergoing electroconvulsive therapy (ECT) and 
review correlations with depressive symptomatology and treatment response. 
Background: Bradykinesia is a key feature of Parkinson’s disease and is an interesting parallel to the psychomotor 
retardation that may be seen in major depression. Psychomotor retardation has been correlated with the severity of 
depression and is a predictor of response to ECT. Psychomotor retardation has typically been assessed by subjective 
clinical judgement including clinical rating scales. The PKG device allows for an objective assessment of motor 
symptoms over time and has not been used previously in depression. 
Methods: Inpatients with severe major depression planned for ECT were recruited from the Concord Centre for 
Mental Health. Participants were instructed to wear the PKG for 5 to 7 days prior to the commencement of ECT, at 
the midpoint of the course of treatment and at the end of the course. The Montgomery-Asberg Depression Rating 
Scale (MADRS), CORE score and Clinical Global Impression (CGI) were used for clinical correlation before, 
during and after the course of treatment. The CORE measure was designed to assess signs of psychomotor 
disturbance as a central feature of melancholia. 
Results: All patients but one exhibited bradykinesia at baseline compared to proprietary control data but total 
activity levels varied. The patient who did not have bradykinesia had severe agitated depression. The bradykinesia 
severity otherwise correlated with clinical severity of depression as assessed by the MADRS and CGI. The CORE 
measure of melancholia correlated with bradykinesia severity in most patients. The MADRS could not be performed 
for two patients due to non-communicativeness in the setting of severe depression and they had two of the highest 
bradykinesia scores. Bradykinesia scores correlated with clinical response in all patients including one whose 
condition worsened and one who plateaued. 
Conclusions: The PKG is a useful objective measure of psychomotor retardation in patients with severe depression, 
particularly those who are difficult to assess clinically due to decreased communicativeness. It may help track 
response to treatment and provides some insight to the varied symptomatology seen in depression. 
References: 1. Griffiths RI, Kotschet K, Arfon S, Ming Xu Z, Johnson W, Drago J et al. Automated Assessment of 
Bradykinesia and Dyskinesia in Parkinson’s Disease. Journal of Parkinson’s Disease 2012(2);47-55. 2. Winkler D, 
Pjrek E, Lanzenberger R, Baldinger P, Eitel D, Kasper S et al. Actigraphy in patients with treatment-resistant 
depression undergoing electroconvulsive therapy. Journal of Psychiatric Research 2014;57:96-100. 3. Averill IRE, 
Crowe M, Frampton CM, Beaglehole B, Lacey CJ, Jordan J et al. Clinical response to treatment in inpatients with 
depression correlates with changes in activity levels and psychomotor speed. Aust NZ J Psychiatry 2018;52(7):652-
659. 

380 
Frequency of neuropsychiatric symptoms in non-demented early and late-onset Parkinson’s disease patients 
A. SEUBERT-RAVELO, M.G. Yáñez-Téllez, G. Neri-Nani, X. Ortiz-Jiménez, C. Guerra-Galicia (Estado de México, 
Mexico) 
Objective: To compare the frequency of neuropsychiatric symptoms (NPS) (depression, anxiety, psychotic, 
irritability, aggression, euphoria, apathy, behavioral disinhibition, repetitive motor behavior (RMB) and eating 
disorder) between early (EOPD) and late-onset PD (LOPD). 
Background: NPS are common in PD and have a great impact on other variables, including QoL, motor and 
cognitive function and even eligibility for medical and surgical treatments. Although EOPD and LOPD share key 
motor features, not only can they differ in neurobiological variables, but also in psychosocial and pharmacological 
treatment variables that could all result in differential frequency of NPS in both phenotype groups. 
Methods: We used the Beck Depression and Cummings Neuropsychiatric Inventories; 136 EOPD and 57 LOPD 
non-demented patients were studied. 
Results: Groups were similar in education level, activities of daily living, UPDRS III scores, and premorbid IQ. 
Groups differed in age (<.001), age at onset (<.001) and disease duration (.03). Frequency of NPS in EOPD and 
LOPD was as follows, respectively: depression (44% vs. 39%), specifically moderate-severe depression (17.6% vs 
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9.8%), although depression was reported by family members only in 25% of LOPD patients. Most frequently 
reported by family in EOPD were aggression (27 vs. 9%), depression (52 vs. 25%), anxiety (56 vs. 31%), euphoria 
(17 vs. 4%) and repetitive motor behavior (20 vs. 9%), whereas most frequently reported in LOPD were delusions 
(18 vs. 8%), hallucinations (22 vs. 10%) and apathy (34 vs 29%). Disinhibition, irritability and eating disorders had 
similar frequency in both groups (18%,33%, and 38%, respectively). In EOPD patients, compulsive or overeating 
were more commonly reported, whereas in LOPD loss of appetite was more common. 
Conclusions: Frequency of specific NPS differs between EOPD and LOPD patients. Symptoms commonly 
associated to greater progression of PD pathology were more common in LOPD (apathy and psychotic symptoms), 
despite shorter disease duration, which suggests that age related factors could be relevant contributors. Aggression, 
euphoria and repetitive motor behavior in the EOPD sample could be symptoms related to ICD´s and dopamine 
dysregulation, given that this group was more commonly treated with dopamine agonists (pramipexole) and had 
greater daily doses of levodopa. 

381 
Prevalence and risk factors for impulsive compulsive behaviors in a cohort of Parkinson’s disease patients 
S. Simoni, N. Tambasco, P. Eusebi, P. Nigro, E. Brahimi, F. Paolini Paoletti, M. Filidei, G. Cappelletti, P. 
Calabresi (Perugia, Italy) 
Objective: Objective of the study was to analyze the risk factors for the development of these behaviors. 
Background: Impulsive compulsive behaviors (ICBs) are a frequent complication in Parkinson’s disease (PD), 
occurring in up to 20% of PD patients [1]. These disorders have a significant impact on quality of life, straining 
relationships, and worsening caregiver burden. 
Methods: 251 PD patients receiving outpatient care at our Centre were consecutively enrolled. After clinical data 
were collected, each patient underwent a quick interview to determine whether or not they were suitable for ICBs 
diagnosis. Then QUIP, BIS, MoCA, AES and Olfactory Identification Test (IOIT) were administered to all the 
patients. Reliability of the Italian version of the Questionnaire for Impulsive and Compulsive Behaviors (QUIP) was 
also tested. 
Results: The prevalence of ICBs was 31.1%. Age of disease onset (p < 0.001), longer PD duration (p< 0.001) and 
Hoehn & Yahr stage (p=0.020) were related to QUIP positivity. No significant correlation with non-motor 
symptoms were found, including apathy (AES), cognitive deficits (MoCA) or olfactory dysfunction. Regarding 
dopamine replacement therapy, total daily dosage of levodopa (p = 0.017), dopamine agonists (OR=1.8 95%CI=1.0-
3.2) as well as entacapone use (OR=2.8 95% CI=1.1-7. 4) were associated with higher risk of developing ICBs. I-
QUIP test-retest reliability was demonstrated. 
Conclusions: Dopamine replacement therapy is associated with increased odds of having ICBs. Other significant 
risk factors included younger age, longer disease duration and a more severe disease presentation. No correlation 
with the non-motor features analyzed was found. 
References: [1] Weintraub D, Koester J, Potenza MN, et al. Impulse control disorders in Parkinson disease: a cross-
sectional study of 3090 patients. Arch. Neurol. 2010;67(5):589-595. 

382 
Neuropsychiatric clusters in patients with Parkinson’s disease and their clinical and demographic correlates 
M. Sommerauer, C. Schedlich-Teufer, P. Reker, E. Kalbe, J. Kessler, M. Barbe (Köln, Germany) 
Objective: To assess clusters of neuropsychiatric symptoms in Parkinson’s disease and their relation to motor 
symptoms and demographic markers in a large PD cohort. 
Background: Neuropsychiatric symptoms are highly present in PD patients and might occur in specific clusters of 
symptoms. Characteristic motor phenotypes, medication regimes or social factors might prompt expression of 
specific clusters. 
Methods: Retrospective data analysis of 350 consecutive PD patients who underwent standardized neuropsychiatric 
work-up. From this cohort, 219 patients had complete assessment including assessment of depression and anxiety 
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(HADS), impulse control disorders (QUIP), mania (MSS), and cognition (MMST), and were interrogated with 
hierarchal cluster analysis using the Ward-method. Resulting clusters were tested for differences in demographic, 
education and PD related factors including disease stage, UPDRS III in ON and OFF state, motor subtyping and 
type and amount of dopaminergic therapy using parametric and non-parametric tests as appropriate using SPSS 
version 25. 
Results: We identified 4 clusters: 1) neuropsychiatricly unaffected (n = 59), 2) cognitively impaired (n = 24), 3) 
with impulse-control disorder (n = 45), and 4) patients with a mixed profile (“mixed”, n = 91). Neuropsychiatricly 
unaffected patients showed symptoms in none of the examined domains (p < 0.001); cognitively impaired patients 
exhibited lowest performance in MMST (24.3 ± 3.3, p < 0.001) and showed anxious (9.0 ± 2.7, p < 0.001 compared 
to cluster 1 and 4) and depressive symptoms (10.1 ± 2.8, p < 0.001). Patients with impulse-control disorder were 
characterized by high values in the QUIP (34.1 ± 13.0, p < 0.001) and anxious (9.5 ± 3.1, p < 0.001 compared to 
cluster 1 and 4) and depressive symptoms (7.3 ± 3.1, p < 0.001). Cognitively impaired patients tended to have more 
severe disease stage (3.3 ± 0.9 vs. 1) 2.7 ± 1.0 vs. 3) 2.6 ± 0.9 vs. 4) 2.5 ± 0.8, p = 0.54) and had lower education (p 
= 0,047). We did not find significant differences in other PD related factors between clusters. 
Conclusions: PD patients´ neuropsychiatric profiles can be subtyped into different clusters. Anxiety and depression 
are common comorbid symptoms in patients with cognitive impairment and with impulse-control disorder. More 
severe disease stage (PD specific) and lower education (PD non-specific) are associated with cognitive impairment 
in PD. 

383 
Diagnosis and management strategies used in series of Parkinson’s disease patients who experienced 
subthalamic nucleus deep brain stimulation induced mood elevation 
L. Spiegel, J. Weinstein, J. Ostrem, A. Seritan (San Francisco, CA, USA) 
Objective: To describe the diagnosis and management of deep brain stimulation-induced elevated mood states. 
Background: Deep brain stimulation (DBS) is an FDA-approved surgical treatment option for movement disorders 
including dystonia, essential tremor, and Parkinson’s disease (PD). Subthalamic nucleus (STN) DBS has been linked 
to rare but potential psychiatric complications, warranting a thorough preoperative evaluation and risk assessment. 
DBS-associated psychiatric complications can include mood lability, elevated mood states, irritability, depression, 
impulsivity, suicidal ideation or behavior, and psychosis. DBS-induced elevated mood states (previously described 
as mania/hypomania or “mirthful laughter”) can pose diagnostic and treatment challenges [1]. 
Methods: Three advanced male PD patients experiencing motor fluctuations and treated with STN DBS all 
experienced clear STN DBS-induced mood elevated states after adjustments to the DBS programming settings. 
Results: Mood elevation presented as impulsivity, psychomotor agitation, irritability, rapid speech, and lack of 
empathy. Two of the patients had an impulse control disorder before DBS surgery. Elevated mood occurred acutely 
after crossing a “stimulation” threshold (usually using monopolar stimulation mode) and was reproducible. 
Management strategies included reduction of stimulation amplitude, reprogramming, and elimination of amantadine. 
Reverting to previous settings resulted in re-emergence of these behaviors. 
Conclusions: Appropriate diagnosis and management of these rare patients experiencing DBS-induced elevated 
mood state is complex and best handled by a multidisciplinary team.  Risk factors may include – previous history of 
ICD and family history of Bipolar Disorder. Management strategies include DBS setting adjustments, behavioral 
strategies, and mood stabilizers which typically result in resolution of these symptoms [1,2].  
References: 1. Wu X, Qiu Y, Simfukwe K, et al. Programming for Stimulation-Induced Transient Nonmotor 
Psychiatric Symptoms after Bilateral Subthalamic Nucleus Deep Brain Stimulation for Parkinson's Disease. 
Parkinsons Dis 2017;2017:2615619 2. Seritan AL, Ureste PJ, Duong T, Ostrem JL. Psychopharmacology for 
patients with Parkinson’s disease and deep brain stimulation: Lessons learned in an academic center. Curr 
Psychopharmacol 2019;8:41-54. 
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384 
Acute, contact-dependent behavioral changes in Parkinson disease (PD) patients during monopolar contact 
review of subthalamic deep brain stimulation (DBS) using directional leads 
C. vander Linden, C. Bogaert, D. Colle, H. Colle (Ghent, Belgium) 
Objective: To describe distinctive acute behavioral changes that occurred during monopolar review in PD patients 
implanted with DBS directional leads, operated consecutively over 12 months. 
Background: Psychiatric adverse events (AEs) are the second most common type during deep brain stimulation 
(DBS). Directional leads for DBS are a recent advance in movement disorders such as Parkinson’s disease (PD). 
Their segmented structure allows current steering, which can shape stimulation and potentially optimize clinical 
benefits while minimizing AEs. 
Methods: Preoperative screening of 23 PD patients indicated no psychiatric history, cognitive scores ≥25/30, and 
depression score ≤ 16 (BDI). Identification of probable spots responsible for the AEs and visualization of the STN-
associated anatomical pathways i.e. white matter tracts (WMTs) and the volume of tissue activated with the settings 
that caused behavioral changes were determined using preoperative MRI, DTI, postoperative CT, Brainlab 
Elements, and Guide™ XT. 
Results: During postoperative monopolar review, four patients presented behavioral AEs with severity varying 
between and within each patient. Stimulating distal contacts mostly resulted in acute sleepiness. Gradually moving 
stimulation to higher contacts resulted in various behavioral manifestations (e.g., hyperemotional crying, 
uncontrolled laughter, disinhibition), but spontaneous euthymia when stimulating at proximal contacts. AEs were 
more intense when stimulating the right side. The images obtained indicated that the distal contacts and part of the 
first level of the segmented electrode were located in the substantia nigra and in the vicinity of WMTs. 
Conclusions: Contact-dependent behavioral symptoms are possible and certain DBS settings may cause 
reproducible and radically different behavioral changes. The mechanism behind these phenomena is currently 
unclear, but the substantia nigra and/or WMTs seem to be implicated.  Further studies are needed to clarify our 
observations. 
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385 
Apathy: Clinical Correlates in Parkinson’s disease Psychosis 
Y.M. Wan, D. van Wamelen, V. Leta, D. Trivedi, A. Podlewska, T.S. Lee, E.K. Tan, D. Aarsland, K. Chaudhuri 
(London, United Kingdom) 
Objective: To determine the frequency and clinical correlates of apathy in Parkinson’s disease (PD) psychosis. 
Background: The underlying pathology of apathy in PD psychosis, itself associated with reduced quality of life [1], 
is poorly understood, and represents an unmet need. 
Methods: We analysed data from an ongoing single-centre cross-sectional psychometric scale development study in 
PD (Psy-PD; IRAS ID 229095), where 34 patients with PD psychosis (comprising of minor hallucinations, major 
hallucinations, and delusions) were assessed with the Starkstein’s Apathy Scale (AS), the Non-Motor Symptom 
(NMSS), Hospital Anxiety and Depression (HADS), Epworth Sleepiness (ESS), Montreal Cognitive Assessment 
(MoCA), Hoehn and Yahr, the Unified PD Rating (Motor Section; UPDRS III), and the PD Quality of life (PDQ-8) 
scales. These AS outcome measures were correlated with other clinical characteristics, using Spearman rank 
correlations. 
Results: Overall, 58.5% of patients had apathy (AS score of ≥ 14), overlapping considerably with depression as 
expected; 38.2% had apathy alone. AS score was significantly associated with the total NMSS, HADS (depression 
and anxiety), ESS and PDQ8 scores, even after correction for multiple testing (p≤0.008). None of the following was 
associated with AS apathy: current age, age at PD diagnosis, Hoehn and Yahr, disease duration, use of selective 
serotonin reuptake inhibitors (SSRIs), or the MoCA score. 
Conclusions: Our findings suggest that apathy may have a significant influence on quality of life and other clinical 
characteristics in PD patients with psychosis; more severe apathy appeared to be associated with high non-motor 
symptom burden, excessive daytime sleepiness, high anxiety and depression level, along with reduced quality of 
life. 
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References: Holroyd S, Currie L, Wooten GF. Prospective study of hallucinations and delusions in Parkinson’s 
disease. J Neurol Neurosurg Psychiatry. 2001;70(6):734-738. 
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Functional Motor Symptoms in Parkinson’s Disease, and Functional Parkinsonism: A Systematic Review 
M. AMBAR AKKAOUI, P. Geoffroy, E. Roze, B. Degos, B. Garcin (Bobigny, France) 
Objective: This following review aims to clarify the link between functional and organic parkinsonism, in order to 
improve the understanding of functional symptoms in PD. 
Background: Parkinson’s disease (PD) and functional neurological disorders are common neurological disorders, 
usually considered as distinct and non-overlapping. However, recent studies showed that functional symptoms and 
PD co-occur in 1.4 to 7 % of patients with PD [1], [2]. Accurate diagnosis of PD with functional neurological 
disorder is critical, since functional symptoms in PD may lead to significant disability, escalation of anti-
parkinsonian treatment, request for alternative therapy such as deep brain stimulation, and poorer quality of life [2]. 
Moreover, correct identification of functional symptoms in PD might improve the knowledge about pathophysiology 
and potential common mechanisms involved in both diseases [3]. 
Methods: Following the PRISMA guidelines, we performed a systematic literature search using the PubMed 
database and Science Direct until December 2018, to identify studies of patients suffering from either functional 
parkinsonism or Parkinson's disease associated with functional symptoms. 
Results: From the 844 articles screened, we retained 22 studies including 12 about functional neurological 
symptoms in PD, and 16 about functional parkinsonism. Functional symptoms in PD studies examined a total of 121 
patients including 69 women (57%) with a mean age of 61.3-year-old. Psychiatric history (mostly depression) and 
exposure to triggering stressors were frequent: 60 and 80.5% respectively. The most common symptom was tremor 
(n=42, 34.7%), most often located on the most PD-affected side as (50 % (n=38)). Studies about functional 
parkinsonism examined a total of 120 patients with 62.1% women and a mean age of 50.7 year-old. Half of these 
patients had the first prodromal symptoms about 5 years earlier, and half had an acute onset. 68% had a psychiatric 
history and 46.8% were exposed to triggering stressors, such as physical injury, stress at work, and/or loss of 
family/friends. 
Conclusions: This review shows a strong relationship between PD and functional parkinsonism, and highlights the 
importance to search for functional symptoms. 
References: [1] M. Onofrj et al., « Updates on Somatoform Disorders (SFMD) in Parkinson’s Disease and 
Dementia with Lewy Bodies and discussion of phenomenology », J. Neurol. Sci., vol. 310, no 1-2, p. 166-171, nov. 
2011. [2] B. D. Wissel et al., « Functional neurological disorders in Parkinson disease », J. Neurol. Neurosurg. 
Psychiatry, vol. 89, no 6, p. 566-571, june 2018. [3] I. Pareés et al., « Functional (psychogenic) symptoms in 
Parkinson’s disease: Functional Symptoms in Parkinson’s Disease », Mov. Disord., vol. 28, no 12, p. 1622-1627, 
oct. 2013. 

387 
Functional stiff person like disorders: clinical features and red flags 
B. Balint, A. Jha, M. Edwards, H.M. Meinck, K. Bhatia (London, United Kingdom) 
Objective: To delineate the characteristics and distinguishing features of functional stiff person-like disorders 
(fSPLD). 
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Background: Stiff person spectrum disorders (SPSD) are a group of rare autoimmune disorders, characterised by 
fluctuating stiffness, spasms, and hyperekplexia. 
The presentation of SPSD - the wooden, stiff-legged gait, the fear of walking unaided, the fluctuating nature of 
stiffness, and often the lack of other, “objective neurological signs” - can appear “bizarre” and leads frequently to an 
erroneous diagnosis of a functional neurological disorder. Conversely, we have seen several patients with functional 
“stiff-person-like” phenotypes, which were erroneously diagnosed and treated as organic SPSD. 
Methods: Retrospective dual-site case-control notes review of fSPLD with matched SPSD patients as controls. 
Participants were recruited from 2 centres (London and Heidelberg).  fSPLD patients have been referred with a 
suspected diagnosis of SPSD. fSPLD was defined by the diagnostic criteria for a clinically definite functional 
movement disorder. 
Results: From 2014-2018, we (BB, KB) have seen 13 patients with a suspected diagnosis of SPSD. Four patients 
had in fact fSPLD, thus accounting for one third of referrals in one tertiary referral centre. Similar to organic SPSD 
where there are forms with dominant stiffness and predominantly myoclonic forms (“jerking stiff man”), we saw 
two main and equally frequent phenotypes in fSPLD: half of the patients had stiffness and spasms as main 
presentation; in the other half, stimulus-sensitive jerks and exaggerated startle were the dominating features. Some 
of the stiff-person core symptoms reported or exhibited by fSPLD patients resembled those seen in organic SPSD, 
such as a stiff legged-gait, trunk extension or opisthotonus during attacks, and painful spasms. Clinical 
characteristics particular to fSPLD included a “flexion pattern” of stiffness, functional jerks, or a co-contracting 
tremor. Additional functional symptoms (i.e., a functional gait disorder or speech disorder, dissociative disorder) 
were present in two thirds of the patients. 
Conclusions: fSPLD represent a relevant differential diagnosis. Knowledge of the clinically distinguishing features 
and the role of ancillary testing is key for distinguishing fSPLD from SPSD, and initiating the appropriate treatment. 

388 
Clinical hypnosis in functional movement disorders: a potential therapeutic strategy 
C. Buiza-Aguado, C. Ordas-Bandera, M. Guillan-Rodriguez, J. del Val, P.J. Garcia Ruiz-Espiga, J.C. Martinez-
Castrillo, I. Parees-Moreno, A. Alonso-Canovas (Madrid, Spain) 
Objective: To present a patient with a functional movement disorder who was successfully treated with clinical 
hypnosis. 
Background: Functional movement disorders (FMD), specially fixed dystonia, may be severe and disabling, with 
scarce therapeutic options. Clinical hypnosis has proven efficacious for 
certain psychosomatic conditions, but has been only anecdotally reported in FMD. 
Methods: Case report. 
Results: A 38 year-old male presented with neck pain and rigidity, with marked worsening three months after a 
osteopathic procedure. It evolved to a severe fixed right anterolaterocollis, 
persisting during sleep, with pressure injuries in the chest. Blood tests and craniocervical magnetic resonance were 
non-contributory. Botulinum toxin at high 
doses provided only a mild relief of pain. Fifteen months after onset, a functional component of cervical dystonia 
was diagnosed, on the basis of clinical features, especially an 
early fixed posture, and minor trauma as a trigger. The diagnosis was thoroughly discussed with the patient. Basal 
Toronto Western Spasmodic Torticollis Rating 
Scale(TWSTRS) was 68(31/35 severity,24/30 disability,13/20 pain). Exploration under sedation ruled out fixed 
contractures, and suggestibility traits were observed in clinical 
examination. Clinical hypnosis with emphasis in self-hypnosis was scheduled on videotaped 30 minute weekly 
sessions, and the clips were shared with the patient for 
feedback. A sustained improvement (TWSTRS 41.2; 18/35; 17/30; 6.2/20 at 3 months; 35.2; 12/35, 17/30, 6.2/20 at 
22 months) was ascertained, maintaining botulinum toxin 
injections at a lower doses and autohypnosis exercises. 
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Conclusions: Functional overlay in neurological disorders is not uncommon, and may be diagnosed positively on 
clinical grounds. Early detection and management may impact prognosis. 
Clinical hypnosis may provide sustained and significant benefit in suggestible subjects. 

389 
Clinical spectrum of Functional Movement Disorders: A clinic based study from a developing country 
D. DASH, M. Tripathi, R. SINGH (DELHI, India) 
Objective: We did a retrospective record review to determine the proportion of patients with functional MD visiting 
our clinic and to characterize the phenomenology of these MD. 
Background: Functional movement disorders(MD) are not uncommon in patients presenting to the movement 
disorder clinics. Detailed clinical evaluation along with electrophysiological tools helps in making a diagnosis of 
functional MD. We did a retrospective record review to determine the proportion of patients with functional MD 
visiting our clinic and to characterize the phenomenology of these MD. 
Methods: Medical records of patients visiting the movement disorder clinic over a period of one year of a tertiary 
referral center were screened and patients who had a diagnosis of functional Movement disorder was extracted. 
Patient’s records were evaluated and patients who fulfilled the diagnostic criteria of functional movement disorder 
were included in the study.(1) Diagnosis of functional MD was based on clinical testing and or electrophysiological 
study. The clinical features, phenomenology of MD, and response to treatment was recorded. 
Results: Of 336 patients, 22 patients were fulfilling the criteria of functional MD. There was a female dominance 
with 14 patients being female. The age ranged from 14 years to 56 years and mean age was 31.54 ± 12.52 years. The 
most common MD phenomenology was tremor (45.4%), gait disorder (22.7%) and dystonia (22.7%). One patient 
could not be categorized into established phenomenology. A stressor was present in 8(36.4%) patients and 
depression was found as a comorbidity in 54.5% patients. Symptoms of other systemic diseases was encountered in 
5(22.7%).The onset of MD was abrupt in 14 (63.6%).The most common body part involved were the limbs(14, 
63.6%) with asymmetrical involvement, head(3,13.6%) ,face (2,9%), neck (2,9%) and trunk (2,9%). Ten patients 
had more than one body part involved on presentation. After treatment of comorbid psychiatric illness and 
counseling , 15 patients (68.1%)had improvement and 6 did not have significant improvement. 
Conclusions: Functional MD are an important differential in patients presenting to movement disorder clinic. A 
large proportion patients have comorbid psychiatric illness. Tremor was the most common MD phenomenology 
encountered in our clinic. Treatment of comorbidity and counselling leads to improvement in a significant 
proportion of patients. 
References: 1.Gupta A, Lang AE. Psychogenic movement disorders. Curr Opin Neurol 2009; 22:430. 

390 
The effect of intranasal oxytocin in patients with functional motor symptoms: an open label case series 
B. Demartini, D. Goeta, D. Di Benedetto, A. Casiraghi, D. Mazza, A. Priori, O. Gambini (Milano, Italy) 
Objective: Aim of this case series was to assess the effect of a single dose of intranasal oxytocin in a sample of 
patients with FMS on the motor symptoms themselves and on some psychological variables, such as alexithymia, 
interoceptive awareness, anxiety and depression. 
Background: Human studies have confirmed oxytocin’s role as a “social hormone”, mediating many social 
behaviours such as emotion understanding and recognition or attention to socially relevant information of human 
face. In the last few years several studies have shown that intranasal administration of oxytocin decreases cortisol 
release and anxiety in response to social stress, reduces amygdala activity to fearful or threatening visual images or 
emotional faces, increases trust behaviour and enhances the recognition of emotion. 
Methods: Eight patients affected by FMS were recruited. They have been instructed to self-administer the spray. All 
patients underwent the following assessment prior (T0) and immediately after (T1) the oxytocin administration: 
PMD scale, assessment of depression, anxiety, alexithymia and interoceptive awareness. Self-assessment of 
outcome was recorded at T1 and T2 (five days after the session). 
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Results: After the session 87.5% patients rated their general feeling of well-being such as “better” or “much better” 
on the CGI and 37.5% rated their main symptoms as “better” or “much better” on the IPS. The improvement in the 
well-being reported by patients remained also at T2. After the oxytocin administration, patients had significantly 
lower scores at HAM-D, HAM-A and TAS-20. Good outcome was predicted by improvement in the TAS-20. 
Conclusions: Our data suggest that a single intranasal administration of oxytocin can provide an improvement in 
general feeling of well-being, anxiety, depressive symptoms and alexithymic features in the majority of patients with 
FMS. 

392 
The role of attention in functional movement disorders 
A. Huys, P. Haggard, K. Bhatia, M. Edwards (London, United Kingdom) 
Objective: Identify where the attentional focus naturally lies in functional movement disorders and evaluate which 
abnormal attentional foci contribute to symptom generation. The ultimate aim is to thereby improve treatment 
approaches. 
Background: The most characteristic, yet intriguing feature of functional movement disorders is that they typically 
manifest with attention to the affected limb, and improve or even disappear with distraction [1]. It is unknown which 
aspect of attention is involved. 
Methods: The effect of different attentional foci on the performance of a reaching movement are analysed: attention 
onto the movement; onto the accuracy of the movement; onto the target; onto distraction tasks; onto somatosensory 
feedback; and attention away from visual feedback. The study involves twenty functional tremor patients, and two 
control groups (20 organic tremor patients and 20 healthy controls). 
Results: Movement performance (straightness of the reaching trajectory) worsens with indirect, compared to direct 
visual feedback; with explicit attention to the movement; with slower movements; and when trying to make the 
movement as accurate as possible. Improvements on the other hand are found without visual feedback; with very 
fast movements; when the movement is performed without attributing any importance to it (“just move to the 
starting point in order to get ready”); and when simultaneously performing an auditory distraction task. 
Conclusions: An unhelpful strategy for functional tremor patients is to focus on their movement, move slowly and 
try hard to be as accurate as possible. A better strategy is not to look at the limb while moving, perform it at a good 
speed, not give it any importance or distract oneself away from it. Simply telling our patients to “just ignore your 
movements” is certainly correct, but very difficult to implement. It is akin to the famous “Don ́t think of a pink 
elephant”. A more useful advice is to focus not on the intermediate, but on the ultimate result of the movement. 
 
A similar abstract was/will be presented at the Association of British Neurologists annual meeting, Birmingham 
September 2018 and Edinburgh May 2019, where as a one of their research fellows I am obliged to present my 
work. 
References: [1] Edwards MJ, et al. Curr Opin Neurol. 2013; 26(4):442-7. 

393 
Can a smartphone accelerometer differentiate between functional and organic tremor? 
M. Khider Ahmed, T. Mouton, J. Ackerman, N. Brey, C. Albertyn, F. Henning, J. Carr (Cape Town, South Africa) 
Objective: The aim of the study was to determine if a smartphone accelerometer can distinguish functional tremor 
from organic tremor. 
Background: Differentiating functional tremor from tremor due to other causes can be very challenging on clinical 
grounds. Portable transducers such as accelerometers can be used to assess tremor repeatedly, with no additional 
cost, can provide precise linear measures of tremor, and may be of value to physicians without experience in rating 
tremor. 
Methods: This was a prospective case-controlled study, in which 10 patients with functional tremor were compared 
to 10 patients diagnosed with essential tremor. The tremor was recorded using the in-built triaxial accelerometer of a 
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Samsung mobile phone. Recording was performed in the following states; while maintaining a posture of extension 
of the most affected hand (baseline), while performing a goal-directed task, with a 1 Kg mass attached, while 
drawing a spiral, during pouring, while performing a mental task (serial 7 subtraction), and while performing 
tapping tasks with the contralateral hand in time with a metronome at rates of 1, 3, and 4.5 Hz. Tremor recording 
was for 30 seconds for each task. Recorded data were processed using MATLAB program. A fast Fourier analysis 
of the signals was performed to define the peak tremor frequency for each task. Tremor frequency shift from the 
baseline was calculated for each task for each subject. Subsequently, a ROC curve was performed for each task and 
the optimal cut-off value was determined. 
Results: A ROC curve analysis of “Tremor frequency shift from the baseline” revealed that the tapping at 1 Hz task 
had the highest diagnostic accuracy, with an area under the curve of 0.83, whereas the drawing task had the lowest 
diagnostic accuracy, with an area under the curve of 0.48. The results showed that distractibility tasks had better 
diagnostic accuracy compared to non-distractible tasks (goal-directed, weight loading, drawing and pouring). 
Combining the distractible tasks together (mental calculation, tapping at 1 Hz and tapping at 3 Hz) resulted in better 
diagnostic accuracy, with 80% sensitivity and 90% specificity. 
Conclusions: Smartphone accelerometer is a simple, accessible and cost-effective method to distinguish functional 
tremor from organic tremor in daily clinical practice and can be useful in environments where more sophisticated 
diagnostic techniques are unavailable. 
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394 
Long Term Follow Up Following Multidisciplinary Inpatient Rehabilitation for Functional Movement 
Disorders 
A. Kompoliti, C. Hebert, J. Behel, G. Pal, R. Kasi (Chicago, IL, USA) 
Objective: To assess the maintenance of improvement in Functional Movement Disorders (FMDs) following 
inpatient rehabilitation one year after discharge. 
Background: FMDs are chronic and challenging to treat.  Our cohort had significant improvement 
following rehabilitative, goal-oriented multidisciplinary inpatient rehabilitation. 
Methods: Methods: Patients seen in Movement Disorders (MD) clinic and diagnosed with FMD by a MD specialist 
panel consensus were referred for inpatient rehabilitation admission. Baseline, discharge and one year follow-up 
measures included: Clinical Global Impression severity and change (CGIs and c); Depression and Somatic Symptom 
Scale (DSSS); Generalized Anxiety Disorder (GAD-7); Patient Health Questionnaire-9 (PHQ-9); PTSD check list 
for DSM-5 (PCL-5). Demographic values are reported as median (min/max). 
Results: Of 72 patients seen since March 2015, 20 were admitted, 17 completed the program, and 13 had an one 
year follow up. The cohort consisted of 14 women, disease duration 24 months (0.1/264), and moderate disease 
severity, CGI-s = 5 (4/6) by neurologist rating, and CGI-s = 5 (4/7) by patient rating. For the 17 patients completing 
the inpatient rehabilitation program, the median duration of stay was 7.5 days (3/14). Immediately after 
rehabilitation, movement disorder improved in 88% (median CGI-c 2.0; 1/4) by both neurologist and patient ratings. 
Depression, anxiety and other somatic symptoms also improved: DSSS (Wilcoxon Z = -2.91, p < 0.004); GAD-7 
(Wilcoxon Z = -3.01, p < 0.002); PHQ-9 (Wilcoxon Z = -3.42, p < 0.00). However, there was no significant 
improvement in PCL-5 (Wilcoxon Z =-1.51, p > 0.05). Among the 13 patients seen at 1 year, 54% maintained at 
least minimal improvement in their movement disorder by neurologist rating (CGI-c = 3.0; 1/7), compared to 77% 
by patient rating (CGI-c = 3.0; 1/7). Significant improvement was not maintained for DSSS (Wilcoxon Z = -0.39. p 
> 0.05), GAD (Wilcoxon Z = -0.94, p > 0.05) or PHQ-9 (Wilcoxon Z = -0.55, p > 0.05). 
Conclusions: Multidisciplinary inpatient rehab resulted in improvement in the movement disorder, depression, 
anxiety and other somatic symptoms in this cohort of patients immediately following treatment. However, one year 
follow up demonstrated maintenance of at least minimal improvement in movement disorder severity, but not in 
depression, anxiety, other somatic symptoms or PTSD. 

395 
Opinions and clinical practices related to diagnosing and managing patients with functional (psychogenic) 
movement disorders: from 2009 to 2019 
K. LaFaver, D. Bega, M. Hallett, A. Lang, S. Lidstone, C. Maurer, F. Morgante, D. Perez, C. Stephen, J. Stone, T. 
Teodoro, A. Wu, A. Dwivedi, A. Espay (Louisville, KY, USA) 
Objective: (1) To examine current opinion and clinical practices related to diagnosis and management of Functional 
Movement Disorders (FMD); and (2) to determine if practice patterns have changed compared to a similar survey to 
members of the International Parkinson and Movement Disorder Society (MDS) conducted ten years ago [1]. 
Background: FMD present common and unique challenges to practitioners. Gaps in knowledge include variability 
in the diagnostic approach, clinical management, and access to treatment around the world. 
Methods: A 21-item survey about attitudes and clinical practices regarding FMD used in a prior survey [1], updated 
by the MDS FMD Study group, was sent to MDS members. The survey remained open for six weeks between 
August 16 and September 28, 2018. 
Results: There were 864 responses from MDS members in 92 countries, for an estimated response rate in practicing 
clinicians of 25.5%. Respondents were predominantly male (55%), under the age of 45 (65%), and worked in an 
academic practice setting (85%). Similar to 2009, a majority of respondents (46.7%) chose to order standard 
neurological investigations before informing a patient of a FMD diagnosis. Unlike the early survey, a significantly 
higher number informed patients about the diagnosis based on unequivocal features on exam alone (26.5% vs 
18.9%; p=0.003). 63.5% of respondents were more concerned about missing another diagnosis in FMD patients 
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compared to other disorders they manage. Avoiding iatrogenic harm (58.1%), educating the patient about the 
diagnosis (53.1%), referral to rehabilitation services (40.4%) and psychotherapy (34.6%) were believed to be most 
effective therapeutic options. Frequent treatment barriers varied between countries and included lack of physician 
knowledge and training (31.8%), lack of treatment guidelines (39.1%), availability of referral services (47.9%), and 
cultural beliefs about psychological illnesses (50.4%). Compared to 2009, the preferred term for communication 
with healthcare professionals and the lay public was “functional” rather than “psychogenic” (p<0.001). 
Conclusions: While practices in diagnosis and treatment of FMD are slowly changing, an exclusionary approach to 
the diagnosis remains the norm. Limited access to treatment resources for FMD remains a major problem. 
References: 1. Espay AJ, Goldenhar LM, Voon V, Schrag A, Burton N, Lang AE. Opinions and clinical practices 
related to diagnosing and managing patients with psychogenic movement disorders: An international survey of 
movement disorder society members. Movement disorders: official journal of the Movement Disorder Society 
2009;24:1366-1374. 

396 
Botulinum Neurotoxin (BoNT) treatment in functional movement disorders: an extended follow up 
F. Lambert, J. Dijk, M. Tijssen, J. Koelman, Y. Dreissen (Groningen, Netherlands) 
Objective: To assess the long term effect of treatment with botulinum neurotoxin (BoNT) in patients with 
functional jerky or tremorous movement disorders. 
Background: Treatment options for functional movement disorders are scarce and not studied extensively. We 
previously studied the effects of botulinum toxin (BoNT) treatment in a randomized double-blinded clinical trial. 
81% of patients improved after 1 year follow-up but there was no significant difference between treatment with 
BoNT and placebo after 4 months and follow-up. In the current study we aimed to assess the long-term effects of 
BoNT in functional movement disorders. 
Methods: An extended follow up study of the BoNT trial was performed, in which 48 patients were approached 3 to 
7 years after start of the study. We assessed symptom severity, using the self-reported Clinical Global Impression-
Severity (CGI-S) and the Clinical Global Impression-Improvement scale (CGI-I). Physical functioning, work status, 
psychiatric symptoms, additional treatments and development of other functional neurological symptoms were also 
studied. 
Results: The 46 patients who actively participated in the trial were included in this study. Ten still received BoNT 
injections, as they experienced an increase of symptoms when the effect of BoNT was supposed to wear off after 
three months. Of the 36 patients who stopped BoNT treatment after the trial, 21 (61%) patients experienced no 
change or improvement of motor symptoms since the end of the BoNT trial according to the CGI-I. Most (20 
patients) had improved during the original trial. No change was found in motor severity scores since the end of the 
BoNT trial (p=0,690). Disease burden, anxiety and physical functioning had not improved compared to the start of 
the original study. The mean of the depression scores had not changed, but it did show a significant difference 
(p=0,024). 
Conclusions: Even after treatment cessation a large proportion of patients improved or retained the improvement in 
motor symptoms. The effect of treatment-intervention in functional movement disorders appears to create a long-
lasting effect of motor symptoms; however this did not translate into improvement of disease burden, disability and 
quality of life. 

397 
Integrated therapy for Functional Movement Disorders: results from a pilot clinic 
S. Lidstone, L. MacGillivray, C. Marras, M. Josef, L. Muc, A. Lang (Toronto, ON, Canada) 
Objective: To create a novel pilot clinic for the treatment of Functional Movement Disorders (FMD). 
Background: FMDs are aberrations of motor system functioning in the absence of structural neuropathology. They 
are highly prevalent (1,2), difficult to treat and require a disproportionate use of healthcare resources (3). Prognosis 
is often poor and patients suffer high rates of disability (4,5). Treatments remain lacking due to the heterogeneity of 
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FMD, the lack of large controlled studies, and outcome measures that can capture meaningful improvement. 
Promising results have been shown with physiotherapy (6,7), psychotherapies (8,9), and multidisciplinary inpatient 
models (10). However even in these models treatment remains siloed, perpetuating the mind/body dichotomy. 
Patients require individualized treatment plans encompassing both psychological and physical therapies in varying 
combinations, and we sought to create a new model of care that reflects this in a pilot clinic format. 
Methods: 11 patients (3 male, 8 female) with a primary diagnosis of a FMD were enrolled in a 6-session, bi-weekly 
treatment program where therapy was delivered in a rehabilitation model by the Neurologist, Neuropsychiatrist and 
Physiotherapist simultaneously. Treatment plans were individualized and combined psychological and physical 
therapies based on the neurological presentation and psychiatric formulation. The primary outcome for clinical 
efficacy was the Clinical Global Impression-Improvement (CGI-I) scale, with secondary clinical and quality-of-life 
scales administered at baseline and post-program completion. 
Results: The mean age was 35y +/- 12, mean FMD symptom duration was 6.4y (6m – 20y), 36% had episodic 
symptoms, 81% had a mixed movement disorder, and 72% had a gait disorder. All patients had self-reported pain 
and fatigue, pre-morbid psychiatric diagnoses were present in 36% and 54% had a history of trauma. The CGI-I post 
program was “much” or “very much” improved in 7/11 (64%) of patients. Those with “mild” or no improvement 
(4/11) had longer disease duration (mean 11.3y) and older age (mean 47y). 
Conclusions: There is a profound need for novel, integrated models of treatment for FMD that go beyond 
multidisciplinary. This pilot model demonstrated promising clinical outcomes in an otherwise difficult to treat 
population over a short time period and provided innovative new treatment approaches which will be studied in a 
larger trial. 
References: 1. Factor SA, Podskalny GD, Molho ES. Psychogenic movement disorders: frequency, clinical profile, 
and characteristics. J Neurol Neurosurg Psychiatry. 1995 Oct 1;59(4):406–12. 2. Stone J, Carson A, Duncan R, 
Roberts R, Warlow C, Hibberd C, et al. Who is referred to neurology clinics?--the diagnoses made in 3781 new 
patients. Clin Neurol Neurosurg. 2010 Nov;112(9):747–51. 3. Parry AM, Murray B, Hart Y, Bass C. Audit of 
resource use in patients with non-organic disorders admitted to a UK neurology unit. J Neurol Neurosurg Psychiatry. 
2006 Oct 1;77(10):1200–1. 4. Schrag A, Trimble M, Quinn N, Bhatia K. The syndrome of fixed dystonia: an 
evaluation of 103 patients. Brain. 2004 Oct 1;127(10):2360–72. 5. Ibrahim NM, Martino D, van de Warrenburg 
BPC, Quinn NP, Bhatia KP, Brown RJ, et al. The prognosis of fixed dystonia: a follow-up study. Parkinsonism 
Relat Disord. 2009 Sep;15(8):592–7. 6. Nielsen G, Stone J, Edwards MJ. Physiotherapy for functional 
(psychogenic) motor symptoms: a systematic review. J Psychosom Res. 2013 Aug;75(2):93–102. 7. Nielsen G, 
Ricciardi L, Demartini B, Hunter R, Joyce E, Edwards MJ. Outcomes of a 5-day physiotherapy programme for 
functional (psychogenic) motor disorders. J Neurol. 2015 Mar 1;262(3):674–81. 8. LaFrance WC, Baird GL, Barry 
JJ, Blum AS, Webb AF, Keitner GI, et al. Multicenter Pilot Treatment Trial for Psychogenic Nonepileptic Seizures: 
A Randomized Clinical Trial. JAMA Psychiatry. 2014 Sep 1;71(9):997–1005. 9. Reuber M, Burness C, Howlett S, 
Brazier J, Grünewald R. Tailored psychotherapy for patients with functional neurological symptoms: a pilot study. J 
Psychosom Res. 2007 Dec;63(6):625–32. 10. Jacob AE, Kaelin DL, Roach AR, Ziegler CH, LaFaver K. Motor 
Retraining (MoRe) for Functional Movement Disorders: Outcomes From a 1-Week Multidisciplinary Rehabilitation 
Program. PM R. 2018 Nov;10(11):1164–72. 

398 
Altered intrinsic power spectral density of the precuneus in patients with hyperkinetic functional movement 
disorders 
R. Marapin, H. Horn, J. Gelauff, B. de Jong, Y. Dreissen, J. Koelman, R. Renken, J. Marsman, M. Tijssen 
(Groningen, Netherlands) 
Objective: In order to better understand the underlying mechanisms of functional movement disorders (FMD), we 
set out to explore changes in functional connectivity and intrinsic activity of the default mode network (DMN), 
salience network (SN) and frontoparietal networks (FPN) in patients with hyperkinetic FMD compared to healthy 
controls at rest. 

This article is protected by copyright. All rights reserved.



Background: Currently, the pathophysiological basis of FMD remains poorly understood. Resting-state fMRI (rs-
fMRI) is a powerful tool to better understand intrinsic and functional connectivity of neural networks in the absence 
of a specific task. Identifying aberrations in resting state networks (RSN) may provide crucial new insights into the 
mechanism of FMD. 
Methods: In this study, resting-state fMRI was performed in seventeen patients with FMD and seventeen age-, sex- 
and education matched healthy controls. A data driven approach, using independent component analysis (ICA), was 
used to investigate the following prespecified networks: the frontoparietal, salience and default mode network. We 
combined intra- and inter-network functional connectivity with power spectral density measures of time courses to 
examine functioning of RSN. 
Results: Compared with healthy controls, patients with FMD had significantly decreased lower frequency 
oscillations, and significantly increased higher frequency oscillations in the precuneus (FDR-corrected p<0.05). No 
significant differences were found between groups regarding intra- or inter-network functional connectivity. 
Conclusions: In conclusion, our results reveal alterations in intrinsic functioning of the precuneus network in 
patients with hyperkinetic FMD with no significant differences in functional connectivity between groups. Because 
the precuneus is associated with attention shifting and sense of agency, the aberrant intrinsic functioning found in 
this network support the hypothesis of mechanisms associated with an impaired sense of agency and attentional 
dysregulation in patients with FMD. The lack of differences in functional connectivity between groups might be 
explained by heterogeneity within the studied group or could be an indication of variation in the mechanism of FMD 
between patients. 

399 
Management of Patients with Functional Movement Disorders: A Transcultural Perspective 
C. Maurer, D. Anderson, A. Asadi-Pooya, J. Baizabal, M. Damianova, C. Ganos, R. Kanaan, M. Tijssen, J. Kwasa, 
I. Moreno, S. Pandey, J.E. Park, D. Saylor, M. Stamelou, C. Stephen, T. Teodoro, M. Tinazzi, K. LaFaver (Stony 
Brook, NY, USA) 
Objective: To compare the clinical management, available resources and barriers to care for patients with functional 
movement disorders (FMD) across 15 countries around the globe. 
Background: FMD is a common condition whose management is thought to benefit from a multidisciplinary 
approach, involving experts in neurology, psychiatry/psychology, and rehabilitation medicine. However, there is 
significant variability around the globe in terms of the clinical management and available resources for patients with 
this chronic and disabling condition. 
Methods: A group of experts from 15 countries spread across 5 continents and spanning a variety of cultural 
backgrounds, healthcare systems and levels of economic development (Australia, Germany, Greece, India, Iran, 
Italy, Kenya, Mexico, Netherlands, South Africa, South Korea, Spain, United Kingdom, U.S.A., and Zambia) 
outlined the typical diagnostic and treatment pathway for patients with FMD in their respective countries. Access to 
resources, barriers to optimal care, and proposed solutions were also identified. 
Results: Clinical management and available resources vary considerably across different countries, with variability 
in access to and cost of care as well as cultural attitudes of patients and providers towards FMD. Countries with 
relatively easy access to specialist services cited difficulties in establishing integrated therapeutic plans, paucity of 
multidisciplinary FMD clinics, lack of familiarity with FMD among treating healthcare professionals, and lack of 
national guidelines as major service gaps. Countries with more limited access to neurology services also cited lack 
of access to specialized providers (including neurologists, psychiatrists and psychologists) and significant stigma 
towards mental illness as additional barriers to care. 
Conclusions: The following recommendations were made with the goal of improving the care of and outcomes for 
patients with FMD around the globe: (1) education to increase awareness of FMD among healthcare providers and 
the public; (2) development of standardized consensus recommendations aimed at educating healthcare 
professionals on appropriate diagnosis and treatment practices; and (3) creation of well-integrated multidisciplinary 
FMD teams/clinics. 
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400 
Potential treatment considerations for refractory REM behavior disorder 
J. Nguyen, K. Papesh (Las Vegas, NV, USA) 
Objective: A meta-analysis of alternative treatment therapies for refractory REM behavior disorder. 
Background: Parkinson’s disease is a neurodegenerative syndrome that affects motor and non-motor functions. As 
many as 35% - 91.9% of patients diagnosed with rapid eye movement behavior disorder will later develop some 
form of neurodegenerative disease (St. Louis, Boeve, Boeve, 2017). In patients with neurodegenerative syndromes, 
up to 10% may struggle with refractory RBD (when conventional therapy of melatonin and clonazepam are 
ineffective) (St. Louis, Boeve, Boeve, 2017). RBD is an important nonmotor symptom to address because this can 
be disruptive to a restful night sleep but also places the patient and the bed partner at risk for physical injuries. 
Benzodiazepines like clonazepam must also be used in caution in patients with dementia, gait disorders, or 
concomitant obstructive sleep apnea (OSA). 
Methods: A literature analysis of a double blind cross over pilot trial of Rivastigmine was used for patients with 
refractory RBD in which melatonin and clonazepam has failed. Seroquel (Quetiapine) used in refractory RBD or 
patients that do not want to start a benzodiazepine. This will be considered for patients who waver with a more 
habit-forming agent such as a benzodiazepine (e.g., clonazepam). Pramipexole has also been used for the treatment 
of RBD. Most patients with neurodegenerative syndromes, particularly idiopathic Parkinson’s disease have been 
reported to have night symptoms (e.g., stiffness, tremor, RLS, and leg cramps) also suffer from RBD. 
Results: The study showed an overall reduction in frequency of RBD episodes (reported by the sleep partners) (Di 
Giacopo, et al., 2012).In an informal trial of 10 patients were prescribed quetiapine 25mg – 50mg, 9 out of 10 
patients have reported improved sleep and the sleep partners have reported a reduction in RBD episodes. 
Conclusions: Further consideration should be made for the use of cholinesterase inhibitor (e.g., Rivastigmine), 
atypical antipsychotic (quetiapine 25-50mg), and dopamine agonist (Pramipexole 0.7mg TID) to help address 
refractory RBD. Additional trials with more patients may be needed to confirm the efficacy of these 
pharmacological treatment options. Treatment of RBD can help to prevent injuries to the patient and their bed 
partner. The most important treatment remains the reinforcement/discussion regarding a safe sleep environment in 
this patient population. 
References: Aurosas, R. N., Zak, R. S., Maganti, R. K., Auerbach, S. H., Casey, K. R., Chowdhuri, S., Karippot, A., 
Ramar, K., Kristo, D.A., Morgenthaler, T. I. (2006). Best Practice Guide for Treatment of REM sleep behavior 
disorder (RBD). Journal of Clinical Sleep Medicine. Volume 6 (1); 85-89. Retrieved from: 
http://jcsm.aasm.org/ViewAbstract.aspx?pid=27717 Diederich, N.J., Goetz, C.G., Stebbins, G.T., et al. (2005). 
Repeated visual hallucinations in Parkinson's disease as a disturbed external/internal perception: focused review and 
a new integrative model. Movement Disorder Society; 2: 130–140. Di Giacopo, R. D., Fasano, A., Quaranta, D., 
Marca, G.D., Bove, F., & Bentivoglio (30 January 2012). Rivastigmine as an alternative treatment for refractory 
REM behavior disorder in Parkinson’s disease. Movement Disorder Society. Retrieved from 
https://doi.org/10.1002/mds.24909 Fantini, M. L., Ganon, J. F., Filipini, D., Montplaisir, J. (2003). The effects of 
Pramipexole in REM sleep behavior sisorder. Neurolgy. 61:1418-20. Schenck, C.H., Mahowald, M.W. (2002). 
REM sleep behavior disorder: clinical, developmental, and neuroscience perspective 16 years after its formal 
identification in sleep. Sleep; 25: 120–138. Schimdt, M.H., Koshal, V.B., Schmidt, H.S. (2006). Use of Pramipexole 
in REM sleep behavior disorder: results from a case series. Sleep Medicine. 7:418-23. St. Louis, E. K., Boeve, A. R., 
* Boeve, B. F. (2017). REM Sleep Behavior Disorder in Parkinson’s disease and Other Synucleinopathies. 
Movement Disorder Society. 32(5): 645 – 658. Doi 10.1002/mds27018. 

401 
Functional exam findings in Lewy Body Disease 
J. Nguyen, K. Papesh (Las Vegas, NV, USA) 
Objective: Case study to review functional exam findings in an abnormal Dopaminergic transporter scan positive 
Lewy body dementia patient. 
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Background: Patient presented with known Parkinson’s disease for continued care and requested for formal 
confirmation to increase disability benefits from the VA. Abnormal motor exam findings: distractible tremor, 
promotable dyskinesia, and deliberate bradykinesia. There is extensive mental health history and unclear exposure to 
neuroleptics. 
The initial symptoms were fluctuating cognition followed by bilateral hand rest tremor (R>L). By history 
component the patient had a robust response to levodopa and quickly developed motor fluctuations with early 
wearing OFF dystonic pain and worsening of tremor and subsequently ON dyskinesia. DaTScan was read as normal. 
This is likely Symptoms without Evidenced of Dopaminergic Deficit/ Neuroleptic-induced Parkinsonism. 
Functional Movement Disorder cannot be ruled out as some of the motor exam findings were distractible and 
increased during assessment (Miyasaki et al., 2018). 
Fluctuating cognition made Lewy Body Dementia a likely consideration. This was also supported by robust 
response to cholinesterase inhibitor (Lam et al., 2009). 
Based on the DATQuant, the scan is read as borderline abnormal. This is inconsistent with the severity of the 
clinical exam findings and subjective reporting of motor fluctuations (more consistent with patients with 10+ years 
of illness) (Nissen et al., 2003).   
Disabling symptoms were present on the right side while the DaTScan revealed right striatal abnormality. 
Methods: Clinical exam findings:Biomarkers: DaTscan analysis; DATQuant analysis, brain MRISubjective 
reporting of dopamine replacement therapy response: fluctuations, wearing off, severe OFF dystonia, pain, and 
tremor and ON dyskinesia. Severe mental health history and exposure to neuroleptics. 
Results: The diagnosis revised to Lewy body dementia with functional overlay and severe behavioral disturbances. 
Conclusions: In patients with inconsistent subjective history reporting as compared to clinical exam findings and 
biomarkers it increases the complexity of management. There is no direct approach to pharmacological intervention 
with poor correlation of symptoms. There are limitations to the objective findings and diagnostic conclusion versus 
the patient’s personal interest. Normal scan can evolve to abnormal over time, so a single test cannot be used a 
singled diagnosis for FMD (Miyasaki, et al., 2018). 
References: Lam, B., Hollingdrake, E., Kennedy, J. L., Black, S. E., Masellis, M. (2009). Cholinesterase inhibitors 
in Alzheimer’s disease and Lewy body spectrum disorders: the emerging pharmacogenetic story. Human Genomics, 
4(2): 91-106. doi: 10.1186/1479-7364-4-2-91 Miyasaki, J. M., Hurtig, H., Eichler, A. F. (2018). Functional 
movement disorders. UpToDate. Topic 14132 Version 22.0 Nissen, T., Malek, N., Grossett, K.A., Newman, E.J., 
Paterson, J., Hadley, D., Grossett, D.G., (2003). Baseline FP-CIT SPECT (DaTScan) severity correlates with 
medication use at 3 years in Parkinson’s disease. Wiley Online Library. https://doi.org/10.1111/ane.12178 

402 
What do medical students think about functional movement disorders? 
J.B. Paredes, E. Villalba, A. Canovas, J.L. Sendon, p. Torre, S. Argos, S. Madrona, J. Poles, V. Hristova, L. García, 
J.C. Castrillo, I. Moreno (Madrid, Spain) 
Objective: Determine medical students' knowledge and attitudes toward Functional Neurological Disorders (FND). 
Background: Functional movement disorders are part of the spectrum of FND, a common source of neurological 
disability. FND are not a priority in medical education, and many health professionals are therefore self-taught when 
it comes to patients with FND. Previous surveys have explored attitudes towards FND among movement disorders 
specialists; however, little is known about what medical students know about them before finishing their medical 
degree (MD). 
Methods: A survey about FND among 6th year medical students at the University of Alcalá de Henares,Madrid. 
Fourteen multiple choice items and one free text question were developed to gather information on their views, 
experience and attitudes towards patients with FND. 
Results: Eighty-four students returned the survey,70% women; mean age 23,8±2,9. Up to 82(98%) confirmed that 
they had studied these disorders during their MD, 57(68%) in Psychiatry exclusively and 4(4.8%) only in 
Neurology. In their opinion “psychosomatic” was the most common terminology used within medical circles; 
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however, 33(39%) would choose “FND” as the most suitable term to name them. About 40% claimed to have seen 
more than one patient with FND during their MD, and most considered these disorders to be attended “quite 
frequently” in clinics. Although most students stated that patients don't feign their symptoms, 12(14%) reported that 
functional symptoms are feigning, at least, partially. Physical/sexual abuse were factors considered to be common in 
patients with FND and most thought that these were actually present in more than 40% of patients. 41(49%) reported 
medical history clues and positive signs in the physical examination to be essential to perform the diagnosis. 
However, 36(43%) stated that the diagnosis should be performed on the basis of normal tests. More than half 
indicated that management is performed only by Psychiatry. In the free text, they highlighted that these patients are 
under-recognized, stigmatised and poorly managed and emphasised the importance of being trained on FND during 
the MD. 
Conclusions: There is no agreement regarding the terminology within medical students but a significant proportion 
consider FND as the most suitable term. They think patients are not feigning and want to be well-trained on them 
during their MD. A more integrated view about how to perform the diagnosis is still needed. 
References: 1) Baizabal-Carvallo JF, Hallett M, Jankovic J. Pathogenesis and pathophysiology of functional 
(psychogenic) movement disorders. Neurobiol Dis. 2019; 9961(19)30044-0. 2) Ricciardi L, Demartini B, Morgante 
F, Parees I, Nielsen G, Edwards MJ. Symptom severity in patients with functional motor symptoms: Patient's 
perception and doctor's clinical assessment. Parkinsonism Relat Disord. 2015;21(5):529-32. 

403 
Incongruity of Functional Tremor Predicts Better Response to Transcranial Magnetic Stimulation Treatment 
N. Prezelj, K. Vogelnik, Z. Pirtošek, M. Kojović (Ljubljana, Slovenia) 
Objective: We hypothesised that patient whose functional tremor (FT) has more “voluntary” aspects may respond 
better to repetitive transcranial magnetic stimulation (rTMS). 
Background: Patients with FT experience their abnormal movements as involuntary. However, FT characteristics 
suggest its generation partially relies on structures involved in control of voluntary movements. In fact, findings that 
are incongruent with organic tremors, such as FT frequency entrainment with contralateral voluntary movements, 
FT amplitude variability with cognitive load or pause of tremor with contralateral ballistic movements all reflect 
physiological aspects of voluntary movements.  Not all FT patients show these incongruent features, suggesting that 
mechanisms of FT generation are heterogeneous and that in some cases FT becomes “overtrained” by the central 
nervous system. 
Methods: Ten patients with FT underwent 5-day repeated sessions of continuous theta burst stimulation (cTBS) 
over the motor cortex contralateral to more affected hand. On the first and the last day of stimulation, 
electromyography and accelerometry of postural tremor was performed, without and with mass loading. 
Additionally, patients performed battery of tests indicative of FT, including tapping task (3 different frequencies) 
and cognitive load task (serial sevens), on which basis we calculated FT score for each patient. Response to cTBS 
was measured objectively as change in tremor amplitude on accelerometry and subjectively. Patients were defined 
as “responders” if there was a decrease in total power spectrum for at least 40%. 
Results: 7/10 patients reported no subjective improvement of tremor. Objectively, 5 patients were responders and 5 
non-responders. Responders had higher FT score comparing to non-responders (p= 0,016). There was a significant 
positive correlation between FT score and reduction of tremor amplitude with cTBS (p = 0,036, rs = -0,700). 
Conclusions: Mechanism of cTBS effect on FT in our study could be modulation of motor cortex excitability or 
placebo effect. More the tremor looks functional/non-organic, more likely it will respond to treatment, possibly as its 
generations still largely depends on voluntary non-automatic motor network. 

404 
Preoperative quantitative evaluation of psychological determinants in abnormal head postures 
E. SANREY, C. Labate, L. CIF, V. GONZALEZ, E. Borgeais, E. Chan Seng, P. COUBES (Montpellier, France) 
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Objective: Improving the diagnostic capability by discriminating the psychogenic part of the disorder using a 
dedicated “home-made” questionnaire completed with the Minnesota Multiphasic Personality Inventory (MMPI). 
Background: Abnormal head posture can be induced by dystonia and/or dyskinesia but psychogenic participation 
origin is often questioned susceptible to limit the efficacy of Continuous Electrical Neuromodulation (CEN) of 
Globus Pallidus Internus (GPI). This neurosurgical procedure is effective for patients with generalized dystonia-
dyskinesia syndrome. It appeared that results are more difficult to predict in the situation of isolated abnormal head 
posture. In this particular situation, psychogenic participation can be difficult to identify. 
Methods: We elaborated a 2-part study : 
1/ a retrospective one including 21 patients treated by GPI-CEN (11/2000 - 08/2016) presenting with “cervical 
dystonia”. Six patients did not respond to neuromodulation (3 patients were explanted) and were considered as 
“dysfunctional patients”, retrospectively. One criterion was given by the specifically dedicated questionnaire. 
Among the other responder patients, as a guide, 5 of them accepted to fill-in the personality assessment using the 
MMPI (12/2015-12/2017). 
2/ a prospective evaluation of 21 out clinic patients for preoperative evaluation. According to our center clinical 
guidelines, we apply in the same time the questionnaire and the personality evaluation (12/2015-12/2017) to these 
patients. 
Results: According to the questionnaire answer, among the 21 out-clinic patients, 12 showed psychogenic clues and 
9 were preselected for GPI-CEN. Among these 9 patients, one is still under evaluation, one is lost for survey, one 
refused the operation and one have a behavior disorder. For the 5 last patients, the complementary examination of 
the personality enabled to retain only one patient for surgery. 
Conclusions: The need of quantitative criteria for evaluating the risk of psychogenic participation to a movement 
disorder is obvious in daily practice. Our data show that most patients (26 patients in 42) initially diagnosed with a 
“cervical dystonia” have a functional participation or origin. It can be factitious, malingering, conversive. The 
diagnosis remains challenging given the close interface that exists between behavioral and neurological disorders. 
The neurophysiological understanding of frontier syndromes needs to be clarified. 

405 
The role of stress-related genes and childhood trauma in the clinical phenotype of Functional Movement 
Disorders 
P. Spagnolo, C. Maurer, G. Norato, C. Hodgkinson, M. Hallett (Bethesda, MD, USA) 
Objective: The aim of this study was to evaluate the relationship between single nucleotide polymorphisms (SNPs) 
at the level of stress-related genes, childhood trauma, and several phenotypical characteristics of FMD. 
Background: Several phenotypical characteristics of Functional Movement Disorders (FMD), such as increased 
stress reactivity, hyperarousal and increased amygdala reactivity, are observed in stress-related disorders, suggesting 
they may share overlapping neurobiological substrates. A large number of studies has indicated that genetic 
variations at the level of stress-related genes contribute, directly and interactively with childhood trauma, to the 
prevalence and clinical presentation of these disorders. While the role of stress and trauma has been largely studied 
in FMD with mixed results, to date no study has investigated the effects of these genetic variations, and their 
interaction with childhood trauma, on FMD phenotype. 
Methods: Seventy-two patients with a diagnosis of 'clinically defined' FMD were recruited. In addition to medical 
and neurological examination, an extensive psychiatric and psychological evaluation was performed, including the 
administration of the Beck Depression Inventory (BDI), the Childhood Trauma Questionnaire (CTQ), and the State 
Trait Anxiety Inventory (STAI). 
Participants were genotyped using the Illumina OmniExpress BeadChip array (Illumina, San Diego, CA, USA) 
including more than 700,000 SNPs. Ancestry was determined via a genome-wide panel of ancestry informative 
markers. 
Results: Among the SNPs analyzed, we found that a tryptophan hydroxylase 2 (TPH2) gene polymorphism 
(rs4570625) was significantly associated with earlier age of onset of FMD, and increased FMD disability and 
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severity scores. Furthermore, this TPH2 polymorphism significantly interacted with CTQ in predicting the age of 
onset of FMD.   
We also found a significant interaction between CTQ and a C-Reactive Protein gene polymorphism (rs1130864) on 
FMD severity and on comorbid diagnosis of anxiety disorders. 
Finally, we found a significant effect of CTQ on FMD age of onset and severity, as well as on depressive symptoms 
and self-reported anxiety levels. 
Conclusions: To the best of our knowledge, this is the first study showing that genetic variations in genes involved 
in stress response and childhood trauma directly and interactively modulate the phenotype exhibited by patients with 
FMD. 

406 
Healthcare utilization and emergency department/inpatient costs in adult and pediatric functional 
neurological disorders 
C. Stephen, C. Lungu, A. Espay (Boston, MA, USA) 
Objective: We sought to assess inpatient and emergency department (ED) healthcare utilization in functional 
neurological disorders (FND) in adults and children, using large federal databases. 
Background: FND represents up to 31% of adult neurology outpatient visits, 20% of movement disorders clinics, 
and up to 10% of neurology inpatient admissions and are a common cause of ED presentations. Psychogenic non-
epileptic seizures (PNES) are frequent referrals to epilepsy centers and Epilepsy Monitoring Unit admissions. 
Despite this, there is little cost and healthcare utilization data available for FND and no data for the pediatric 
population. 
Methods: We utilized three large federal healthcare databases, assessing 1) all-payer inpatient hospitalizations, 2) 
pediatric hospitalizations, and 3) adult/pediatric ED presentations. We assessed adults age 18+ and pediatric patients 
age 5-17. We used a necessarily narrow and specific definition of FND, utilizing ICD9 diagnosis codes 300.11 
“conversion disorder” or 306.0 “musculoskeletal malfunction arising from mental factors”. Costs and healthcare 
utilization data for FND were compared to other common neurological disorders. 
Results: Adult/pediatric FND inpatient admissions were more frequently emergent, had shorter hospital stays but 
higher rates of common workup (neuroimaging, lumbar puncture and particularly EEG [PNES]) than in other 
neurological disorders (p<0.0001). In FND patients, there were unexpectedly low inpatient psychiatric consultation 
rates and were less likely to be seen by physical/occupational/speech therapy. Annual adult inpatient charges (proxy 
for total costs) for FND in 2014 were estimated at $827,260,087, comparable with refractory epilepsy. Annual 
pediatric inpatient charges in 2012 were estimated at $70,027,872, comparable with pediatric neuro-inflammatory 
diseases. Annual adult/pediatric charges for ED visits in 2013 were estimated at $95,237,186. 
Conclusions: There were high levels of inpatient and ED healthcare utilization by FND patients, comparable to 
other investigation-intensive and pharmacologically-demanding neurological disorders. While a likely under-
estimate and not including outpatient costs, the total annual charges to the healthcare system were estimated at over 
$900m annually. These data should inform healthcare policy, given the opportunity to improve care and reduce 
unnecessary healthcare costs. 

407 
rTMS-induced effects on Functional Tremor: a randomized, double-blind, controlled study 
S. TAIB, F. ORY-MAGNE, C. BREFEL-COURBON, Y. MOREAU, C. Thalamas, C. ARBUS, M. SIMONETTA-
MOREAU (Toulouse, France) 
Objective: To compare the effect on functional tremor (FT) of real rTMS vs sham and to test if hypnosis combined 
with rTMS might help to prolong any rTMS-induced therapeutic effect. 
Background: Despite advances in our understanding of the neurobiological support and in clinical diagnosis of 
Functional Movement Disorders (FMD), there is a lack of published controlled therapeutic studies and indeed 
management of FMD remains challenging. 
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Methods: The effect on FT of 5 consecutive daily sessions of real rTMS vs sham was compared, at one and two 
months (M1, M2), using a double-blinded randomized 2-arm parallel controlled design. In the second open-label 
phase, all the patients had 3 weekly sessions of hypnosis, combined with 3 single real rTMS sessions. Primary 
outcome was change of Psychogenic Movement Disorder Rating Scale, (PMDRS) total score at M1 compared to 
baseline. Secondary outcomes were changes in total and tremor PMDRS sub-scores, domains of SF-36 scale, Self-
report Hospital Anxiety and Depression, Hamilton Depression Rating Scale, Clinical Global Impression, assessed at 
M1, M2, M6 and M12. 
Results: 33 outpatients affected by FMD were screened and 18 fulfilling the inclusion criteria, (8M, 10F), were 
randomized. One month after the intervention the mean PMDRS score decreased in both groups but differences with 
baseline were only significant in the real rTMS group (p<0.001) and remained significant at M2 (p<0.001). Similar 
results were observed with mean tremor subscores (p<0.01). Significant changes from baseline values were 
maintained at M6 and M12 for the active group (p<0.001). For the control group, mean PMDRS returned almost to 
its baseline value as soon as the end of M2 and remained unchanged at M6 and M12. A significant improvement of 
the SF-36 general health domain was reported by the patients at M12, compared with baseline, for both groups 
whatever the intervention, (p=0.02), with a negative correlation between M12 PMDRS total or tremor subscores and 
M12 general health percentages: the lower the PMDRS or tremor scores at the end of the study, the higher the 
general health domain percentage (PMDRS r = -0.67 p= 0.02; tremor r= - 0.53 p= 0.05). 
Conclusions: rTMS could represent a valuable therapeutic option in the management of FT, able to induce 
significant long-lasting decrease of symptoms, if applied with suitable parameters and combined with other therapies 
such hypnosis. 
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408 
Neuropsychological profile of patients with functional movement disorders 
G. Vechetova, T. Nikolai, M. Slovak, Z. Hanzlikova, M. Vranka, E. Bolcekova, T. Teodoro, E. Ruzicka, M. Edwards, 
T. Serranova (Prague, Czech Republic) 
Objective: Our objective was to assess cognitive functioning in patients with functional movement disorders (FMD) 
with main focus on the attentional aspects. 
Background: Although the subjective cognitive complaints are frequent in FMD patients, our knowledge of 
neurocognitive aspects of these movement disorders is very limited. Abnormalities in attentional processes seem to 
play an important role in the manifestation of functional neurological symptoms. 
Methods: Twenty-nine patients with clinically established FMD and 29 age, sex and education matched control 
subjects underwent a neuropsychological assessment covering short-term memory (Rey Auditory Verbal Learning 
Test- AVLT), attention (Trail making test- TMT A, Digit span forward and word and colour condition of the Stroop 
Task), executive functions (TMT B, colour–word interference condition of the Stroop Task; phonemic fluency tasks, 
Digit Symbol-Coding test), working memory (Digit span backward and N-back task) and speech (semantic fluency 
tasks). Performance validity was examined using AVLT forced-choice recognition and Delayed Matching to Sample 
task. The self-evaluation questionnaires were used to assess depression (Beck Depression Inventory), anxiety (State-
Trait Anxiety Inventory) and cognitive complaints (Cognitive Complaints Questionnaire). 
Results: FMD group showed worse performance in AVLT A1-A5 scores (p<.01), Digit span sum score (p<.05), N-
back task (p=.001), Digit symbol-coding score (p<.01), TMT scores (p<.01), verbal fluency task scores (p<.05), and 
all three Stroop task conditions (p<.01). Moreover, patients with FMD reported significantly higher scores of 
cognitive complaints and depressive symptoms. The main results remained significant after adjusting for depression 
and anxiety. No group differences were found in performance validity tests. 
Conclusions: This study revealed abnormalities in cognitive functioning in patients with FMD. Patients showed 
poorer attention, working memory, learning ability and worse performance in tasks requiring processing speed 
compared to control group, while demonstrating valid test performance. Further studies could clarify whether 
cognitive complaints represent a comorbid functional symptom or they are directly linked to the attentional deficits 
caused by directing attentional resources towards the bodily symptoms. 
Supported by Czech Ministry of Health (AZV 16-29651A) and Charles University (GAUK 334217, Progres Q27). 
 

Genetics 

409 
Modern aspects of genetics of child cerebral palsy with symptomatic epilepsy 
D. Aminova (Tashkent, Uzbekistan) 
Objective: Objective of the study was the molecular genetic aspects of child cerebral palsy and symptomatic 
epilepsy in children. 
Background: From a genetic point of view, all forms of epilepsy can be divided into monogenic diseases and 
diseases with hereditary predisposition. Recent advances in molecular genetic studies of epilepsy have revealed that 
the basis of some forms of epilepsy is the disruption of the activity of ion channels. 
Methods: We analyzed 30 indicators of the study of the polymorphism of the SCN1A gene in 40 children with child 
cerebral palsy with symptomatic epilepsy. The control group served 20 healthy children. 
Results: From the entire sample of patients with cerebral palsy in children (n = 20), 3184 A – G polymorphism was 
found in the homozygous state (3184 * A / * A) in 8 patients (20%), in the heterozygous state (3184 * A / * G) - in 
11 (28%), and the homozygous genotype (3184 * G / * G) was determined only in 1 patient (2%). While among 
children with symptomatic epilepsy (n = 40), 3184 A – G polymorphism occurred in the homozygous state (3184 * 
A / A) in 22 patients (55%), in the heterozygous state (3184 * A / * G) - in 4 (10%). 
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In healthy children (n = 20), 3184 A – G polymorphism was found in the homozygous state (3184 * A / A) in 6 
patients (60%), in the heterozygous state (3184 * A / * G) - in 4 (40%). 
Conclusions: the majority of children with cerebral palsy mutations in the SCN1A gene encoding the a1 subunit of 
the neuronal sodium channel, which leads to an increase in the time to restore the activity of the channel after 
inactivation, which in turn also leads to neuron hyperactivity. The changes in the nucleotide sequence of the SCN1A 
gene that we discovered may contribute to the development of susceptibility to epileptic encephalopathy in children 
of Uzbek nationality. 

410 
The effect of ADORA2A gene polymorphism on the dyskinesia of Parkinson’s Disease 
B.C. ARI, F. MAYDA DOMAC, G. OZGEN KENANGIL, N. IMAMOVA, A. CINAR KUSKUCU (istanbul, Turkey) 
Objective: To investigate the relationship of levodopa-induced dyskinesia with ADORA2A gene polymorphisms in 
PD patients. 
Background: With the progression of the disease, motor complications and dyskinesias emerge due to the use of 
levodopa. It is thought that some genetic differences and variations in the coding of drug metabolising enzymes and 
drug receptors may cause this condition. Beyond this, genetic drug investigations have been started with the 
observation of the beneficial effects of ADORA2A receptor antagonism on motor symptoms and dyskinesias in 
recent years. The aim of this study is to investigate the relationship of rs2298383, rs35060421 and rs5751876 
polymorphisms in ADORA2A gene in PD patients with dyskinesia. 
Methods: A total of 172 PD patients who are older than 30 years and at least 1 year of levodopa treatment were 
included. 67 patients who had dyskinesia were selected as patients and 105 without dyskinesia were selected as the 
control group. Each group were evaluated genetically and compared with each other. For genetic analysis DNA was 
obtained from peripheric venous blood of each patient. High resolution melting analyses was performed. 
Results: Though there was no significant relation between investigated polymorphisms of rs5751876 and rs2298383 
allels and dyskinesia, rs35060421allel was found to be significantly more frequent in the patient group (odds ratio: 
1,39). In regression analysis with the inclusion of gender, the age of onset of the disease, the duration of levodopa 
treatment and total drug dosage, the odds ratio of rs35060421 increased to 1,608, which indicated that the existance 
of this allel in combination with the other factors increases the risk of development of dyskinesia. 
Conclusions: PD patients with dyskinesia were found to have longer disease duration, more severe symptoms and 
use higher dose of levodopa. Even though statistically significant difference was not found between the dyskinesia 
and the polymorphisms, it is possible that the patients with rs35060421polymorphism may have higher risk of 
developing dyskinesia. 

411 
MYORG is associated with recessive primary familial brain calcification 
D. Arkadir, A. Lossos, D. Rahat, M. Abu Snineh, V. Meiner (Jerusalem, Israel) 
Objective: To investigate the genetic basis of the recessive form of primary familial brain calcification (PFBG) and 
study pathways linking a novel gene with known dominant genes that cause the disease. 
Background: Previously, four genes were associated with autosomal dominant inheritance of PFBC: SCL20A2, 
PDGFRB, PDGFB, and XPR1. Homozygous mutations in Myogenesis-regulating glycosidase (MYORG) were 
recently suggested as a cause of PFBC in individuals of Chinese ancestry. 
Methods: Whole exome sequencing and Sanger-based segregation analysis were used to identify possible disease 
causing mutations. Mutation pathogenicity was validated by structural protein modeling. Functional associations 
between the candidate gene, MYORG, and genes previously implicated in the disease were examined through 
phylogenetic profiling. 
Results: We studied nine affected individuals from two unrelated families of Middle Eastern origin. The median age 
of symptom onset was 29.5 years (range 21-57 years) and dysarthria was the most common presenting symptom. 
We identified in the MYORG gene a homozygous c.1131delC mutation in one family and c.1060_1062delGAC 
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mutation in another. The first mutation results in protein truncation and the second in deletion of a highly conserved 
aspartic acid that is likely to disrupt binding of the protein with its substrate. Phylogenetic profiling analysis of the 
MYORG protein sequence suggests co-evolution with a number of calcium channels as well as other proteins 
related to regulation of anion transmembrane transport and with PDCD6IP, a protein interacting with PDGFRβ 
which is known to be involved in the disease. 
Conclusions: MYORG mutations are linked to a recessive form of primary familial brain calcification. This 
association was recently described in patients of Chinese ancestry. We suggest the possibility that MYORG 
mutations lead to calcification in a PDGFRβ-related pathway. 

412 
TPK1 mutation induced childhood onset dystonia and dyskinesia 
L. Au, A. Chan, C. Lau, V. Mok (Hong Kong, Hong Kong) 
Objective: To describe the clinical manifestation of a patient with TPK1 mutation. 
Background: A number of defects in thiamine metabolism are reported to cause various childhood onset acute 
encephalopathy, lactic acidosis, dystonia and psychomotor retardation. TPK1 mutations resulting in thiamine 
metabolism dysfunction syndrome 5 (episodic encephalopathy type) is the most recently described disorder in this 
group. Twelve other TPK1 mutated patients have been reported so far, but severe dyskinesia has not been reported. 
Methods: Case report. 
Results: A 40-year-old woman had childhood onset generalized dystonia and severe dyskinesia was referred to our 
clinic for consideration of deep brain stimulation. She was the forth child born at term after an uneventful pregnancy 
from non-consanguineous parents. She had an episode of Leigh-like encephalopathy with lactic acidosis at the age 
of 3, when she had tremor and unsteady gait. At 6 years, she had left foot focal dystonia. At 12 years, the dystonia 
spread to her whole body. In addition, she started to have disabling generalized jerky involuntary movements. Her 
younger sister presented similarly at the age of 7 years with severe dystonia but she had no involuntary movements. 
The patient underwent genetic testing, which revealed one heterozygous pathogenic variant (c.502-1G>T, transcript 
NM_022445.3) and one heterozygous variant of uncertain significance (c.167C>T, transcript NM_022445.3) in 
TPK1 gene. 
Conclusions: TPK1 mutation can cause a broad range of clinical symptoms and severity. As more cases are 
diagnosed, the clinical and molecular spectrum of TPK1 mutation continues to expand. Apart from dystonia, severe 
dyskinesia can also be a prominent feature during the disease course. 
References: 1. Mayr JA et al. Thiamine pyrophosphokinase deficiency in encephalopathic children with defects in 
the pyruvate oxidation pathway. Am J Hum Genet. 2011 Dec 9;89(6):806-12. 2. Banka S et al. Expanding 
theclinical and molecular spectrum of thiamine pyrophosphokinase deficiency: a treatable neurological disorder 
caused by TPK1 mutations. Mol Genet Metab. 2014 Dec;113(4):301-6. 3. Fraser JL et al. Thiamine 
pyrophosphokinase deficiency causes a Leigh Disease like phenotype in a sibling pair: identification through whole 
exome sequencing and management strategies. Mol Genet Metab Rep. 2014 Feb 11;1:66-70. 4. Invernizzi F et al. 
Thiamine-responsive disease due to mutation of tpk1: Importance of avoiding misdiagnosis. Neurology. 2017 Aug 
22;89(8):870-871. 5. Mahajan A et al. TPK1 mutation induced childhood onset idiopathic generalized dystonia: 
Report of a rare mutation and effect of deep brain stimulation. J Neurol Sci. 2017 May 15;376:42-43. 
 
 

413 
Reviewing the clinical and mutational spectrum of SLC20A2, PDGFB, PDGFRB, XPR1 and MYORG 
mutations in Primary Familial Brain Calcification (PFBC) for MDSGene 
A. Balck, S. Schaake, J. Margolesky, A. Domingo, C. Klein, A. Westenberger (Lubeck, Germany) 
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Objective: We present the clinical and mutational spectrum of SLC20A2, PDGFB, PDGFRB, XPR1, and MYORG 
mutations, thereby adding a new gene, MYORG, recently found to be mutated in patients with primary familial 
brain calcification (PFBC) to MDSGene. 
Background: The MDSGene database (www.mdsgene.org) summarizes genetic and phenotypic information on 
>500 mutations found in >1000 patients with various movement disorders reported in the literature. 
Methods: A systematic literature screen for SLC20A2, PDGFB, PDGFRB, XPR1, and MYORG in PubMed 
identified 51 articles that reported at least one mutation-positive individual with PFBC and provided clinical 
information on mutation carriers. Mutations were included if they had a minor allele frequency <1% (based on the 
ExAC Browser, dbSNP or unaffected control individuals screened in the publication). We extracted radiological 
data and 70 other phenotypic features for 367 clinically affected and unaffected mutation carriers. 
Results: A total of 367 mutation-positive, symptomatic or asymptomatic individuals with PFBC were included in 
our review. Sixty-five patients from 14 families carried MYORG mutations. General motor signs were the most 
frequently reported clinical feature in 165 individuals (43.8%) including parkinsonism (18.3%) and speech 
disturbance (14.1%). A considerable proportion of patients also displayed non-motor signs, such as cognitive 
deficits (24.1%) or headache (15.4%). At 30.5 years, PDGFB mutation carriers had the lowest median disease age of 
onset (AOO). A total of 124 mutation carriers were described as clinically asymptomatic (32.9%). Detailed cranial 
computed tomography (CCT) data was available for 320 patients (84.9%), showing that brain calcification was most 
common in the basal ganglia (77.2%). Overall, there was a large percentage of missing (unspecified) clinical and 
neuroradiological data. 
Conclusions: Mutations in one of the five genes known genes to cause PFBC lead to calcification of mostly the 
basal ganglia with high phenotypic variability within the same and across genes and with reduced penetrance of 
clinical signs in about a third of the mutation carriers. Our review complements the PFBC section of MDSGene by 
adding MYORG that was recently identified and, as for previous entries, identifies significant data gaps in the 
present literature, especially for non-motor symptoms. 

414 
Early onset parkinsonism and optic atrophy due to SLC25A46 mutations 
G. Bitetto, M.C. Malaguti, E. Monfrini, A. Di Fonzo (Milan, Italy) 
Objective: To define the genetic background of a case affected by parkinsonism with optic atrophy. 
Background: Mutations in SLC25A46 have been recently described as causative of a wide spectrum of 
neurodegenerative disorders including early-onset cerebellar ataxia, optic atrophy, axonal neuropathy and a lethal 
pontocerebellar hypoplasia. SLC25A46 encodes a protein which is involved in mitochondrial dynamics and is 
recruited to the outer mitochondrial membrane. 
Methods: Clinical evaluation was performed by a team of neurologists specialized in movement disorders. Neuro-
ophthalmological evaluation and Visual Evoked Potential were conducted. Genetic analysis was performed using an 
NGS panel followed by whole exome sequencing and Sanger confirmation of the identified mutations. 
Results: A patient affected by optic atrophy since the age of 16 developed asymmetrical resting tremor and foot 
dystonia at the age of 40, followed by bradykinesia. Marked constipation and RBD were present. Family history was 
unremarkable. MRI of the brain showed external capsule with matter T2 hyperintensity. The parkinsonian symptoms 
were slowly progressive. There was an excellent response to levodopa. Genetic analysis excluded mutations in 
mtDNA, OPA1, POLG1, PEO1 and known genes related to autosomal dominant and recessive PD. Exome 
sequencing revealed two novel heterozygous mutations in SLC25A46, a frameshift c.1198_1199insC and a missense 
p.H137R. Both mutations were predicted to be pathogenetic by predictive tools. 
Conclusions: This is the first association of mutations in SLC25A46 and parkinsonism with optic atrophy. 
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415 
Evaluating IL6 and mitochondrial DNA levels as a potential biomarker in carriers of Parkin and PINK1 
mutations 
M. Borsche, I. König, S. Delcambre, S. Petrucci, A. Balck, T. Gasser, N. Brüggemann, S. Pereira, K. Badanjak, K. 
Brockmann, E.M. Valente, R. Youle, A. Grünewald, C. Klein (Lübeck, Germany) 
Objective: To discriminate affected PARK-Parkin and PARK-PINK1 mutation carriers from idiopathic Parkinson’s 
disease (PD) patients and healthy controls using serum IL-6 and mtDNA levels. 
Background: Serum samples from PD patients contain elevated levels of proinflammatory cytokines. However, 
whether inflammation is the consequence of neurodegeneration or contributes to the disease itself remains unknown. 
Recently, studies in murine models suggest that an impaired degradation of dysfunctional mitochondria leads to 
increased IL-6 levels via a STING-dependent mechanism triggered by damage-associated molecular patterns 
(DAMPs) including mtDNA. Findings from a small published cohort corroborated increased IL6 levels in serum 
samples from human Parkin biallelic mutation carriers compared to healthy controls. In order to independently 
replicate these results, we analyzed serum levels of IL-6 and mtDNA in a large cohort of monogenic and idiopathic 
PD patients (IPD), and healthy controls (HC). 
Methods: We analyzed IL-6 serum levels from 23 Parkin biallelic, 36 Parkin heterozygous, 11 PINK1 biallelic, 20 
PINK1 heterozygous, 15 GBA, and 10 LRRK2 mutation carriers as well as from 73 IPD patients, and 125 HC in a 
certified diagnostic laboratory. Samples originated from three independent centers. Additionally, we assessed 
mtDNA levels in a subset of the cohort. 
Results: Our data from two German centers revealed increased IL-6 levels in Parkin/PINK1 biallelic mutation 
carriers (n = 15; 7.1 +/- 1.8 pg/ml) compared to HC (n = 110; 5.5 +/- 1.6 pg/ml). This difference was absent in 
LRRK2 and GBA mutation carriers. The investigation of a third independent cohort from Italy confirmed elevated 
IL-6 levels in patients with Parkin/PINK1-associated PD. Furthermore, we observed increased mtDNA levels in 
biallelic and affected heterozygous Parkin/PINK1 patients (n = 30; 1.1 +/- 1.1) compared to HC (n = 103; 0.41 +/- 
0.38). 
Conclusions: Our findings support the link between Parkin/PINK1-associated PD and inflammation. Increased 
mtDNA levels were consistent with increased IL-6 levels supporting the role of DAMPs also in human PD caused 
by mutations in Parkin/PINK1. Our findings have potential translational impact since alterations in cytokine and 
mtDNA levels may serve as biomarkers or therapeutic targets. 

416 
Spastic ataxia and pseudo eye-of-the-tiger sign in a familiy with a novel compound heterozygous AFG3L2 
mutations 
C. Calandra, G. Buda, S. Vishnopolska, J. Oliveri, F. Olivieri, G. Biagioli, L. Miquelini, A. Pellene, M. Marti 
(Florencio Varela, Argentina) 
Objective: Identify by exome sequencing (ES) the underlying etiology of spastic ataxia and pseudo eye-of-the-tiger 
sign (EOT) in 4 siblings. 
Background: The EOT is a neuroradiologic feature due to excessive iron accumulation in the globus pallidus (GP). 
It is considered pathognomonic of pantothenate kinase associated neurodegeneration (PKAN). Pseudo EOT had 
been described in a few different disorders.The m-AAA is a proteolytic complex located in the inner mitochondrial 
membrane. Two isoforms exists: homo-and hetero-oligomeric forms composed of AFG3L2 AFG3L2/paraplegin 
subunits, respectively. Therefore, at least one normal allele of AFG3L2 is required for paraplegin to function 
properly. Mutations in the m-AAA AFG3L2 subunits and paraplegin are associated with autosomal dominant 
spinocerebellar ataxia (SCA28) and autosomal recessive hereditary spastic paraplegia (SPG7), respectively. 
Homozygous mutations in AFG3L2 affects both isoforms and manifest as spastic ataxia with progressive myoclonic 
epilepsy (PME). 
Methods: A 27 year-old patient presented with slowly progressive gait disturbance since the age of 8 years. He is 
the oldest of 9 siblings; paternal consanguinity was denied. Physical examination revealed cerebellar ataxia and 
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pyramidal signs. Brain MRI revealed pseudo EOT sign on T2-weighted images (iron accumulation was absent on 
gradient-echo and SWI). Three brothers had similar clinical and neuroradiological findings. We used targeted next 
generation sequencing in the index case and verified candidate genes on other family members. 
Results: We performed ES in the proband and found a heterozygous novel stop-gained and a missense variant in 
AFG3L2 gene. They are predicted to produce a  premature stop codon and a missense change, respectively. We infer 
a pathogenic and likely pathogenic classification of the variants. Sanger sequencing confirmed the presence of both 
variants in all the affected members. The parents and 3 siblings were asymptomatic carriers. 
Conclusions: ES enable us to identify an heterozygous compound novel mutation in AFG3L2 gene in 4 siblings 
with spastic ataxia and pseudo EOT. Neither of our patients presented PME. Our 4 cases expand the phenotypic 
spectrum of m-AAA related neurodegeneration. Long term follow-up is necessary to determine if the heterozygous 
members of the family will develop SCA28 phenotype or not. 
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417 
Genetic study of patients with Parkinson's disease subjected to second line therapies 
F. Carrillo, S. Jesus, T. Periñan, R. Escuela, D. Buiza, M.A. Labrador, M. Carrión, A. Adarmes, D. Macias, P. 
Gomez-Garre, P. Mir (Seville, Spain) 
Objective: Parkinson's disease (PD) is a neurodegenerative disorder characterized by remarkable phenotypic 
variability. Accumulated evidence points that the manifestation of PD clinical signs might be differentially modified 
by genetic factors. Long-term treatment with levodopa is accompanied by motor fluctuations and dyskinesias, being 
the infusion therapies and deep brain stimulation (DBS) the effective therapies in more advanced stages. The 
objective of this study was to identify the mutational frequencies of multiple PD-causative genes in PD patients 
undergoing second line therapies. 
Background: Parkinson's disease (PD) is a neurodegenerative disorder characterized by remarkable phenotypic 
variability. Accumulated evidence points that the manifestation of PD clinical signs might be differentially modified 
by genetic factors. Long-term treatment with levodopa is accompanied by motor fluctuations and dyskinesias, being 
the infusion therapies and deep brain stimulation (DBS) the effective therapies in more advanced stages. 
Methods: We performed a prospective study in the movement disorders unit of a reference university hospital 
between 2007-2018. Mutations were identified by an integrated approach including gene dosage analysis, a targeted 
next-generation sequencing panel, repeat-primed polymerase chain reaction, and whole-exome sequencing 
analysis.We analyzed mutations in patients treated with DBS and levodopa-carbidopa intestinal infusion (LCII). 

This article is protected by copyright. All rights reserved.



Results: A total of 149 were included with DBS and 54 patients with LCII. Mutations were more frequent in DBS 
patients than LCII group (26% vs 12.9%, p=0.04).In DBS group the most frequent mutations were in Parkin (5,3%), 
LRRK2 (6,71%) or GBA (5,3%).On the contrary, mutations in Parkin were not detected in the LCII group but 
mutations in GBA and LRRK2 were found in 5,5% of patients. 
Conclusions: Our findings suggest that specific mutations in GBA, Parkin and LRRK2 influence the clinical signs 
of the disease, with significant implications for the selection of specific second line therapies. 

418 
Tremor and parkinsonism in Chromosomopathies – a systematic review 
V. Carvalho, L. Guedes (Matosinhos, Portugal) 
Objective: To review the co-occurrence of parkinsonism and tremor syndromes in patients with chromosomic 
disorders. 
Background: The landscape of genetic forms of Parkinson’s diseases (PD) has exponentially grown in recent years, 
and 10% of DP cases are believed to be associated with a causal or genetic risk variants.  However, the link between 
parkinsonism or tremor and chromosome disorders, both numerical and structural, has been neglect, even though it 
can be crucial for a proper diagnostic work-up. 
Methods: Two independent researchers (VC and LGC) searched PubMed for articles published in until December 
2018, using the non-MESH terms: 
“Cromossomopathy/karyotype/chromosome/aneuploidy/deletion/inversion/insertion/duplication and 
Parkinson/Parkinsonism/Tremor/Parkinsonian disorder”. We restricted the search to human studies, and selected 
articles for further analysis after review of the abstract. Articles in languages other than Portuguese, English, French, 
German and Spanish were excluded. Tremor syndromes in which patients had a clinical reason for syndromes were 
excluded, as well as tremor syndromes associated with point mutations, imprinting syndromes, and patients 
presenting with other hyperkinetic disorders. 
Article reference lists were also reviewed, and relevant articles retrieved for consultation. 
Results: 70 papers were reviewed. Numeric abnormalities of sexual chromosomes were the more often reported 
cases. These patients exhibited more frequently kinetic tremor, commonly described as essential tremor. An 
association between Down’s Syndrome and PD has also been reported, although in autopsy studies less than half of 
the patients had alfa-synuclein. As for deletion and duplication syndromes, the more frequent association was PD 
and 22q11.2 Deletion syndrome but we found reports of kinetic tremor and 6q deletions, 16q11.2 
deletion/duplication, 18q- and 1q- syndromes. The treatment used was also reviewed. 
Conclusions: Apart from 22q11.2 Deletions syndrome and numeric abnormalities of sexual chromosomes, most 
literature consists of small case series and case reports, and hence a causal link cannot be established. In the majority 
of reported cases, the diagnosis was made based on the dysmorphic features or the cognitive and psychiatric 
disorders the patients also presented. 

419 
A novel intronic pentanucleotide TTTGA repeat insertion in SAMD12 causes familial cortical myoclonic 
tremor with epilepsy type 1 
Z.D. Cen, Y. Chen, S. Chen, X.H. Chen, B. Wang, F. Xie, O.Y. Zhiyuan, Z.W. Jiang, A.S. Fu, B. Hu, H.M. Yin, X. 
Qiu, F. Yu, X.P. Du, W.C. Has, Y.X. Liu, H.T. Wang, D.H. Yang, L.B. Wang, C.Y. Liu, J.F. Xiao, B.R. Zhang, W. Luo 
(Hangzhou, China) 
Objective: To identify the genetic cause in a familial cortical myoclonic tremor with epilepsy (FCMTE) pedigree 
without reported pathogenic(TTTCA)n insertions. 
Background: FCMTE is an autosomal dominant neurodegenerative disease, characterized by cortical tremor and 
epileptic seizures1. Intronic (TTTCA)n expansions inserted between polymorphic (TTTTA)n expansion and poly(A) 
tails of Alu elements in the SAMD12, TNRC6A and RAPGEF2 genes have been identified as causes in 78 pedigrees 
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from Japan and China2, 3. However, these (TTTCA)n insertions can only explain 18 out of 21 pedigrees in our 
FCMTE cohort, indicating the existence of other genetic causes3. 
Methods: The FCMTE pedigree in this study is one of the two pedigrees with no (TTTCA)n insertion identified in 
our previous report [detection of (TTTCA)n insertion or (TTTTA)n expansion in TNRC6A and RAPGEF2 was also 
negative]3. Repeat-primed PCR, long-range PCR and Sanger sequencing were used to find a candidate genetic cause 
in this pedigree. Targeted long-read sequencing in PacBio RS II platform was performed to identify the detailed 
structure of this novel intronic pentanucleotide expanded repeat insertion. 
Results: A novel expanded intronic (TTTGA)n insertion at the same site of the previously reported (TTTCA)n 
insertion in SAMD12 co-segregating with the disease in the FCMTE pedigree was identified (figure 1). Targeted 
long-read sequencing in PacBio RS II platform was performed in two patients (II:6 and III:4) and one asymptomatic 
carrier (IV:2) in this pedigree, with one previously reported patient (P-I-III2 from an another pedigree, Pedigree I) 
carrying (TTTCA)n insertion as positive control (figure 2) 3, 4. A total of 302, 159, 207 and 50 on-target subreads 
(accuracy ≥90%) spanning the target repeat expansion region were generated for these individuals respectively, 
which uncovered the accurate structures of the repeat expansions as (TTTTA)114-124(TTTGA)108-116 in the 
pedigree and (TTTTA)38(TTTCA)479 in P-I-III2 (figure 3 and table 1). 
Conclusions: The targeted long-read sequencing helps us elucidate the accurate structures of the pathogenic 
(TTTGA)n and (TTTCA)n insertions. Our finding further expands the mutational spectrum of SAMD12-associated 
FCMTE and sheds light on the identification of the genetic causes of FCMTE pedigrees with when no (TTTCA)n 
insertion could be detected in the reported causative genes. 
References: 1. van den Ende T, Sharifi S, van der Salm SMA, van Rootselaar AF. Familial Cortical Myoclonic 
Tremor and Epilepsy, an Enigmatic Disorder: From Phenotypes to Pathophysiology and Genetics. A Systematic 
Review. Tremor Other Hyperkinet Mov (N Y) 2018;8:503. 2. Ishiura H, Doi K, Mitsui J, Yoshimura J, Matsukawa 
MK, Fujiyama A, Toyoshima Y, Kakita A, Takahashi H, Suzuki Y, Sugano S, Qu W, Ichikawa K, Yurino H, Higasa 
K, Shibata S, Mitsue A, Tanaka M, Ichikawa Y, Takahashi Y, Date H, Matsukawa T, Kanda J, Nakamoto FK, 
Higashihara M, Abe K, Koike R, Sasagawa M, Kuroha Y, Hasegawa N, Kanesawa N, Kondo T, Hitomi T, Tada M, 
Takano H, Saito Y, Sanpei K, Onodera O, Nishizawa M, Nakamura M, Yasuda T, Sakiyama Y, Otsuka M, Ueki A, 
Kaida KI, Shimizu J, Hanajima R, Hayashi T, Terao Y, Inomata-Terada S, Hamada M, Shirota Y, Kubota A, Ugawa 
Y, Koh K, Takiyama Y, Ohsawa-Yoshida N, Ishiura S, Yamasaki R, Tamaoka A, Akiyama H, Otsuki T, Sano A, 
Ikeda A, Goto J, Morishita S, Tsuji S. Expansions of intronic TTTCA and TTTTA repeats in benign adult familial 
myoclonic epilepsy. Nat Genet 2018. 3. Cen Z, Jiang Z, Chen Y, Zheng X, Xie F, Yang X, Lu X, Ouyang Z, Wu H, 
Chen S, Yin H, Qiu X, Wang S, Ding M, Tang Y, Yu F, Li C, Wang T, Ishiura H, Tsuji S, Jiao C, Liu C, Xiao J, 
Luo W. Intronic pentanucleotide TTTCA repeat insertion in the SAMD12 gene causes familial cortical myoclonic 
tremor with epilepsy type 1. Brain 2018. 4. Cen Z, Huang C, Yin H, Ding X, Xie F, Lu X, Ouyang Z, Lou Y, Qiu X, 
Wang Z, Xiao J, Ding M, Luo W. Clinical and neurophysiological features of familial cortical myoclonic tremor 
with epilepsy. Mov Disord 2016;31:1704-1710. 
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420 
Identification of aberrant circulating miRNAs in Parkinson’s disease plasma samples 
L. CHEN, J. YANG (Tianjin, China) 
Objective: To detect the aberrant expression of circulating miRNAs and explore thepotential early diagnostic 
biomarkers in patients with Parkinson’s disease (PD). 
Background: In the past years, miRNAs were found to be present in bodyfluids including blood, plasma, serum, 
saliva, urine, and milk. Circulating miRNAs may serve as novel diagnostic and prognostic biomarkers for human 
diseases. miRNA expression profiles in PD-diagnosed patients have been analyzed and reported, and the function of 
miRNAs in regulating PD has been thoroughly discussed. Although there were a few studies examining the 
expression pattern of circulating miRNAs in the blood samples of PD-diagnosed patients, it is still unidentified for 
the PD-specific miRNAs that can be applied for clinical diagnosis and/or prognosis of PD. 
Methods: Plasma samples were collected from 25 treatment-naïve PD-diagnosed patients and 25 healthy controls 
followed by a real-time PCR-based miRNA screening analysis of neuron disease-related miRNAs. 
Results: A subset of miRNAs with aberrant expression levels in the plasma of PD-diagnosed patients were 
identified including upregulation of miR-27aand downregulation of let-7a,let-7f,miR-142-3p,and miR-222 with the 
AUC values more than 0.8 derived from the receiver operating characteristic curves. 
Conclusions: The high sensitivity and specificity of the circulating miRNAs may enable early diagnosis of PD. The 
study provides a group of novel miRNA candidates for detecting PD. 

421 
SNCA G51D missense mutation causing juvenile onset Parkinson’s disease 
C. Cooper, J. Goldman, C. Zabetian, I. Mata, J. Leverenz (Chicago, IL, USA) 
Objective: To report the clinical and genetic features in a Parkinson’s patient with the SNCA G51D missense 
mutation. 
Background: α-synuclein (SNCA) gene mutations are recognized for causing rare familial forms of Parkinson’s 
disease (PD). The SNCA G51D missense mutation has been associated with a unique parkinsonian phenotype, often 
overlapping PD and multiple system atrophy, and with abundant pathological accumulation of α-synuclein. In the 
few published cases available, symptomatology of G51D patients reveals early onset, levodopa-responsive 
parkinsonism, pyramidal signs, cognitive impairment, visual hallucinations, and autonomic dysfunction. 
Methods: Our case is a 23 year-old male of European ancestry with a 9-year history of parkinsonism. He first 
developed visual hallucinations at age 10, followed by behavioral changes at age 12, and tremors in his left leg and 
right arm at age 14. He developed profound motor parkinsonism with rapid progression and marked wearing off, 
dyskinesias, stiffness, and freezing (video). He is responsive to medications including carbidopa/levodopa, 
rotigotine, and apomorphine, but multiple other PD-medications provided only short-term benefit. Visual 
hallucinations have been absent in his adulthood. Current neuropsychological evaluation reveals a MMSE 26/30 and 
intact cognitive function. DBS evaluation is presently underway. Of note, his father died at the age of 42 after 
having parkinsonism and dementia for about 5 years; autopsy revealed diffuse Lewy Body disease with severe 
involvement of hippocampal CA2-4 fields. 
Results: Using a next generation sequencing panel we screened the entire coding region and intron-exon boundaries 
of 18 genes linked to neurodegenerative disorders in which parkinsonism has been reported.  We identified a 
pathogenic mutation in the SNCA gene, c.152G>A (p.Gly51Asp). 
Conclusions: This report illustrates a case of the SNCA G51D missense mutation causing parkinsonism with 
marked motor fluctuations, modest dopaminergic response, and intact cognitive and autonomic function. To our 
knowledge, our case is the youngest reported for age of onset. While cases in the literature share the G51D 
genotype, clinical phenotypes remain heterogeneous. Future reports on responsiveness to DBS will be informative 
regarding therapies and outcomes. 
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422 
PRECISE-PD: From pathophysiology to precision medicine for Parkinson’s disease 
J.C. Corvol, S. Durrleman, S. Lehericy, D. Devos, W. Meissner, E. Bezard, D. Grosset, H. Morris, O. Monchy, E.A. 
Fon, F. Durif, F. Tubach, Y. De Rycke, O. Rascol (Paris, France) 
Objective: To propose a mechanism-based progression model of Parkinson’s disease (PD) by combining genetic, 
imaging, and longitudinal clinical data from a large cohort of patients. 
Background: PD is a complex neurodegenerative disease characterized by the progression of motor and non-motor 
symptoms. The relationships between progression profiles and their underlying molecular mechanisms remain to be 
identified. 
Methods: Since 2016, the French clinical research network for Parkinson’s disease and movement disorders (NS-
PARK/FCRIN) has implemented a web-based solution to prospectively collect clinical information from all 
consecutive PD patients followed in the 25 expert centers for PD in France, updated by the neurologist at each visit 
of the patient. Thanks to the French patient organization France Parkinson, we recently got funding from the French 
patient organization France Parkinson to implement a biobank and a multicenter brain imaging pipeline, and to 
develop computerized approaches to model disease progression by integrating clinical, genomic, and brain imaging 
data. 
Results: The NS-PARK database currently includes clinical data from around 20,000 patients. A centralized 
biobank will provide standardized samples of DNA, plasma, and serum from at least 5,000 patients. Genotyping will 
be performed by using the last generation of genome wide genotyping arrays, and data will be imputed to extend 
genomic data for these patients. We will used the national Center for Image Acquisition and Processing (Centre 
d’Acquisition et de Traitement de Images – CATI) to monitor and centralized standardized brain imaging data 
(MRI) obtained from patients. We will combine different computational and statistical approaches including latent 
class models, Bayesian non-linear models, and non-negative matrix factorization allowing to model and predict 
individual trajectories by integrating clinical, biological, and brain imaging data. Replication is planned to be 
performed in independent cohorts. 
Conclusions: PRECISE-PD is an unpreceded opportunity to open the path to the new era of precision and 
personalized medicine for PD. 

423 
The role of genetic modifiers in Parkinson’s disease-associated LRRK2-G2019S mutation 
T. Courtin, G. Ianello, H. Bertrand, S. Benromdhan, C. Tesson, C. Mhiri, J.C. Corvol, S. Lesage, A. Brice (Paris, 
France) 
Objective: The aim of the study is to use genome-wide approach to elucidate genetic variability that influences 
LRRK2 G2019S penetrance in Parkinson's Disease (PD). 
Background: Mutations in Leucine-rich repeat kinase 2 (LRRK2) mutation G2019S are the most frequently 
reported monogenic cause of PD among them, the glycine to serine substitution (G2019S) is the most common (1% 
of sporadic and 4% of familial PD patients worldwide, international LRRK2 consortium). This frequency varies 
greatly between ethnic groups, from 30-40% in North African countries to 0-3% in northern countries. Some carriers 
have early-onset Parkinsonism whereas others remain asymptomatic despite advanced age suggesting the influence 
of additional genetic variations. 
Methods: We recruited a clinic-based cohort of LRRK2 G2019S carriers including 289 participants from North 
Africa (224 unrelated carriers and 65 related carriers). LRRK2 carrier status was confirmed by Sanger sequencing or 
TaqMan SNP assays-on-demand. All samples were genotyped using Infinium OmniExpress-24-v1 array. We used 
genome-wide association analysis (GWAS) for related/unrelated G2019S carriers to find out loci of interest. 
Results: When using age at onset (AAO) as quantitative trait, we identified two suggestive SNPs (rs1762792, 
pvalue = 8.70E-08; rs1360821 pvalue = 1.00E-07) by GWAS within the intergenic region between FABP5P4 and 
GPC6 (chromosome 13q31.3).These findings where confirmed when AAO was used as a categorical variable 
(dichotomised by median onset, 52 years, rs1762792 - pvalue = 1.20E-07; rs1360821 - pvalue = 2.00E-07). By using 
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Kaplan–Meier analysis we compared how AAO varied with rs1762792 genotypes in all 276 G2019S carriers 
analysed. The CC homozygotes had a median AAO of 47 years while TT homozygotes had a median AAO of 57 
years; this suggests a protective role of the wild type allele. GWAS did not show any significant association with the 
DNM3 locus (rs2901600, pvalue = 0.8624) and the AAO in 276 North African related and unrelated affected G2019 
carriers. 
Conclusions: Our data suggests that genetic variability in 13q31.3 region may influence AAO for LRRK2 G2019S 
parkinsonism. These findings need to be replicated in other cohort of patients with a different ethnical background. 
This replication study is currently undergoing through an international collaboration. 

424 
Targeted NGS of genes related to hereditary and sporadic NDDs and movement disorders in Italian cohort 
G. Dati, M. Picillo, M. Ginevrino, A. Vallelunga, M.T. Pellecchia, E.M. Valente, P. Barone (Baronissi, Italy) 
Objective: We applied a genetic panel targeting genes causative of NDDs, but we also included several risk factor 
genes, to assess the efficacy of a targeted NGS panel as an effective tool to create a more detailed genetic profile for 
patients and to highlighting the role of NGS in uncovering pleiotropic events in NDDs. 
Background: The clinical diagnosis of NDDs based on phenotype is difficult in heterogeneous conditions with 
overlapping symptom. Some of the disorders are associated with mutations in a single gene such as SCA, HSP, 
CMT; the others such as AD, FTD, or PD were defined as complex genetic disorders and several different gene loci 
could play role in their onset. The observation of pleiotropy has emerged, with mutations in the same gene giving 
rise to diverse phenotypes, which further increases the complexity of phenotype-genotype correlation. NSG has been 
very successful in this regard because it confers the advantage of detecting variants in all genes simultaneously with 
a highly sensitivity. 
Methods: Using the NGS panel, designed to sequence the encoding area of 34 genes related to NDDs manifesting 
with movement and cognitive disorders, we performed a mutation screening of the DNA of 86 Italian patients with 
early-onset (<60 years) movement disorders and cognitive and/or behavioural disturbances with or without familial 
history for NDDs. 
Results: We detected 34 known causative mutations, novel and potentially pathogenic variants in approved and 
possible candidate disease genes, risk factors, and modifiers in 30 patients (26%). We found 17 patients carrying 
more than one potentially disease-causing variant, suggesting the hypothesis that NDDs might be of complex 
genetic origin. Our data have revealed pleiotropic events, reinforcing the notion that some neurodegenerative 
diseases are part of pathological spectrums arising from common molecular processes. 
Conclusions: The majority of patients with these disorders are sporadic with unknown etiology, probably involving 
a combination of genetic and environmental risk factors. The observation of pleiotropy suggests that common 
pathological mechanisms may underlie clinically diverse neurological syndromes. With NGS, genetic diagnosis is 
already replacing phenotype-oriented classification of neurological disorders, and individualized treatment based on 
genetic findings may one day be available to treat neurodegenerative diseases. 

425 
Using whole genome sequencing and intronic sequence analysis to identify pathogenic variants in Parkin-
related Parkinson's Disease 
R. Davis, K. Kumar, F. Edema-Hildebrand, J.-S. Park, B. Koentjoro, V. Gayevskiy, M. Cowley, N. Blair, C. Sue (St 
Leonards, Australia) 
Objective: To clarify the genetic cause of autosomal recessive early-onset Parkinson’s Disease (EOPD) for which 
only a single heterozygous coding mutation could be identified. 
Background: Mutations in PRKN and PINK1 genes are the predominant cause of autosomal recessive EOPD. 
Previous estimates suggested ~50% of early-onset PD patients with PINK1 or PRKN mutations have only one 
identifiable heterozygous variant (1). We employed comprehensive next generation sequencing and non-coding 

This article is protected by copyright. All rights reserved.



sequence interrogation to identify a second variant in patients with a strong clinical phenotype and biochemical 
evidence implicating PRKN. 
Methods: The coding regions of PRKN were sequenced by Sanger sequencing. Total protein from patient-derived 
fibroblasts was assessed by Western blotting to determine Parkin protein expression and function. Whole genome 
sequencing was complimented by analysis of PRKN non-coding regions using our novel bioinformatic tool, 
Introme. RT-PCR analysis of Parkin transcripts was performed on cyclohexamide-treated patient-derived 
fibroblasts. A custom antisense morpholino oligonucleotide was used to treat patient-derived fibroblasts for aberrant 
splicing correction. 
Results: Sequencing of PRKN coding regions identified a 40 bp heterozygous deletion from exon 3 in four siblings 
presenting with EOPD, but was absent in their mother. Western blotting revealed a complete quantitative and 
qualitative absence of Parkin, indicating a second allelic variant ought to be present. Introme analysis of non-coding 
sequences revealed two candidate variants in intron 7 of PRKN that were present in both the patients and their 
mother. The intronic variants introduced potential canonical splice site motifs. Transcript analysis identified cryptic 
exon inclusion that would result in premature truncation of Parkin. An antisense oligonucleotide targeted to the 
causative variant was trialled for correction of the splicing defect in the hope of restoring nominal Parkin function. 
Conclusions: Using whole genome sequencing and intronic sequence examination, we identified a second allelic 
variant to solve a case of autosomal recessive PD with only a single heterozygous variant initially identified. This 
approach could be applied to cases of this type for any genetic disorder and may be useful for solving a number of 
unresolved familial (and potentially 'sporadic') PD cases. 
References: (1) Klein, C. et al. (2007) Deciphering the role of heterozygous mutations in genes associated with 
parkinsonism. Lancet Neurol 6(7):652-62 

426 
Differential Gene Expression in Parkinson Disease and Chronic Traumatic Encephalopathy 
F.V. DeLos Reyes (Quezon City, Philippines) 
Objective: The research would like to determine if similar overexpressed genes between CTE and PD may explain 
the occurrence of parkinsonism in CTE. This was addressed by identifying overexpressed genes common in patients 
diagnosed with CTE and PD to determine a plausible link between the two conditions that may be associated with 
aberrant brain activity that leads to their distinct neuropathology. 
Background: Chronic traumatic encephalopathy (CTE), a neurodegenerative disease associated with repetitive head 
impacts that lead to progressive injury, is diagnosed neuropathologically by the accumulation of 
hyperphosphorylated tau manifesting as neurofibrillary and astrocytic tangles around small vessels and in the depths 
of the cerebral sulci. The accumulation of tau presents as gross changes in the cortical and subcortical structures. In 
comparison, Parkinson’s disease (PD) is diagnosed neuropathologically by the presence of Lewy bodies in the 
substantia nigra and associated brainstem structures. However, the development of PD has been observed in patients 
that are clinically diagnosed with CTE.[1][2] 
Methods: Transcripts from the public domain archive of the NCBI SRA were identified for RNA sequence using 
the search string “Chronic Traumatic Encephalopathy” and “Parkinson”. Available whole RNA sequencing analysis 
of postmortem brain tissue from patients with CTE, patients with PD, and normal controls were analyzed separately. 
Comparison between genes of patient groups with CTE and PD identified the presence of overexpressed genes that 
significantly differed from normal controls but showed similar profile in the CTE and PD groups.[3][4] 
Results: Comparison between the two groups showed a significant difference between the expression several genes 
of diverse function, including genes for transcription factors SOX6 and NCOR1, methyltransferase protein 
METTL7A, transport protein MVP, and ribonuclease protein RNASE3,  when compared to the controls but no 
significant difference between the CTE and the PD groups, indicating similar overexpression profile. 
Conclusions: The genes that exhibited overexpression in both CTE and PD when compared to controls may be a 
clue to underlying transcription pathology that propagate the lesions in both conditions. This may provide useful 
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information for future research in understanding the mechanism on why CTE may present with movement disorders 
and not only cognitive and behavioral changes. 
References: [1] Adams JW, Alvarez VE, Mez J, et al. Lewy Body Pathology and Chronic Traumatic 
Encephalopathy Associated With Contact Sports. J Neuropathol Exp Neurol. 2018;77(9):757-768. [2] McKee AC, 
Stern RA, Nowinski CJ, et al. The spectrum of disease in chronic traumatic encephalopathy. Brain. 2012;136(Pt 
1):43-64. [3] Transcriptome analysis of Chronic traumatic encepahlopathy. NCBI SRA Accession Number: 
PRJEB13579 https://www.ncbi.nlm.nih.gov/bioproject/392065 [4] mRNA-Seq expression and MS3 proteomics 
profiling of human post-mortem BA9 brain tissue for Parkinson Disease and neurologically normal individuals. 
NCBI SRA Accession Number: PRJNA283498 https://www.ncbi.nlm.nih.gov/bioproject/283498 

427 
Comparison of Gene Expression in Parkinson’s Disease and Bipolar Disorder 
F.V. DeLos Reyes (Quezon City, Philippines) 
Objective: The aim of this research is to compare the overexpressed genes in patients with Parkinson's Disease (PD) 
and patients with Bipolar Disorder (BD) versus normal controls to determine if parallel overexpression in certain 
genes may indicate the possible association at the level of gene function. 
Background: Research illustrating the association between PD and BD in genome-wide association studies and 
single nucleotide polymorphism report have shown that the two diseases are associated. Although certain genes have 
been described to occur in both PD and BD, there is no discussion on the established function of these genes and the 
possible common mechanisms between PD and BD that is linked to such increase in gene expression. [1] [2] 
Methods: The samples utilized were taken from the public domain archive of the NCBI SRA. RNA sequence 
transcripts were detected using the search string “Bipolar Disorder” and “Parkinson”. Only whole RNA sequencing 
analysis of postmortem brain tissues from patients with BD, patients with PD, and normal controls were analyzed. 
The gene expression frequency of the patient groups with BD and PD were used to identify highly expressed genes 
that significantly differed from normal controls but showed similar profile in the two patient groups. The genes 
compared were limited to only those that have a 0.1+/- difference in expression. Only the known genes that were 
described to be associated with inflammation, repair, tissue injury, and remodeling were compared. 
Results: Among the common genes that were expressed in both cases more than the normal controls, IMPA2 was 
the only gene that had an established associated with BD. However, certain genes that have been described to 
increase in high oxidative stress processes (VNN), innate immunity and damage control (CPAMD8, FGFBP2), 
apoptosis (MAP3K10), tissue differentiation (GPRC5A, LIF, PCDI), tissue remodeling (CHI3L1), and response to 
hypoxia (EPAS1) showed comparably similar overexpression profiles, which were not seen in normal controls. 
Conclusions: The increase in expression in genes associated with tissue injury, remodeling, and repair may be an 
indicator of an underlying pathobiologic mechanism that may explain the occurrence of PD in patients with a history 
of mood disorder. [3] This information may be useful in planning future studies to identify the risk of developing PD 
in cases diagnosed with BD or major depressive disorder. 
References: [1] Schulze T, Akula N, Breuer R, Steele J, et al. Molecular genetic overlap in bipolar disorder, 
schizophrenia, and major depressive disorder. The World Journal of Biological Psychiatry, 2014; 15;3, 200-208. [2] 
Buervenich S, Xiang F, Sydow O, Jönsson EG, et al. Identification of four novel polymorphisms in the calcitonin/α‐
CGRP (CALCA) gene and an investigation of their possible associations with Parkinson disease, schizophrenia, and 
manic depression. Hum. Mutat.,2001; 17: 435-436. [3] Gustafsson H, Nordström A, Nordström P. Depression and 
subsequent risk of Parkinson disease: A nationwide cohort study. Neurology. 2015;84(24):2422-9. 

428 
Associations of microtubule associated protein tau (MAPT) H1 subhaplotypes and the MAPT H2 haplotype 
with demographic and clinical features in Parkinson`s disease 
A. Deutschlander, M. Heckman, T. Konno, M. Ossi, N. Diehl, A. Soto, A. Strongosky, R. Uitti, J. van Gerpen, O. 
Ross, W. Zbigniew (Jacksonville, FL, USA) 
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Objective: To assess associations of microtubule associated protein tau (MAPT) H1 subhaplotypes and the H2 
haplotype with clinical features in patients with Parkinson`s disease (PD). 
Background: The MAPT H1 haplotype has been shown to increase the risk for several neurodegenerative diseases. 
Little, however, is known about associations of MAPT (sub-)haplotypes with clinical and demographic features in 
patients with PD. 
Methods: We included 856 Caucasian patients with PD, who were seen at the Mayo Clinic Florida and who had no 
known PD-causing mutation. We retrospectively extracted the following clinical and demographic information from 
patients’ charts: age at PD onset, sex, disease duration, rate of disease progression, survival after PD onset, levodopa 
use/response, bradykinesia, rigidity, postural instability, resting tremor, postural tremor, dementia, dystonia, 
dyskinesia, autonomic dysfunction (gastrointestinal, urogenital), impulse control disorder, (pseudo-)hallucinations, 
depression, orthostatic hypotension, REM sleep behavior disorder (RBD), restless legs syndrome (RLS), and PD 
subtype (akinetic-rigid, tremor-dominant, gait difficulty, or mixed). Genetic analyses: Five MAPT variants tagging 
H1 subhaplotypes (rs1467967, rs242557, rs3785883, rs2471738, rs7521) and one H2 haplotype tagging variant 
(rs8070723) were genotyped (QuantStudio 7 Flex Real-Time PCR system, Applied Biosystems). Genotype call rates 
were 100% for each variant. Associations were calculated for MAPT H1 subhaplotypes seen in >1% of patients and 
for the H2 haplotype. 
Results: Significant associations (P< 0.0021) were observed between the H1b subhaplotype and a higher risk of 
orthostatic hypotension (OR=1.72); H1j and a lower risk of resting tremor (OR=0.14) and a higher risk of RBD 
(OR=3.21); H1r and a lower risk of bradykinesia (OR=0.14); H1v and a higher risk of RLS (OR=5.49). Suggestive 
associations (P< 0.01) were noted for H1b (dyskinesia), H1f [dystonia, (pseudo-)hallucinations], and H1v 
(depression). No significant and no suggestive associations of the H2 hapolotype and any clinical or demographic 
feature studied were observed. 
Conclusions: Several MAPT H1 subhaplotypes (H1b, H1j, H1r, and H1v) were significantly associated with 
specific clinical features seen in PD (orthostatic hypotension, resting tremor, RBD, bradykinesia, and RLS). 

429 
Variants in the beta-Glucocerebrosidase A (GBA) gene in German patients with Parkinson´s disease 
A. Deutschlander, A. Wernick, R. Walton, A. Soto, O. Ross, Z. Wszolek (Jacksonville, FL, USA) 
Objective: To characterize GBA variants in a cohort of German patients with PD. 
Background: GBA encodes the lysosomal enzyme beta-glucocerebrosidase A. GBA mutations cause the lysosomal 
storage disorder Gaucher disease (GD, types 1, 2, and 3) and have been found to increase the risk of Parkinson´s 
disease (PD), reduce age at PD onset and increase the risk of neuropsychiatric manifestations in PD. In fact, GBA 
mutations are the largest risk factor for idiopathic PD identified to date. Several genetic variants 
(polymorphisms), which do not cause GD, have also been found to be associated with an increased risk for PD. 
Heterozygous GBA mutation carriers have a risk of 10-30% to develop PD by age 80 years, corresponding to a 20-
fold increase versus non-carriers; 5-25% of non-familial PD patients carry GBA mutations. GBA variants have 
further been shown to be associated with a distinct cognitive profile in PD (prevailing deficits in working memory, 
executive function and visuospatial abilities). 
Methods: Whole-gene sequencing of the GBA gene (11 exons; NP_000148.2) was performed using DNA samples 
of 332 German patients with PD (primer sequences available upon request). All patients were Caucasian; 32% had a 
positive family history. 
Results: All 11 GBA exons were sequenced with 100% coverage. We found GBA variants in 44 out of 326 German 
patients (13.5%), including 13 non-synonymous (one of them being novel), three synonymous, and one nonsense 
variant (exon 8) as well as one deletion (exon 1). We present data including minor allele frequencies and in silico 
pathogenicity analyses for all variants identified. Six patients were heterozygous and two patients were homozygous 
for the E365K polymorphism. The N370S mutation was not found. 
Conclusions: We report data on whole gene sequencing of the GBA gene in a large cohort of German patients. 
GBA variants were frequent in our cohort of German patient with PD. 
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430 
Parkinsonism and other motor features in familial frontotemporal dementia with mutations in the MAPT, 
GRN, or C9orf72 gene (LEFFTDS cohort) 
A. Deutschlander, R. Savica, M. Heckman, D. Brushaber, J. Syrjanen, H. Rosen, A. Boxer, B. Boeve, Z. Wszolek 
(Jacksonville, FL, USA) 
Objective: We compared motor features in patients with familial frontotemporal dementia (f-FTD) and MAPT, 
GRN or C9orf72 gene mutations. Special emphasis was placed on the evaluation of parkinsonism. 
Background: Little data exists on the differential occurrence of motor features including parkinsonism in patients 
with f-FTD due to different genetic mutations. 
Methods: Clinical data on motor features (frequency and severity) and demographic data was analysed in 84 
patients with mutations in MAPT (n=31), GRN (n=20), and C9orf72 (n=31); 44 of these patients had motor signs. 
All patients participated in the Longitudinal Evaluation of Familial Frontotemporal Dementia Subjects (LEFFTDS) 
study. 
Results: Parkinsonian signs including resting tremor, hypokinesia and falls as well as spastic gait and impairment of 
vertical saccades were mostly encountered in the MAPT group. Dystonia was most severe and most frequent in the 
GRN group. Muscle atrophy was most severe in patients with the C9orf72 mutation (P<0.05). Age at onset (AAO) 
of motor features was lowest in patients with MAPT and highest in patients with C9orf72 mutations (median: 48 
versus 67 years; P<0.0167). AAO of overall disease onset (as well as of cognitive and behavioral signs) was lowest 
in patients with MAPT mutations (P<0.0167).On the Unified Parkinson’s Disease Rating Scale (UPDRS) III, no 
statistical significant results were seen across groups. Progressive supranuclear palsy rating scale (PSPRS) total 
scores were highest in patients with GRN mutations (P=0.049, n=57). Several clinical phenotypes were associated 
only with mutations in one of the three genes. Phenotypes compatible with PSP and Parkinson's disease were seen 
only in individuals with MAPT mutations. A phenotype compatible with corticobasal syndrome occurred only in 
patients with GRN mutations. 
Conclusions: Parkinsonism (resting tremor, hypokinesia and postural instability) and impaired saccades were most 
frequent and most severe in the patients with MAPT mutations. This group also had the earliest AAO of motor 
features. Differential severity of specific motor features and differential AAO for motor, cognitive and behavioral 
signs was found in f-FTD associated with MAPT, GRN or C9orf72 mutations. 

431 
Spastic Paraplegia Type 64: a Case Series 
K. Donis, L. Paskulin, R. Tenório, J. Rocha, T. Silva, J. Saute (Porto Alegre, Brazil) 
Objective: to present four cases (two families) with a likely diagnosis of spastic paraplegia type 64 (SPG 64), 
broadening this disease phenotype. 
Background: SPG64 is an ultra rare autosomal recessive complicated form of hereditary spastic paraplegia (HSP) 
caused by pathogenic variants in ENTPD1. Currently, three families with SPG64 has been described in the 
literature, presenting with microcephaly, intellectual disability, dysarthria, abnormal gait and spasticity. 
Methods: Case series from a single neurogenetics center. 
Results: Patient 1 (Family 1) is a 26yo female, born to consanguineous parents, who presented intellectual disability 
with speech regression at 2yo, imbalance, seizures, scoliosis and ankle contracture. Her phenotype have also 
included flaccid paraparesis, arreflexia, Babinski sign, and minor facial dysmorphisms. Nerve conduction studies 
were normal, and thin corpus callosum was present on brain MRI. Whole exome sequencing (WES) showed a 
homozygous likely pathogenic variant (c.769_770delGG, p.Gly257Glu fs*18) in ENTPD1. Her sister (Patient 2), 
currently with 32 yo, presented mild developmental delay and pyramidal signs, bilateral hearing impairment, 
microcephaly, mild intellectual disability and velopharyngeal insufficiency. Patient 3 (Family 2) is a 16yo female, 
born to consanguineous parents, with a Rett-like phenotype characterized by regression of developmental 
milestones, intellectual disability (marked in speech), stereotypies, seizures,  hyporreflexia, and Babinski sign. Her 
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sister (Patient 4) presented a very similar clinical picture, associated to feet contractures. WES revealed a 
homozygous likely pathogenic variant in ENTPD1 (c.574-8_574-5delTCTT) in both sisters. 
Conclusions: We have presented 4 cases from 2 families with the core feature of intellectual disability with mild 
pyramidal signs associated to likely pathogenic variants in ENTPD1. Functional and pathophysiological studies are 
paramount to establish and understand better this nosological entity, which up to now was based only on clinical and 
genetic data. ENTPD1 variants should be considered in the differential diagnosis of patients with intellectual 
disability or suspicion of complicated forms of HSP with or without thin corpus callosum. 
References: 1- Novarino, G., Fenstermaker, A. G., Zaki, M. S., Hofree, M., Silhavy, J. L., Heiberg, A. D., 
Abdellateef, M., Rosti, B., Scott, E., Mansour, L., Masri, A., Kayserili, H., and 41 others. Exome sequencing links 
corticospinal motor neuron disease to common neurodegenerative disorders. Science 343: 506-511, 2014. 2- Jean 
Mamelona, Nicolas Crapoulet and Alier Marrero. A new case of spastic paraplegia type 64 due to a missense 
mutation in the ENTPD1 gene. Hum Genome Var. 2019; 6: 5. Published online 2019 Jan 11. doi: 10.1038/s41439-
018-0036-4. 

432 
Whole Exome Sequencing Identifies a Homozygous POLG2 Missense Variant in an adult patient presenting 
with movement disorders and Mitochondrial DNA Depletion 
P. Dosekova, V. Habalova, M. Skirkova, V. Han, A. Mosejova, Z. Gdovinova, M. Skorvanek, R. Ploski (Kosice, 
Slovakia) 
Objective: To determine cause of disease in an adult patient with an undiagnosed chronic neurodegenerative 
disease. 
Background: POLG2 is a nuclear gene responsible for mtDNA replication. Its impaired function results in 
mitochondrial DNA (mtDNA) depletion. There was only one described case of homozygous POLG2 mutation 
(Chr17 (Hg19): 62492543G>A POLG2) so far, resulting in mitochondrial depletion syndrome and fatal hepatic 
failure at 3 months of age [1].  Other described cases in POLG2 were in heterozygous state and manifested with 
broad clinical spectrum of movement disorders including parkinsonism, ataxia and tremor [2]. 
Methods: 39 year old female presenting with optic atrophy and severe visual impairment, mixed polyneuropathy, 
spinal and cerebellar ataxia and generalized chorea found with severe mtDNA depletion. 
Results: Whole-exome sequencing identified a homozygous missense variant located at (Hg19) Chr17: 062474101-
C>A (p.Asp433Tyr) in POLG2. The POLG2 variant was in heterozygous state in both parents and two sisters of the 
patient (who were all healthy). The POLG2 variant was absent from gnomAD database and was predicted as 
pathogenic by MutationTaster, FATHMM, FATHMM-MKL, MetaSVM, MetalR,MutationAssessor, SIFT, Provean. 
The mtDNA/nDNA ratio in white blood cells from patient was reduced to approx. 44%  of the mean value for 
control samples. 
Conclusions: This is the first case of homozygous mutation in POLG2 gene in adult patient with mtDNA depletion. 
References: 1. Varma H, Faust PL, Iglesias AD, Lagana SM, Wou K, Hirano M, et al. Whole exome sequencing 
identifies a homozygous POLG2 missense variant in an infant with fulminant hepatic failure and mitochondrial 
DNA depletion. Eur J Med Genet. 2016;59(10):540–5. pmid:2759214 2. Van Maldergem L, Besse A, De Paepe B, 
et al. POLG2 deficiency causes adult-onset syndromic sensory neuropathy, ataxia and parkinsonism. Ann Clin 
Transl Neurol. 2016;4(1):4-14. 

433 
LRP10 variants and Parkinson’s disease in the Chinese population 
J.N. Foo, E. Chew, M. Lian, M. Tandiono, E.K. Tan (Singapore, Singapore) 
Objective: LRP10 variants have recently been identified in individuals with familial Parkinson's disease (PD) and 
dementia with Lewy bodies. We aim to investigate if any of the reported variants are present in 2,409 Chinese 
Parkinson's disease patients and controls from Singapore. 
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Background: A recent study reported by Quadri et al (2018) has identified nine rare, potentially pathogenic LRP10 
variants in individuals with familial Parkinson's disease (PD) and dementia with Lewy bodies. Of interest, the 
LRP10 1424+5delG splice variant was found in probands of two unrelated Chinese families from Taiwan. The 
c.1424+5delG variant appears to be specific to East Asians and is extremely rare, found in five heterozygotes out of 
8,623 individuals (0.029%) in gnomAD data. It is unclear if this variant is associated with PD risk in the Chinese 
population. 
Methods: We sequenced all coding exons of LRP10 in 1,072 Chinese PD patients (age at onset 64.9 ± 10.4 years, 
88 with onset below 50 years; age at sample collection 69.0 ± 9.6 years; 611 males; 101 (9.4%) familial PD and 971 
(90.6%) sporadic PD) and 1,337 healthy Chinese controls (57.3 ± 9.5 years; 688 males) from Singapore. 
Results: We did not find any of the nine reported variants in the 2,409 samples we sequenced, including the splice 
variant c.1424+5delG that was reported in Chinese families from Taiwan. The lack of observation of the reported 
LRP10 variants was not due to insufficient coverage in our samples, as all the nine variant positions had high mean 
coverage of 40x (range 2x-138x) in all our samples. In particular, the c.1424+5delG position had a mean coverage of 
22x, with 93.9% of 2,409 samples covered by 10 or more good quality reads (base quality ≥ 10, mapping quality ≥ 
20). 
Conclusions: We conclude that the c.1424+5delG is a very uncommon cause of PD in the Chinese population. 
Confirmation in additional families segregating this variant will be helpful, although this may be challenging given 
the variable penetrance and age of onset of PD in these carriers. Moreover, additional clinical data on carriers of 
c.1424+5delG and other mutations in LRP10 is needed to lend more weight to the pathogenicity of this variant. 
References: Quadri M, Mandemakers W, Grochowska MM, et al. LRP10 genetic variants in familial Parkinson's 
disease and dementia with Lewy bodies: a genome-wide linkage and sequencing study. The Lancet Neurology 2018; 
17(7): 597-608. 

434 
Assessment of RADIAL, a tool for the diagnostic of autosomal recessive cerebellar ataxia: a prospective study 
O. Gebus, M. Renaud, M. Koenig, J. Chelly, C. Tranchant, M. Anheim (Strasbourg, France) 
Objective: Our objective was to validate “RADIAL” ( Recessive Ataxias ranking differential DIagnosis Algorithm) 
for the diagnosis of Autosomal Recessive Cerebellar Ataxia (ARCA). 
Background: ARCA is a complex and heterogenic group of rare disorders (1). The next generation sequencing 
(NGS) open new diagnostic perspectives but we lack tools to help their interpretation. RADIAL has been produced 
based on literature of 67 ARCAs and expert opinion. 124 clinical and paraclinical features were described for each 
of these entities. The relationship between each feature and entity was defined by frequency and specificity. The 
phenotype of a patient suspected with ARCA is automatically compared to the phenotype of all 67 entities, leading 
to a score for each entity according to the match between the phenotype and each entity. The higher the score, the 
more probable the entity. RADIAL was initially evaluated on a retrospective cohort of 864 patients where the top 3 
highest-scores had an average sensitivity and specificity of 92.2% and 95.4%, respectively (2). 
Methods: We propose a prospective validation of RADIAL in a cohort of consecutive patients with ARCA referred 
to our center. For each patient, the top 3 highest-scoring diagnoses proposed by RADIAL were compared to the 
results of NGS (Friedreich ataxia diagnosis and panel of 312 genes responsible for cerebellar ataxia and/or 
movement disorders). 
Results: Thirteen patients with ARCA have been at this stage included. Genetic studies found 3 ataxia with 
oculomotor Apraxia type 2, 2 ataxia with vitamin E deficiency, 1 SPG7, 3 Friedreich ataxia, 1 cerebrotendinous 
xanthomatosis, 1 Niemann Pick type C and 1 ARCA type 3. RADIAL provided the correct diagnosis with the 
highest score of probability for 10/13 cases, for 2 of the 3 others, the correct diagnosis was proposed in the top 3. 
Conclusions: These preliminary results confirm that RADIAL is an efficient algorithm, easy and quick to use in 
clinical practice. The aim of this tool is to improve the diagnosis approach in front of ARCA and to help the 
clinicians to interpret the mass of data allowed by the NGS. 
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References: 1. Anheim M, Tranchant C, Koenig M. The autosomal recessive cerebellar ataxias. N Engl J Med 2012. 
2. Renaud. M, Tranchant C, Martin JVT et al, A recessive ataxia diagnosis algorithm for the next generation 
sequencing era. Ann Neurol. Epub 2017 Nov 21 

435 
BeaT-PD, An Industry-Academic Collaboration to Understand PD Progression in Ashkenazi Jews 
N. Giladi, A. Orr-Urtreger, M. Gana-Weisz, A. Thaler, O. Goldstein, M. Lalioti, K. Evans, M. Hutchison, O. 
Mabrouk, A. Dowling, T. Fox, M. Yang, K. Parekh, E. Even Sapir, D. Ben Baast, M. Artzi, H. Lerman, L. 
Yachimovich, B. Cohen, S. John, A. Mirelman, J. Cederbaum (Tel Aviv, Israel) 
Objective: Establish an Industry-Academic collaboration to identify factors contributing to disease progression in 
PD. 
Background: Ashkenazi Jews (AJ) are an excellent ethnic group in which to study prodromal Parkinson's disease 
(PD), due to the high frequency of the LRRK2-G2019S mutation (14% of AJ PD patients) and 7 GBA mutations 
(19% of AJ PD patients). Biogen and the Tel-Aviv Medical Center (TASMC) have established a collaborative effort 
to better characterize clinical and biological attributes underlying disease progression in AJ PD patients, including 
LRRK2 and GBA mutation carriers. 
Methods: BeaT-PD began in December 2016, aiming to recruit 800 subjects: 400 PD patients with less than 7 years 
of motor symptoms, (150 PD LRRK2-G2019S carriers, 150 PD GBA mutation carriers and 100 PD patients with no 
known mutations) and 400 undiagnosed healthy subjects over the age 40 (150 relatives of AJ PD- LRRK2-G2019S 
carriers, 150 relatives of AJ PD-GBA carriers, and 100 healthy controls with no family history of PD). Subjects are 
genotyped, blood and urine are collected and DNA, RNA and epigenetic analysis, and a comprehensive clinical 
assessment, including in-clinic and at-home wearable biosensors is conducted. All aspects of study planning and 
analysis have been a joint effort of TASMC and Biogen. 665 subjects are seen once (cross-sectional cohort). A 
subgroup of 135 subjects is assessed longitudinally every year for 3 years; 45 patients with PD, 60 at-risk relatives 
and 30 healthy controls. This group will undergo additional assessments including structural and functional brain 
MRI, DaT, and lumbar puncture for cerebrospinal fluid (CSF). 
Results: As of February, 2019, 571 subjects have been recruited: 217 with PD (43 PD-LRRK2-G2019S, 66 PD-
GBA, 108 iPD (mean age: 62.3±10.0, 65%Males, disease duration: 2.9±2.3, Hoehn and Yahr:1.7±0.6); 304 patient 
relatives (mean age: 53.2±10.4, 52% Males) and 50 healthy controls (mean age: 54.6±12.7, 36%Males). 123 
subjects completed the first longitudinal assessment; 45 with PD (mean age: 59.1±12.0, 60% Males, disease 
duration: 2.2±1.9, Hoehn and Yahr: 1.3±0.2), 56 healthy mutation carriers (mean age: 53.1±7.9, 50%Males) and 22 
healthy controls (mean age: 55.4±6.3, 50% Males). 
Conclusions: This study demonstrates the potential of collaboration between industry and academic medical centers 
with the hope of advancing a cure for PD. 

436 
GBA p.Glu326Lys substitution increases the risk to develop Parkinson's disease; is it enough to affect disease 
phenotype? 
O. Goldstein, M. Gana- Weisz, D. Cohen-Avinoam, A. Bar-Shira, A. Thaler, T. Shiner, A. Mirelman, N. Giladi, A. 
Orr-Urtreger (Tel Aviv, Israel) 
Objective: To evaluate the frequency of GBA p.Glu326Lys (E326K) carriers in a large cohort of Parkinson's 
disease patients of Ashkenazi Jewish origin (AJPD) and to estimate its risk for disease development and effect on 
severity. 
Background: GBA is a major gene involved in PD. Carriers of different variants have a higher risk to develop PD. 
These variants include severe and mild alleles defined according to their effect on disease phenotype, all studied in 
association with PD, however E326K homozygotes do not have Gaucher disease. 
Methods: The GBA  E326K variation was genotyped in 1200 AJPD that were also genotyped for other Ashkenazi 
founder GBA mutations (N370S, R496H, L444P, 84GG, IVS2+1G->A, V394L),  the LRRK2 G2019S mutation, 
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and the SMPD1 L302P mutation, and in 600 AJ controls. A specific TaqMan assay was designed to avoid artifact 
results due to the GBA pseudogene. Carriers' status was confirmed by Sanger sequencing. 
Results: 27 AJPD carried E326K (2.25%) compared to 4 among the 600 controls (0.6%, p-value for association 
0.0126, Fisher's exact test, OR=3.43, 95% CI 1.19-9.85, p=0.022). Since E326K frequency among the 600 controls 
was not statistically different from the frequency reported in gnomAD AJ non-neuro controls (Genome Aggregation 
Database, Lek et al., Nature 2016), we combined the two control groups and reevaluate the risk, comparing patients 
to 3829 controls (43 carriers). The OR for heterozygosity was 2.03 (95% CI: 1.25-3.29, p=0.0044). Of the 27 
carriers 37% carried another known mutation (3 were compound heterozygotes, 5 carried the LRRK2 G2019S 
mutation, 1 was compound heterozygote and G2019S carrier, and 1 carried SMPD1 p.L302P mutation). AAO 
analysis demonstrated no difference between PD patients carrying only the E326K and non-carrier PD patients (17 
and 784 patients, 61.0±8.96 and 61.6±11.05 years, respectively, p=0.82, t-test). 
Conclusions: The GBA E326K variant doubles the risk to develop PD. However, many of the carriers also carry 
another known mutation in GBA, LRRK2 or SMPD1. When analyzing carriers of E326K only, there is no effect on 
the AAO compare to other non-carriers PD, therefore, the risk of E326K-only carriers should be reevaluated in 
comparison to a large cohort of AJ controls with a full mutation’s data. 

437 
A novel intronic variant in MAPT causes FTLD-parkinsonism: Implications for regulatory mechanism of 
MAPT pre-mRNA splicing 
P. Gonzalez-Latapi, B. Bustos, D. Larson, L. Kinsley, N. Siddique, T. Siddique, T. Simuni, E. Bigio, S. Lubbe, R. de 
Silva, D. Krainc, N. Mencacci (Chicago, IL, USA) 
Objective: To report the identification of a novel intronic variant in MAPT in a patient with familial parkinsonism-
frontotemporal lobar degeneration (FTLD). 
Background: MAPT mutations are a common cause of familial FTLD. Alternative splicing of exon 10 leads to 
isoforms containing either three or four (4R) microtubule binding repeats. 4R tau aggregates more readily and is 
found in greater ratio in FTD, CBD and PSP. Reported intronic mutations that favor retention of exon 10 are 
associated with increased levels of 4R tau and cause autosomal dominant FTLD with parkinsonism. 
Methods: Brain pathology analysis with immunostains for tau, p62, beta amyloid, alpha synuclein and 
phosphorylated TDP-43; whole-exome sequencing (WES) and tau protein studies from frontal cortex protein lysates 
were performed to study this case. 
Results: A 45-year-old female presented with 15 months of progressive cognitive changes, gait slowing, trismus, 
dysphagia and dysarthria. Exam displayed frontal release signs, diffuse muscle atrophy, parkinsonism and upper 
motor neuron findings. Family pedigree was significant for two deceased siblings diagnosed with early-onset 
dementia. DaTScan showed decreased bilateral uptake. MRI Brain showed non-specific volume loss. Symptoms did 
not respond to baclofen, levodopa, amantadine or botox. Patient eventually transitioned to palliative care and passed 
away three years after disease onset. Primary brain pathology was consistent with an unclassifiable tauopathy with 
co-localization of tufted astrocytes and astrocytic plaques in the striatum, temporal, parietal, and motor cortices. 
WES showed a variant in MAPT in intron 9 +13 A > C, which was confirmed by Sanger sequencing. The variant is 
absent in gnomAD. Western blot with lysate and sarkosyl-insoluble fractions from frontal cortex showed that 
insoluble pathological tau was exclusively 4R-tau and soluble tau had an excess of 4R-tau. 
Conclusions: We present a patient with FTLD with parkinsonism carrying a novel intronic variant in MAPT. This 
variant causes increased production of 4R-tau, leading to insoluble inclusions, composed exclusively of 4R-tau, 
indicating an increased inclusion of exon 10. Our findings broaden the genetic spectrum of MAPT intronic variants 
associated with 4R-tau overproduction, suggesting that critical regulatory elements controlling exon 10 splicing are 
also located in the 5’ region of intron 9. 
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438 
Is the gene expression of TAF1 modified by the X-linked dystonia-parkinsonism-associated hexanucleotide 
repeat? 
K. Grütz, S. Schaake, B. Laabs, C.J. Reyes, U. Walter, D. Dressler, R.D. Jamora, R.L. Rosales, N. Brüggemann, K. 
Lohmann, I.R. König, C. Klein, A. Westenberger (Lübeck, Germany) 
Objective: To investigate the impact of the hexanucleotide repeat within the X-linked dystonia-parkinsonism-
associated haplotype on endogenous TAF1expression. 
Background: X-linked dystonia-parkinsonism (XDP) is a severe neurodegenerative movement disorder presenting 
with adult-onset dystonia and/or parkinsonism.[1] One of the changes within the XDP-associated haplotype, a 
SINE-VNTR-Alu (SVA) retrotransposon insertion in intron 32 of TAF1, has been shown to functionally affect the 
expression of this gene.[2],[3] Namely, TAF1 transcripts are consistently downregulated in samples from XDP 
patients in comparison to healthy controls in gene-level and high-throughput experiments[4], and TAF1 mRNA 
reduction is a tractable molecular phenotype of XDP that can be rescued by excision of the SVA insertion[2],[3]. 
Recently, a (CCCTCT)n repeat within the SVA insertion has been reported as an age-at-onset (AAO) modifier in 
XDP.[5] However, it has not been shown whether the length of the repeat correlates with the expression of TAF1. 
Methods: Blood-derived RNAs of 31 XDP patients were transcribed into cDNAs. Expression of TAF1 was 
investigated via real-time quantitative PCR (qPCR) in triplicates and normalized to the expression of GAPDH 
and YWHAZ. The effect of the repeat number (RN) on TAF1 expression was analyzed by linear regression models. 
Results: The expression of TAF1 normalized to GAPDH, YWHAZ, or both reference genes correlated negatively 
with increasing RN (R2: 0.3255, 0.2386, and 0.3279, respectively; all p<0.005). 
Conclusions: Endogenous levels of TAF1 mRNA in the blood of XDP patients are reduced in an RN-dependent 
fashion. Thus, it seems likely, that the hexanucleotide repeat within the SVA is causing the decreased expression 
of TAF1 observed in XDP. The exact mechanism by which the hexameric repeat modifies TAF1 expression 
warrants further investigation. 
References: [1] Lee L V., Rivera C, Teleg RA, et al. The unique phenomenology of sex-linked dystonia 
parkinsonism (XDP, DYT3, “Lubag”). International Journal of Neuroscience. 2011. 
doi:10.3109/00207454.2010.526728. [2] Aneichyk T, Hendriks WT, Yadav R, et al. Dissecting the Causal 
Mechanism of X-Linked Dystonia-Parkinsonism by Integrating Genome and Transcriptome Assembly. Cell. 2018. 
doi:10.1016/j.cell.2018.02.011. [3] Rakovic A, Domingo A, Grütz K, et al. Genome editing in induced pluripotent 
stem cells rescues TAF1 levels in X-linked dystonia-parkinsonism. Movement disorders : official journal of the 
Movement Disorder Society. 2018;33(7):1108-1118. doi:10.1002/mds.27441. [4] Domingo A, Amar D, Grütz K, et 
al. Evidence of TAF1 dysfunction in peripheral models of X-linked dystonia-parkinsonism. Cellular and molecular 
life sciences : CMLS. 2016;73(16):3205-3215. doi:10.1007/s00018-016-2159-4. [5] Bragg DC, Mangkalaphiban K, 
Vaine CA, et al. Disease onset in X-linked dystonia-parkinsonism correlates with expansion of a hexameric repeat 
within an SVA retrotransposon in TAF1. Proceedings of the National Academy of Sciences. 2017. 
doi:10.1073/pnas.1712526114. 

439 
Association analysis between SCNN1A rs10849446, SPTLC3 rs6041636 and rs627354 and Parkinson’s disease 
and multiple system atrophy in a large Chinese population 
X.J. Gu, Y.P. Chen, R.W. Ou, B. Cao, H.F. Shang (Chengdu, China) 
Objective: Considering the overlap in clinical manifestations, genetic findings and pathological hallmark between 
PD and MSA, we aimed to study the association between these 3 LncRNA-associated single nucleotide 
polymorphisms (SNP) and PD and MSA in a large Chinese population. 
Background: Parkinson’s disease (PD) and multiple system atrophy (MSA) belong to the α- sycleinopathy family, 
which have some clinical manifestations, pathological findings and genetic background in common. The exact 
pathogenesis of neurodegenerative diseases such as PD and MSA remains unclear yet. Recent Genome Wide 
Association Study (GWAS) found 3 LncRNA-associated Single Nucleotide Polymorphisms (SNPs） associated 

This article is protected by copyright. All rights reserved.



with PD in German and US population, including SCNN1A rs10849446, SPTLC3 rs6041636, and rs627354. 
However, no following study in the Chinese population has been conducted yet. 
Methods: A total of 470 MSA patients and 1500 PD patients admitted to Department of Neurology, West China 
Hospital from June 2009 to June 2016 were recruited in the current study. Genomic DNA was collected from 
peripheral blood leukocytes via standard phenol-chloroform procedures. The PCR products of all the three SNPs 
were directly genotyped using a Sequenom iPLEX Assay (Sequenom iPLEX Assay, San Diego). 
Results: There were no significant differences in the genotype distributions, minor allele frequency (MAF) and 
different genetic models of rs1084944，rs6041636 and rs627354 between PD and HC, as well as between MSA and 
HCs after age and sex adjustment. In addition, no significant differences in the genotype distributions, MAF and 
different genetic models of the 3 SNPs were observed between subgroups regarding PD and MSA subtypes. 
Conclusions: In conclusion, we did not replicate the genetic association between 3 Caucasian GWAS-linked 
variants: SCNN1A rs10849446, SPTLC3 rs6041636 and rs627354 and 2 α-synucleinopathies: PD and MSA. This 
discrepancy can be partly explained by genetic heterogeneity between different ethnic background. 

440 
Dissecting the genetic complexity of Parkinson’s disease: a Parkin-GBA study 
Z. Hanss, I. Boussaad, F. Massart, J. Jarazo, R. Krüger (Belvaux, Luxembourg) 
Objective: In this study, we investigate how the PD risk factor GBA would affect the cellular phenotypes associated 
with homozygous mutations in Parkin, causing an early onset form of PD. We aim to understand the synergistic or 
reductive effects of the combination of these two PD-associated genes and their respective contributions to the 
phenotypic alterations. 
Background: It is increasingly recognized that the classical one-gene one-trait model may not catch the full picture 
of genetic contribution to PD pathophysiology. Therefore, a polygenic model where multiple genes would influence 
the disease risk and the phenotypic traits in PD should be investigated. Mutations in GBA are the most common 
genetic risk factor for PD. Patients carrying GBA mutations present an earlier age of onset, a more rapid disease 
progression and are at greater risk to develop cognitive impairment. The mutated GBA enzyme, glucocerebrosidase 
(GCase), has been shown to be implicated in PD-linked cellular phenotypes as α-synuclein accumulation. 
Methods: Fibroblasts derived from two PD patients carrying either both a deletion in Parkin and a point mutation in 
GBA or only a deletion in Parkin were reprogrammed into induced pluripotent stem cells (iPSC). At iPSC stage, the 
cells were genetically edited by CRISPR Cas9, to correct or insert the GBA mutation, respectively. iPSCs were then 
differentiated to obtain midbrain dopaminergic neurons subjected to cellular phenotyping. To untangle the 
contribution of Parkin to cellular phenotypes, lentiviral-mediated overexpression of Parkin was performed. 
Results: In contrast with the expected phenotype in GBA mutant lines, the iPSC-derived neurons harbouring both 
Parkin and GBA mutations present decreased levels of intracellular α-synuclein. Nevertheless, an increase of α-
synuclein release was observed. Isogenic correction of the GBA mutation led to a reversal of this α-synuclein 
phenotype. Interestingly, normalizing Parkin status was also affecting α-synuclein levels. 
Conclusions: We show here that the observed neuronal phenotypes in Parkin-GBA-double-mutant cells do not 
correspond to a simple additive effect of both mutations. The outcome of the rescue of both GCase and Parkin 
protein levels on the α-synuclein phenotype points to a more complex underlying mechanism. This study shows how 
precision medicine approaches for PD should be developed to take into account specificities in terms of cellular 
phenotypes of each patient. 

441 
Longitudinal DNA methylation changes, in blood, associated with Parkinson’s disease progression 
A. Henderson, K. Fisch, J. Hua, E. Driver-Dunckley, C. Sherzer, P. Desplats, T. Dunckley (Tempe, AZ, USA) 
Objective: To determine if whole blood DNA methylation profiles could distinguish Parkinson's disease from 
controls and whether any changes correlate with disease progression. 

This article is protected by copyright. All rights reserved.



Background: Parkinson’s Disease (PD) is currently diagnosed through presentation of characteristic movement 
symptoms. Patients presenting with these symptoms have already undergone significant dopaminergic neuron cell 
loss. Earlier diagnosis, aided by molecular biomarkers specific to PD, would improve overall patient care. 
Epigenetics, which is modified by both environmental cues and disease pathophysiology, is emerging as an 
important component of neurodegenerative diseases, including PD. Alterations to the PD methylome have been 
reported in epigenome-wide association studies. However, no studies have thus reported either the extent to which 
methylation changes correlate with disease progression or the degree to which they are modified by PD medications. 
Methods: Whole blood was collected from PD (n = 197) and healthy age/sex matched controls (n = 199) as an 
ongoing effort of the Harvard Biomarkers Study. Samples included longitudinal — 2 collection times:  baseline & 2 
years post (follow-up). Illumina Infinium Methylation EPIC BeadChips were used to profile the methylome. 
Results: In case versus control comparisons, we identified significant differentially methylated probes (DMPs) 
associated with PD. Among these, CYP2E1 has been previously reported as differentially methylated in PD brain 
tissue, suggesting that some CNS associated findings can also be identified peripherally in blood. In addition, in 
longitudinal analyses, many DMPs tagged genes involved in neuronal functions and immunity. Lastly, PD 
medications that impact dopamine metabolism and the one carbon metabolic pathway significantly altered the 
methylome, which was observed as a signifiicant dampening of the differential methylation profiles of PD patients 
taking these medications. These results will require replication in secondary cohorts identify those methylation 
changes that are reproducibly associated with PD. 
Conclusions: Distinct methylation patterns in PD vs. controls were identified at each time-point. Certain 
methylation sites showed consistent changes regardless of sampling time; others only changed at either baseline or 
follow-up. Levodopa and COMT-inhibitors impact DNA methylation, as drug-naïve patients showed greater site 
specific methylation changes 

442 
Methylation status of SNCA gene in patients with Parkinson disease in Russian population 
E. Iakovenko, N. Abramycheva, S. Illarioshkin, E. Fedotova (Moscow, Russian Federation) 
Objective: To study methylation status of SNCA gene in patients with Parkinson disease in Russian population 
Background: The genetic background of Parkinson disease (PD) has not yet been fully understood. Genetic causes 
of monogenic forms can explain about 10-15% of all PD cases. For the rest the genetic causes are not identified, and 
this is a problem called "missing hereditability". Epigenetic mechanisms, in particular, DNA methylation may help 
to explain this “missing hereditability”. We have chosen SNCA gene to study DNA methylation in Parkinson 
disease because this gene plays the main role in the pathogenesis of this disease. 
Methods: We studied 20 patients with PD (mean age 54.1±10.4 years, 7 males, 13 females). We analyzed DNA 
methylation level by performing bisulfate sequence analysis of intron 1 region of SNCA gene. This chosen region 
contained 16 CpG sites near exon 2. In each sample and in each CpG site we calculated a percent of methylation - 
(C/C+T)*100. The analysis of SNCA methylation was also performed in healthy age- and sex-matched control 
samples (n=20). 
Results: At 5’-end of the analyzed region CpG sites were almost non-methylated and at 3’-end of the region most 
CpG sites were with a high methylation level in both PD and control groups. Among all sites only one CpG at the 
3’-end showed hypomethylation in PD cases (37.5%) in comparison with the control group (42.2%; p(U)=0.034). 
The methylation level did not depend on age or gender. In PD group we observed the lowest levels of methylation in 
a case with SNCA duplication and in a heterozygous carrier of a “long” SNCA-Rep1-265 allele, whereas the highest 
levels of methylation was observed in 2 homozygous cases with “short” SNCA-Rep1-259 allele. 
Conclusions: This is the first data on the analysis of methylation of SNCA in Parkinson disease in Russian 
population. We suggest that SNCA hypomethylation could play a role in the PD pathogenesis, and the level of 
methylation could be associated with genetic variants and PD mutations. Although further studies are necessary to 
confirm these preliminary results. 
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443 
Genetic panel testing in Parkinson's disease 
K. Joost, T. Toomsoo, I. Rubanovich, I. Kalju, S. Ott, A. Lindmäe, M. Mällo, K. Jaakson, K. Vender (Tallinn, 
Estonia) 
Objective: To evaluate effectiveness of panel testing of known Parkinson's disease (PD) related genes in clinical 
practice. 
Background: It is widely recognised that monogenic forms of PD are responsible for development of clinical 
symptoms in 5-10% of patients, but due to the polygenic associations establishing the genetic cause in hereditary 
parkinsonism have not been widely available in clinical practice. Recent advantages in molecular genetics – 
emerging of massive parallel sequencing techniques- allow simultaneous analysis of several genes and therefore 
allow specification of genetic cause, mode of inheritance and familial recurrence risks in polygenic disorders 
(including PD) cost-effectively in clinical practice. Currently over 40 genes have a major causative role in 
development of PD and establishing the genetic background is helpful in patient’s management in terms of 
prognosis and genetic consultation. 
Methods: 22 subsequent patients with clinically suspected monogenic parkinsonism were tested for changes in 32 
genes associated with hereditary PD. Genes were selected according to strong associations described in the literature 
and gene panel was regularly updated as new associations emerged. DNA was extracted from blood and sequenced 
by next-generation sequencing (NGS) and likely pathogenic variants were confirmed by Sanger sequencing. All 
patients with likely pathogenic variants were referred to genetic consultation. 
Results: Genetic cause of PD was established in 4 patients (18%) - mutation in LRRK2 was present in all of them. 
Additionally previously undescribed variants in disease associated genes were detected in 2 patients- 1 patient with 
probable Perry syndrome had intronic variant in DCTN1 gene and the other patient had heterozygous variant in 
DNAJC6 gene. Complex genotypes with rare variants present in 2 different genes were detected in 3 patients and 
known risk factor – a heterozygous mutation in GBA gene was detected in 1 patient. 
Conclusions: The panel testing of genes related to the monogenic PD is highly informative and cost-effective in 
diagnosing hereditary forms of disease in clinical setting. Panel testing using NGS analysis is flexible approach for 
genetic risk estimation with the potential of giving new insights to the genetic background of PD. 

444 
A case report of Wilson Disease in a Kyrgyz teenager 
A. Jusupova (Bishkek, Kyrgyzstan) 
Objective: Information on the occurrence of WD in the Kyrgyz Republic is currently missing. However, based on 
previously received epidemiological data to the territories of the USSR; its minimum score can range from 0.29 to 
2.6 per 100,000 population. 
Background: Wilson disease (WD) results from a defect in hepatocellular copper transport, leading to the 
accumulation of copper in the liver and other tissues, including the brain. Over time, the damage from the 
accumulation of copper results in the hepatic, neurologic, and psychiatric manifestations of WD. It is found 
worldwide, with an estimated prevalence of 1 case per 30,000 live births in most populations. 
Methods: A 15-year-old boy presented with prominent extrapyramidal features consisting of rigidity, tremors of 
right hand at rest and in action, shuffling gait, slurred speech and emotional lability last 1 year. At the age of 10-year 
old he had conjugated hyperbilirubinaemia and ascites and false negative results of viral hepatitis. 
Results: Genealogical analysis has revealed that grandparents had marriage of close relatives.   
His serum ceruloplasmin level as well as urine copper level were elevated.   
Ophthalmologist: Kayser-Fleischer rings in both eyes 
Magnetic resonance (MR) imaging showed only subtle hyperintense signal on T2/FLAIR images was seen in the 
lentiform nuclei, bilateral thalami and putamen. 
Conclusions: Wilson disease does occur in Kyrgyz children, although the diagnosis is rarely made.We would like to 
draw attention  that in developing countries where DNA analysis is not available yet, diagnosis can be based only 
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on  neurological examination, careful anamnesis and genealogical analysis.  A diagnosis of Wilson disease should 
be entertained in the evaluation of children presenting with liver dysfunction and/or extrapyramidal neurological 
features. 

445 
A novel p.Trp42Arg REEP1 mutation associated with autosomal recessive Distal spinal muscular atrophy 
with vocal cord and diaphragmatic paralysis 
R. Kaiyrzhanov, R. Maroofian, M. Behnam, M. Salehi, V. Salpietro, H. Houlden (London, United Kingdom) 
Objective: To present a patient with homozygous mutation in Receptor Expression-Enhancing Protein 1 (REEP1) 
gene manifesting a severe congenital Distal spinal muscular atrophy (SMA) with vocal cord and diaphragmatic 
paralysis. 
Background: Heterozygous mutations in REEP1 frequently cause autosomal dominant hereditary spastic 
paraplegia1 (HSP) and in two families have been associated with autosomal dominant spinal type of Charcot‐Marie‐
Tooth disease2,3. More recently, a patient with homozygous REEP1 mutation with a much more severe phenotype 
akin to spinal muscular atrophy with respiratory distress type 1 (SMARD1) was reported4. 
Methods: A 9-year-old girl who was born to healthy consanguineous Iranian parents presented with congenital 
proximal and distal muscle weakness in all the limbs, proximal and distal arthrogryposis, permanent inability to 
stand up and/or walk, progressive muscular atrophy starting from the lower limbs and progressing to the upper 
limbs, diaphragmatic palsy which resulted in fever associated breathing difficulties, weak voice, and preserved 
cognition. 
She is currently bed-ridden and non-ambulatory. On neurological examination she had marked plantar flexion 
contractures in the ankles and flexion contractions in the wrists, brisk deep tendon reflexes in the knees, absent 
Achilles reflex, no Babinski sign and normal reflexes in the upper limbs. There was low muscle tone and wasting in 
the limbs. 
Neurophysiology showed distal axonal degeneration, fibrillations and marked changes in motor unit action 
potentials in the right and left tibialis anterior muscles on. Sural nerve biopsy showed chronic demyelinating 
neuropathy with secondary focal axonal and nerve fibers loss. SMN1genes testing was normal. The clinical 
diagnosis of Distal SMA with vocal and diaphragmatic paralysis was made. Single nucleotide polymorphism Array 
genotyping in combination with Exome sequencing was performed on the DNA extracted from proband’s peripheral 
blood. 
Results: We revealed a homozygous missense pathogenic variant (c.124T>C) (p.Trp42Arg) in REEP1 
(nomenclature refers to NM_022912) encompassing by 59 Mb region of homozygosity. 
Conclusions: Our study confirms the causality of REEP1 in Spinal Muscular Atrophy with Respiratory Distress and 
demonstrates that the same allele in one gene can lead to two different phenotypes. 
References: 1. Züchner S, Wang G, Tran-Viet KN, et al. Mutations in the novel mitochondrial protein REEP1 cause 
hereditary spastic paraplegia type 31. Am. J. Hum. Genet. 2006;79:365–369 2. Beetz C, Pieber TR, Hertel N, et al. 
Exome sequencing identifies a REEP1 mutation involved in distal hereditary motor neuropathy type V. Am J Hum 
Genet 2012;91: 139–145. 3. Bock A, Günther S, Mohr J et al. A nonstop variant in REEP1 causes peripheral 
neuropathy by unmasking a 3′UTR-encoded, aggregation-inducing motif. HumanMutation. 2018;39:193–196. 4. 
Schottmann G, Seelow D, Seifert F et al. Recessive REEP1 mutation is associated with congenital axonal 
neuropathy and diaphragmatic palsy Neurol. Genet. 2005,1, e32. 

446 
Reverse phenotyping of a 3.3Mb loss of 8p11.21p11.1, including SLC20A2, lead to a diagnosis of primary 
familial brain calcification 
A. Kievit, L. Zutven, A. Boon (Rotterdam, Netherlands) 

This article is protected by copyright. All rights reserved.



Objective: To describe the clinical picture of a patient with a large deletion in band 8p11.21p11.1 
including SLC20A2 and present a review of patients with a SLC20A2 copy number variation (CNV), who show 
primary familial brain calcification. 
Background: Primary familial brain calcification (PFBC; Fahr disease) is a rare progressive cerebral disorder with 
both movement disorders (parkinsonism, dystonia, ataxia, chorea) and neuropsychiatric disturbances (psychosis, 
dementia and frontal or subcortical cognitive dysfunction), often inherited as a dominant trait. Mutations in 
SLC20A2, PDGFB, PDGFRB, and XPR1 have been reported. Loss of function of either SLC20A2 or the 
PDGFB/PDGFRB pathway is the mechanism underlying calcification in patients with a mutation. 
Methods: A 28 year old male patient was referred for genetic counseling because of neurodegeneration with brain 
iron accumulation. He was known with a mild motor and intellectual disability and showed progressive deterioration 
of his cognitive function, a movement disorder with dystonia, tremor and sensory ataxia. 
Results: A mutation in the NBIA genes was not detected by next generation sequencing. A SNP array showed a 
3.3Mb loss of 8p11.21p11.1, including SLC20A2 (among others: Table 1) and this loss showed to be de novo. A 
CT-scan of the brain showed severe symmetric calcifications in the globus pallidus and thalamus, compatible with 
Fahr disease (Fig. 1). As loss of function of either SLC20A2 or the PDGFB/PDGFRB pathway is the mechanism 
underlying calcification in patients with a mutation, a deletion involving SLC20A2 can explain his clinical picture. 
The effect of the other genes in the deletion like THAP1, KAT6A and RNG170 could also contribute to the clinical 
picture, like dystonia, intellectual disability and sensory ataxia. 
Conclusions: Reverse phenotyping by CNV analysis followed by further clinical workup lead to the diagnosis 
PFBC in this patient. CNVs should be investigated in PFBC patients with no point mutation in associated genes, 
because a rather high frequency (16.7%) of SLC20A2 deletions has been described (David et al, 2014). The 7 index 
patients with a CNV in SLC20A2 described before show PFBC, but other genes of the CNV can modify the clinical 
picture (Table 2). 
References: Matt Baker & Audrey J. Strongosky & Monica Y. Sanchez-Contreras & Shan Yang &Will Ferguson & 
Donald B. Calne & Susan Calne & A. Jon Stoessl & Judith E. Allanson & Daniel F. Broderick & Michael L. Hutton 
& Dennis W. Dickson & Owen A. Ross &Zbigniew K. Wszolek & Rosa Rademakers. SLC20A2 and THAP1 
deletion in familial basal ganglia calcification with dystonia. Neurogenetics (2014) 15:23–30 Stéphanie David, 
Joana Ferreira, Olivier Quenez, Anne Rovelet-Lecrux, Anne-Claire Richard,Marc Vérin, Snejana Jurici, Isabelle Le 
Ber, Anne Boland, Jean- François Deleuze, Thierry Frebourg,João Ricardo Mendes de Oliveira, Didier Hannequin, 
Dominique Campion and Gaël Nicolas. Identification of partial SLC20A2 deletions in primary brain calcification 
using whole-exome sequencing.European Journal of Human Genetics (2016) 24, 1630–1634 Shinsuke 
Fujioka,Audrey J. Strongosky,Anhar Hassan, Rosa Rademakers,Dennis W. Dickson, Zbigniew K. Wszolek. Clinical 
presentation of a patient with SLC20A2 and THAP1 deletions:Differential diagnosis of oromandibular 
dystonia.Parkinsonism and Related Disorders 21 (2015) 329-331 P. Pasanen, J. Mäkinen, L. Myllykangas, R. 
Guerreiro, J. Bras, M. Valori, M. Viitanen, M. Baumann, P. J. Tienari, M. Pöyhönen,P. Baumann. Primary familial 
brain calcification linked to deletion of 5’noncoding region of SLC20A2.Acta Neurol Scand. 2017;136:59–63. 
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447 
The PLA2G6 Gene Mutation Causes Parkinson's Disease: A Case Report 
L. Kou, T. Wang, L. Liu, G.X. Zhang (Wuhan, China) 
Objective: To investigate the clinical features of Parkinson's disease caused by PLA2G6 gene mutation． 
Background: Early-onset Parkinsonism is a group of syndromes characterized by Parkinson's disease with an early 
onset age, usually less than 50 years old. Most early-onset parkinsonism are sporadic and only a few are recessive, 
while the parkinsonism caused by mutation of PLA2G6 gene is more rare and has high genetic and clinical 
heterogeneity with different mutation sites and types. 
Methods: Clinical data of 1 patient with PLA2G6-related parkinsonism were retrospectively analyzed． 
Results: The patient was male, with the onset age of 37 years old. The main clinical manifestations were difficulty 
in walking in the right lower limb, spasmic gait accompanied by bradykinesia, mild dysarthria, and mild 
exophthalmos. Physical examination showed strong positive bilateral knee reflex and positive bilateral babinski 
sign. Magnetic resonance imaging of the brain indicates cerebellar atrophy (Figure 1 and Figure 2). Targeted capture 
- high throughput sequencing revealed two heterozygous mutations in the exon region of PLA2G6 gene: c.991G > 
T(p.apsp331tyr), c.498dup (p.I1e167fs). The results of Sanger sequencing showed that the two mutations were 
derived from the mother and the father, and they were all complex heterozygous mutations (Figure 3 and Figure 4). 
c.991G > T site has been reported as a pathogenic mutation, while c.498dup (p.I1e167fs) has been reported for the 
first time and has not been detected in the normal population, which may be a new pathogenic mutation. 
Conclusions: Parkinson’s disease induced by PLA2G6 gene mutation is clinically rare, which is likely to be 
misdiagnosed as spinocerebellar ataxia. Genetic testing for differential diagnosis is the first choice． 
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448 
Fine-mapping of SNCA variants in REM sleep behavior disorder identifies distinct associations 
L. Krohn, R. Wu, J. Ruskey, S. Laurent, L. Philstrom, I. Arnulf, M. Hu, Y. Dauvilliers, B. Hogl, A. Stefani, E. 
Holzknecht, C. Monaca, A. Beatriz, G. Plazzi, E. Antelmi, L. Ferini-Strambi, A. Heidbreder, V. Cochen, B. 
Mollenhauer, K. Sonka, M. Figorilli, F. Dijkstra, M. Viaene, W. Oertel, J. Gagnon, M. Nalls, C. Blauwendraat, A. 
Singleton, A. Desautels, J. Montplaisir, O. Ross, B. Boeve, N. Dupre, E. Fon, R. Postuma, G. Rouleau, Z. Gan-Or 
Objective: a). Identify variants in the SNCA locus which affect risk for REM Sleep Behavior Disorder (RBD). b). 
Test variant effects on rate and type of conversion to Parkinson's disease (PD) and other synucleinopathies. c). 
Compare SNCA genetic risk of RBD and the conditions to which it converts. 
Background: SNCA is a shared genetic risk factor across synucleinopathies, namely PD{1} and Dementia with 
Lewy Bodies (DLB),{2} although the top risk loci vary across the conditions. RBD is a prodromal synucleinopathy, 
seeing 90% of cases convert to synucleinopathy within an average of 10-15 years.{3} RBD presents a unique 
subtype of PD, presenting more rapid progression of non-motor symptoms and increased cognitive impairment.{4} 
Methods: Full sequencing and genotyping of SNCA was performed in RBD (n=1,076), PD (n=1,013), and DLB 
patients (n=415) and controls (n=6,155). Adjusted logistic regression models and a meta-analysis were performed. 
Variant effects on conversion rate and type were analyzed in 432 RBD cases with available data using chi square 
and Kaplan-Meier survival analysis. 
Results: The top SNCA association signal for RBD lies in the upstream (5’) region at rs10005233 (OR=0.70, 
p=1.1E-08). 5’ risk variants across synucleinopathies are in linkage disequilibrium with this variant, and risk allele 
frequencies are consistently elevated in PD or DLB with RBD versus without. A second downstream (3’) RBD-
specific association was detected at rs11732740 (OR=1.32, p=4.7E-04). No variants were significantly associated 
with rate or type of conversion, however 5’ UTR variant rs2583986 showed an average conversion time of 9.4 years 
for wild type carriers, 6.2 for heterozygous, and 3.5 for homozygous (p=0.0029). 
Conclusions: Similar to DLB, upstream (5’) SNCA variants drive the highest association signal for RBD risk. Our 
findings suggest that the 5’ region of SNCA may affect cognitive components of synucleinopathy. 
References: 1. Nalls, Mike A., et al. "Large-scale meta-analysis of genome-wide association data identifies six new 
risk loci for Parkinson's disease." Nature genetics 46.9 (2014): 989. 2. Guerreiro, Rita, et al. "Investigating the 
genetic architecture of dementia with Lewy bodies: a two-stage genome-wide association study." The Lancet 
Neurology 17.1 (2018): 64-74. 3. Iranzo, Alex, Joan Santamaria, and Eduardo Tolosa. "Idiopathic rapid eye 
movement sleep behaviour disorder: diagnosis, management, and the need for neuroprotective interventions." The 
Lancet Neurology 15.4 (2016): 405-419. 4. Fereshtehnejad, Seyed-Mohammad, et al. "New clinical subtypes of 
Parkinson disease and their longitudinal progression: a prospective cohort comparison with other phenotypes." 
JAMA neurology 72.8 (2015): 863-873. 

449 
Mechanism-based classification in PD cohorts 
B. Labrador, F. Danjou, S. Bekadar, F.X. Lejeune, H. Froehlich, M. Hofmann-Apitius, J.C. Corvol (Paris, France) 
Objective: To stratify Parkinson’s disease (PD) patients based on key molecular mechanisms by using a genomic-
based approach. 
Background:  
PD is a complex neurodegenerative disease involving several mechanisms. The AETIONOMY project aims to 
validate the taxonomy of neurodegenerative diseases based on their mechanisms to identify homogeneous groups of 
PD patients characterized by a combination of candidate mechanisms provided by the consortium. 
Methods:  
Clustering analysis was conducted on two independent datasets, the DIGPD cohort (416 PD patients) for hypothesis 
generation, and the AETIONOMY cohort (350 PD patients) for replication. After genome wide genotyping and 
imputation, genetic variants were selected according to their functional impact in the brain (CADD score) from the 
genes involved in five candidate mechanisms (synuclein methylation, mitochondrial dysfunction, 
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neuroinflammation, stress-induced comorbidity, insulin pathway). As a genomic clustering model, we used a 
derived method from the non-negative matrix factorization (NMF) which is a method of factorization useful for 
dimension reduction and for clustering simultaneously group of patients and group of variants (mechanisms) in our 
study. To preserve the constitution of the mechanisms with variant members in the clustering algorithm, we added a 
prior knowledge through a penalty constraint on the variants. 
Results: Analyses were conducted on a total of 901 genetic variants. Using NMF, we determined three clusters of 
PD patients from DIGPD, which are mainly defined by stress-induced comorbidity and insulin pathway as the main 
contributors of the clustering. Statistical significant differences were found between clusters for the MDS-UPDRS 
and frontal assessment battery (FAB) scores. As a replication study using the NMF with the same variants on 
AETIONOMY, we found similar profile of clustering (3 clusters), contributors (same mechanisms), and clinical 
differences between clusters 
Conclusions: Our genomic-based mechanism-driven stratification of PD identifies 3 clusters of patients with 
different clinical profiles. The derived mechanism-based stratification is thus expected to provide a valuable 
guidance for future biological investigations towards a better understanding of the distinct forms of PD. 

450 
The potential modifier effect of C9orf72 DNA methylation in C9ORF72 carriers 
J.M. Laffita-Mesa, C. Kreidy, M. Paucar, P. Svenningsson (Stockholm, Sweden) 
Objective: To develop molecular assays for determining the influence of hypermethylation on age of onset for 
C9ORF72 carriers. 
Background: Hexanucleotide repeats of GGGGCC in C9ORF72 is the most common genetic cause for ALS, FTD 
and ALS/FTD and PD cases are also found. Currently there is not reliable biomarkers in c9ORF72 carriers and 
several groups attempted to assess whether the hypermethylation of c9orf72 can be a clinical modifier of disease, 
but very few significant correlations have been identified. 
Methods: We developed three different assays, one for screening MS-HRM and two quantitative (duplex-DDPCR) 
for c9-methylation. 
Results: Two different regions in the c9orf72 gene were examined in c9ORF72-ALS DNA and two different 
duplex-DDPCR methods were developed. Both assays targeted regions located close to the c9-mutation and were 
found to be hypermethylated (p<0.00001). C9orf72 DNA methylation in ALS carriers (hex repeat>60 units) was 
significantly (p<0.0001) higher than in Swedish Parkinson carriers of c9 hex repeat expansion >30 repeats and 
healthy controls with <30 repeats. Both method detected more patients with c9 methylation than previous methods 
used in C9ALS and FTD and the methylation was higher in patients with late ALS onset (p<0.001). The influence 
on the age at onset showed a gradual effect when DNA was very high methylated (VH.METH), High methylated 
(H.METH) and intermediate (I.METH) low (L.METH) and very low methylated (V.L.METH). Moreover, c9-DNA 
methylation correlates with gene expression at both RNA and protein levels and trimethylated lysine residues within 
histones (H3K27). 
Conclusions: In our study, we show that DNA methylation might be a clinical modifier in c9orf72 carriers. 
Confirming these exciting results in collected materials since early disease stages may provide of novel prodromal 
biomarker intrinsically related with the genetic defect c9orf72 hex repeat expansions. The methods we developed 
are promising tools for the investigating the role of epigenetic modifications as biomarker in c9orf72 carriers. 

451 
Development of a web-based tool for systematic collection of phenotypes of hereditary movement disorders 
from medical literature 
J. Lee, S. Fujioka, S. Hong, N. Kim, Y. Kim, H. Ma, Y. Tsuboi, Y. Kim (Anyang, Republic of Korea) 
Objective: To develop a web-based tool to collect phenotypes of heterditary movement disorders. 
Background: Deep phenotyping, the precise and comprehensive analysis of phenotypic abnormalities, is required 
for precision medicine. Phenotypes of hereditary movement disorders have been expanded, and overlapping of 
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phenotypes among different hereditary movement disorders is increasing. Big data of phenotypes by deep 
phenotyping is required to explore connections between phenotypes (or diseases) and genetic variations. The Human 
Phenotype Ontology (HPO) provides a standardized vocabulary of phenotypic abnormalities encountered in human 
disease. Each term in the HPO describes a phenotypic abnormality. 
Methods: To systematically collect phenotypes of hereditary movement disorders from medical literature by 
multiple users, we developed a web-based phenotyping tool. 
Results: Using manual curation, data of phenotypes from individual literatures are extracted and stored in our tool 
according to a standardized format using HPO terms. Collected data include number of cases, mode of inheritance, 
ethnicity, and clinical manifestations with frequency information. Pre-defined clinical manifestations of a given 
hereditary movement disorders which is derived from Online Mendelian Inheritance in Man (OMIM) database were 
listed up to be used as a template. Besides, users can add a new symptom in HPO term onto the database if their 
symptom is not listed in the pre-listed symptoms. 
Conclusions: By collecting phenotypes from literatures, we expect our tool to contribute to constructing phenome 
database for hereditary movement disorders. Congruency of collected phenotypes from the same literature by 
different curators will be explored. 

452 
Targeted deep sequencing of brain DNA for detection of somatic point mutations in synucleinopathies 
M. Leija-Salazar, A. Pittman, K. Mokretar, A. Schapira, C. Proukakis (London, United Kingdom) 
Objective: To detect relevant somatic "point mutations" (single nucleotide variants- SNVs) in brain-derived DNA 
in synucleinopathies. 
Background: There is increasing recognition that neurons may harbour a wide range of somatic (post-zygotic) 
mutations, with a possible role in neurodegeneration [1]. We recently reported somatic DNA copy number gains of 
alpha-synuclein (SNCA) in substantia nigra [2]. Our previous work on somatic SNVs was limited by the modest 
resolution of the method, and targeting of SNCA coding exons only [3,4]. 
Methods: We analysed DNA from up to three brain regions, including substantia nigra, from 27 Parkinson’s, 12 
control, 1 incidental lewy body and 3 multiple system atrophy cases. We captured the SNCA locus, and coding 
exons of other PD genes, APP and MAPT, using a “molecular barcoding” approach to minimise false positives, and 
sequenced these at coverage >2,000x. For validation, amplicons targeting the candidate variants were re-sequenced 
at higher coverage. For further validation, droplet digital PCR assays targeting specific mutations were designed. 
Results: We used artificial mosaics to validate the ability to detect variants at allelic fractions <0.5%. After 
excluding common SNPs, we selected twenty-three candidate variants with allele frequencies 0.33-5% for further 
study. Two coding variants were validated by amplicon sequencing. Further analysis by targeted droplet-digital PCR 
did not detect them in other regions from the same brains. Further review suggested that these were likely 
contaminants from other samples carrying them in the heterozygous state. 
Conclusions: We have not detected any evidence of low-level somatic SNVs in SNCA and other relevant genes, 
despite using an assay capable of detecting alleles at fractions <0.5%. We cannot exclude negative results due to loss 
of neurons carrying somatic mutations, or due to not using purely neuronal-derived DNA. Unlike somatic CNVs, 
there is so far no evidence for a role of somatic point mutations in PD. 
References: [1] Leija-Salazar M, Piette C, Proukakis C. Somatic mutations in neurodegeneration. Neuropathol Appl 
Neurobiol. 2018 Apr;44(3):267-285. [2] Mokretar K, Pease D, Taanman J-W, Soenmez A, Ejaz A, Lashley T, Ling 
H, Gentleman S, Houlden H, Holton JL, Schapira AH, Nacheva E, Proukakis C. Somatic copy number gains of α-
synuclein (SNCA) in Parkinson’s disease and multiple system atrophy brains. Brain 2018; 141(8): 2419–2431. [3] 
Proukakis C, Houlden H., Schapira AH. Somatic SNCA mutations in Parkinson’s disease: hypothesis and 
preliminary data. Mov Disord 2013; 28:705-12. [4] Proukakis C , Shoaee M, Morris J, Brier T, Kara E, Sheerin UM, 
Charlesworth G, Tolosa E, Houlden H, Wood NW, Schapira AH. Analysis of Parkinson's disease brain-derived 
DNA for alpha-synuclein coding somatic mutations. Mov Disord 2014;29:1060-1064. 
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453 
GBA1 biomarkers in longitudinal CSF: GCase, Sphingolipids and alpha-synuclein 
S. Lerche, C. Schulte, G. Machetanz, I. Wurster, B. Röben, M. Zimmermann, C. Deuschle, A. Hauser, I. Liepelt-
Scarfone, J. Böhringer, I. Krägeloh-Mann, I. Lachmann, W. Maetzler, T. Gasser, M. Mielke, D. Berg, K. Brockmann 
(Tuebingen, Germany) 
Objective: To assess the GBA1-pathway-specific biomarker profile in patient-derived CSF. 
Background: Heterozygous mutations in the GBA1 gene represent the most common genetic risk factor for 
synucleinopathies such as PD and DLB. Experimental evidence suggests that GBA1 mutations result in lower 
GCase1 activity and cause a build-up of lysosomal glucosylceramides which also impairs the lysosomal degradation 
of alpha-synuclein and promote its aggregation. 
Methods: We measured GCase1 activity, CSF levels of glucosylceramides (upstream substrate of GCase1), CSF 
levels of ceramides and sphingosines (downstream product of GCase1) and CSF levels of total alpha-synuclein in 
PDGBA patients compared to PDidiopathic patients and healthy control participants (HC). 
Results: (1) GCase1 activity was significantly lower in PDGBA compared to PDidiopathic and HC with lowest 
levels in PDGBA_severe. (2) CSF levels of glucosylceramides did not differ significantly between PDGBA, 
PDidiopathic and HC whereas CSF levels of ceramides and sphingosine-1-phosphate which represent products 
downstream of GCase1 were higher in PDGBA with highest levels in PDGBA_severe. (3) CSF levels of total alpha-
synuclein were lower in PDGBA compared to PDidiopathic and to HC and lowest in PDGBA_severe. 
Conclusions: These findings are of special interest since in case of lysosomal GCase1 deficiency, 
glycosylceramides are alternatively processed to ceramides and sphingosines in the cytosol. Cell culture models 
show that not only glycosylceramides but also downstream products such as glucosylsphingosines, sphingosine, and 
sphingosine-1-phosphate promote the formation of oligomeric alpha-synuclein. Bridging experimental data and 
present findings in patients, a congruent picture of molecular mechanisms in GBA1-associated Parkinsonism arises. 
With interventional trials in this genetically stratified patient cohort under way, these findings offer entry points for 
patient stratification, biochemical readouts and possibly new treatment targets. 
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454 
Dementia with Lewy bodies: GBA1 mutations are associated with cerebrospinal fluid alpha-synuclein profile 
S. Lerche, G. Machetanz, I. Wurster, B. Roeben, M. Zimmermann, A. Pilotto, A.-K. Hauser, C. Schulte, I. Lachmann, 
T. Gasser, D. Berg, W. Maetzler, K. Brockmann (Tübingn, Germany) 
Objective: Whether GBA1 mutations are associated with a CSF alpha-synuclein profile in DLB. 
Background: Patients with dementia with Lewy bodies (DLB) reveal a variable pathology including alpha-
synuclein, Amyloid-beta and Tau. Mutations in GBA1 are specifically associated with synucleinopathies. PD 
patients with GBA1 mutations show reduced CSF levels of total alpha-synuclein. 
Methods: Screening of the GBA1 gene and single nucleotid polymorphisms in SNCA rs356220, APOE rs429358, 
and MAPT rs1052587 as well as CSF levels of total alpha-synuclein, Amyloid-beta1-42, total-Tau, phospho-Tau, 
and Neurofilament light chain were assessed in 100 DLB patients and 39 controls cross-sectionally. 
Results: Severity of GBA1 mutations was associated with a younger age at onset and higher prevalence of REM-
sleep-behavior disorder. CSF levels of total alpha-synuclein were lowest in DLBGBA_severe compared to 
DLBGBA_mild and DLBwildtype. 
Conclusions: Similar to PD, pathogenic GBA1 mutations seem to be associated with CSF alpha-synuclein profiles 
in DLB. That might be useful for patient stratification for specific alpha-synuclein-lowering compounds 

 

455 
Parkinson’s disease Polygenic Risk Factor Scores in Patients with Inflammatory Bowel Disease 
H. Maghzi, D. Li, E. Hogg, A. Garland-Becerra, E. Tan, A. Maghzi, D. McGovern, M. Tagliati (Los Angeles, CA, 
USA) 
Objective: To assess the genetic risk factors for Parkinson’s disease (PD) in a large population of patients with 
inflammatory bowel disease (IBD), as compared to non-IBD controls. 
Background: Recent population-based studies have shown an increased risk of neurodegeneration in IBD patients 
as compared to the general population, suggesting a link between IBD and diseases like PD (1). 
Methods: We calculated a PD polygenic risk score (PRS) for each individual in the Material and Information 
Resources for Inflammatory and Digestive Diseases (MIRIAD) research database, which includes subjects 
diagnosed with Crohn disease (CD) and Ulcerative Colitis (UC). Genotypes from 2931 IBD patients and 218 non-
IBD controls were included in the analysis. PD PRS was calculated as a weighted sum of the number of risk alleles 
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carried by each individual (0, 1, or 2) at 41 known PD genetic risk loci, with weights proportional to the effect 
estimates from previously published large-scale association studies (2). R package Mangrove was utilized in the 
PRS calculation. 
Results: PD PRS in IBD patients as a whole were not statistically different as compared to non-IBD controls 
(p=0.064). However, when analyzing the two distinct subgroups of IBD, we found that CD patients (n=1922) had a 
higher PD PRS compared to controls (p=0.01), while PD PRS in UC patients (n=714) could not be distinguished 
from controls (p=0.7). CD patients had significantly higher PD PRS compared to UC (p=0.0006). In addition, PD 
PRS was associated with a younger age at onset of CD (Beta=- 0.63, p=0.01). 
Conclusions: Patients with CD have higher PD PRS compared to non-IBD controls, supporting previous 
epidemiological studies that show increased prevalence of PD in this cohort. UC patients in our study had a genetic 
risk for PD similar to non-IBD controls. 
References: 1. Zhu F, Li C, Gong J, Zhu W, Gu L, Li N. The risk of Parkinson’s disease in inflammatory bowel 
disease: A systematic review and meta-analysis. Dig Liver Dis. 2019;51(1):38-42. doi:10.1016/j.dld.2018.09.017 2. 
Chang D, Nalls MA, Hallgrímsdóttir IB, et al. A meta-analysis of genome-wide association studies identifies 17 new 
Parkinson’s disease risk loci. Nat Genet. 2017. doi:10.1038/ng.3955 

456 
A novel TGM6 heterozygous mutation in a patient with cerebellar ataxia 
A. Manini, T. Bocci, E. Monfrini, D. Ronchi, M. Vizziello, G. Franco, A. De Rosa, F. Sartucci, A. Di Fonzo (Milan, 
Italy) 
Objective: To report a novel heterozygous missense mutation of TGM6 in a patient with cerebellar ataxia. 
Background: Mutations in TGM6 have been recently implicated in the pathogenesis of spinocerebellar ataxia type 
35 (SCA35), a rare autosomal dominant disease, marked by cerebellar degeneration. The associated phenotype 
includes slow progressive postural instability and incoordination of gait, cerebellar dysarthria, dysmetria, saccadic 
slowing and pyramidal signs. TGM6, a member of the transglutaminase superfamily specifically expressed in the 
central nervous system, is involved in proteins cross-linking. Even though it is established that mutations of TGM6 
described so far reduce transglutaminase activity, the precise molecular pattern impaired is still unclear. 
Methods: We performed a neurological evaluation and genetic analysis of a patient with late-onset, progressive 
cerebellar ataxia and pyramidal tract signs. 
Results: A novel TGM6 heterozygous mutation (R342W) was detected in a patient with late-onset, progressive 
cerebellar ataxia, pyramidal tract signs, cerebellar dysarthria and ocular dysmetria. A cerebellar atrophy was 
confirmed by brain imaging. The mutation, located at a highly conserved position, was rare (AF= 0.02%) and 
predicted as pathogenic by in silico tools. 
Conclusions: In summary, we described the clinical phenotype of an Italian SCA35 patient, who was confirmed to 
have a novel heterozygous missense mutation of TGM6. Despite its rare frequency among general population, we 
suggest to consider SCA35 genetic testing in case of undiagnosed cerebellar ataxia. 

457 
The role of LRP10 mutations in Parkinson’s Disease and Dementia with Lewy Bodies 
A. Manini, E. Monfrini, L. Straniero, M. Vizziello, G. Franco, S. Duga, A. Di Fonzo (Milan, Italy) 
Objective: To test LRP10 in a cohort of Italian patients, with a clinical diagnosis of either Parkinson’s Disease (PD) 
(n=316) or Dementia with Lewy Bodies (DLB) (n=10). 
Background: PD and DLB belong to a continuum spectrum of neurodegenerative diseases characterized by alpha-
synuclein accumulation in neurons. Even though alpha-synucleinopathies pathogenesis remains largely uncovered, 
the development of novel techniques in the field of genetics has brought to the discovery of at least 23 loci and 19 
disease-causing genes for parkinsonism. Recently, a new candidate gene (LRP10) for PD and DLB has been 
identified by performing a linkage analysis and positional cloning on a large Italian family with late-onset PD. After 
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the first characterization of a LRP10 pathogenic mutation, other eight variants have been detected in an international 
multicenter series of 660 probands with either a clinical or pathological diagnosis of PD or DLB. 
Methods: A genetic analysis of LRP10 was assessed by Sanger sequencing in 176 patients affected by PD and 10 
by DLB. A second cohort of 140 PD cases was analysed by NGS panel approach. LRP10 variants identified were 
subsequently confirmed by Sanger sequencing. 
Results: Six variants (MAF<1%) were identified in a total of ten patients: one was synonymous (c. 1923G>A) and 
one was detected in an intronic region (c. 80-23G>A); four (c. 415A>G, c. 1646G>A, c. 1685G>A and c. 1991C>T) 
led to a missense change at protein level, respectively p. M139V, p. R549Q, p. R562H and p. R661C. The c. 
1923G>A was predicted to generate a potential splice site change. 
Conclusions: In conclusion, several LRP10 rare variants were detected in patients with Parkinson’s Disease. Further 
investigations will be employed to define the precise role of these variants in PD. 

458 
The Genetic Basis of pediatric movement disorders: experience from the SYNaPS Study 
R. Maroofian, V. Salpietro, H. Houlden (London, United Kingdom) 
Objective: To identify genetic causes of paediatric movement disorders in a large multi-ethnic cohort of patients by 
genetic investigations. 
Background: Pediatric movement disorders which are usually part of complex neurodevelopmental disorders 
comprise a wide group of neurological diseases with highly variable, heterogeneous and often complex clinical 
presentation. Although causative mutations in more than a few hundred genes have been associated with various 
movement disorders, many patients remain without a defined genetic diagnosis [1]. The SYNaPS Study, which is 
IRB/ethics approved and aimed at analysing unexplained ultra-rare neurological conditions, aim to identify 
underlying genetic causes in patients with pediatric movement disorders by high-throughput genetic investigations. 
Methods: As part of SYNaPS study a large cohort of well-phenotyped families affected by childhood and early-
onset movement disorders were recruited from multiple paediatric neurology clinicns around the world with a 
diverse ethnic background. The patients were genetically and clinically investigated through the program. Exome 
sequencing was performed for probands of around 500 families with any forms of movement disorders. Some of the 
unsolved individuals were subjected to a combination of SNP-Array genotyping/homozygosity mapping, whole 
genome sequencing, long-read sequencing and coupled with deep-phenotyping. 
Results: Overall, in this study we manage to resolve around 50% of the patients with movement disorders. We also 
uncovered novel disease-causing genes in various families. Re-annotating/re-analysing the exome data along with 
more extensive data sharing and also employing homozygosity mapping in some of the families increased the rate of 
diagnosis. 
Conclusions: We made a molecular diagnosis for around half of the families and characterised multiple new genes 
and defined new ultra-rare movement disorders. Additionally, an accurate genetic diagnosis provided either disease-
specific therapy or improved the management for some affected individuals with a genetic diagnosis, underlining the 
significance of early and specific diagnosis. 
References: 1) Cordeiro D, Bullivant G, Siriwardena K, Evans A, Kobayashi J, Cohn RD, Mercimek-Andrews S. 
Genetic landscape of pediatric movement disorders and management implications. Neurology Genetics. 2018 Oct 
1;4(5):e265. 

459 
Hereditary and geneological aspects of Parkinson's disease and essential tremor in people of Uzbek 
nationality 
R. Matmurodov, K. Khalimova (Tashkent, Uzbekistan) 
Objective: To study the genealogic features of Parkinson’s disease and essential tremor in people of Uzbek 
nationality. 
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Background: Parkinson's disease (PD)  and essential tremor (ET) are one of the main hereditary neurodegenerative 
diseases of the brain, of which the clinical signs may be the same. 
Methods: 24 patients with PD, aged from 33 to 65 years (mean age 46.7±8.1 years), 12 men and 12 women and 
26  patients with ET, aged from 24 to 55 years (mean age 46.7±8.1 years), 13 men and 13 women were 
examined.  The diagnosis was made by special criteria that can be differentiated. All patients were given genealogies 
on the basis of anamnestic examination. 
Results: Based on long examinations, we found a familial case in 13 (54.1%) patients with PD and 18 (69.2%) 
patients with ET.  In 10 (41,6%)  patients with PD, an autosomal-dominant type was encountered, and in 14 (58.4%) 
patients an autosomal-recessive type. In patients with ET, an autosomal-dominant type was more common (84,6%). 
Of the 24 patients with PD, we found 11 patients who had all the signs of the disease embedded in the background 
of ET and observed rapid progressive course. In the remaining 13 patients, a slowly progressive course was 
observed. In all patients, ET was observed slowly in the qualitative course, which patients did not always complain. 
Conclusions: In patients with PD and ET on the basis of conducting a genetic survey, it is not only possible to 
differentiate, but also for early diagnosis. 

460 
Fragile X syndrome presenting with levodopa unresponsive parkinsonism 
J. Mayer, J. Panicker, S. Alusi (Liverpool, United Kingdom) 
Objective: To describe a case of genetically confirmed Fragile X syndrome presenting with levodopa unresponsive 
Parkinsonism 
Background: Parkinsonism with or without ataxia is well recognised to occur with the premutation expansion of 
FMR1 gene whereas this is not a recognised clinical presentation for people with the full FMR1 mutation causing 
Fragile X syndrome. The pathophysiology in cases with premutation is speculated to be a toxic gain-of-function 
messenger RNA (mRNA) manifesting with the features of fragile X associated ataxia syndrome (FXTAS). The full 
expansion leads to Fragile X syndrome; a condition predominantly affecting males and manifests with learning 
disability, autism and epilepsy. Patients who have genetic mosaicism or who have not fully methylated mutations 
may still express elevated mRNA. 
Methods: Case report 
Results: A 62 year old presented to the outpatient department with a 12 month history of deteriorating mobility 
described as an increasing frequency of falls and dragging of his right leg. He had a lifelong history of severe 
learning disability and had two male siblings with learning disability and autism. Examination revealed unilateral 
rigidity with cogwheeling and bradykinesia, no tremor and normal power and reflexes. His Parkinsonism was 
managed initially with escalating doses of levodopa. After failing to respond to levodopa, genetic testing was 
performed identifying full mutation in FMR1 diagnosing Fragile X syndrome. 
Conclusions: This is an unusual case of genetically confirmed Fragile X syndrome in a patient who presented with a 
levodopa unresponsive parkinsonism in later life. This case appears to expand the clinical phenotype for Fragile X 
and suggests that there may be an alternate hypothesis to explain the gene to phenotype mechanism. As FMR1 
mutations were first described only less than 30 years ago, we may start to see more patients manifesting with 
hitherto unrecognised neurological presentations in later life. Patients who present with parkinsonism and a strong 
family history of learning disability and autism may benefit from genetic testing for FMR1 mutation. 
References: Jacquemont, S., Hagerman, R. J., Hagerman, P. J., & Leehey, M. A. (2007). Fragile-X syndrome and 
fragile X-associated tremor/ataxia syndrome: two faces of FMR1. Lancet Neurology, 6(1), 45-55 

461 
Homozygous BZRAP1 mutations cause autosomal recessive dystonia 
N.E. Mencacci, M.M. Brockmann, S. Pajusalu, B. Atasu, P. Gonzalez-Latapi, M. Schwake, B. Balint, A. 
Papandreou, A. Pittman, J. Simon-Sanchez, S. Wiethoff, T.T. Warner, T. Gasser, M. Kurian, E. Lohmann, K. Õunap, 
K.P. Bhatia, C. Rosenmund, T. Sudhof, N.W. Wood, D. Krainc, C. Acuna Goycolea (Chicago, IL, USA) 
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Objective: To report the identification of bi-allelic mutations in BZRAP1, encoding the active zone (AZ) protein 
RIM-binding protein 1 (RBP1), as a novel cause of dystonia. 
Background: Dystonia is characterized by excessive muscle contractions leading to abnormal involuntary 
movements and postures. While the precise functional neuroanatomy and pathophysiological molecular events of 
dystonia are unclear, abnormal synaptic homeostasis has been observed in several models of dystonia. 
Methods: We studied 3 pedigrees using homozygosity mapping and whole-exome sequencing and independently 
identified homozygous BZRAP1 mutations as the likely genetic cause of dystonia in our patients. We characterized 
the motor phenotype and brain pathology of BZRAP1-KO mice and Purkinje cells (PC)-only BZRAP1-KO mice. To 
directly test how the mutation p.Gly1808Ser impacts synaptic function, we measured its effect on neurotransmission 
in neuronal cultures. 
Results: 2 homozygous truncating BZRAP1 (p.Ala180Profs*8 and p.Gln817*) were found in 4 subjects from 2 
families. These cases all presented in early teenage years with progressive generalized dystonia with prominent 
involvement of the cranial and laryngeal muscles and striking progressive cerebellar atrophy. A homozygous 
missense variant (p.Gly1808Ser) was identified in three members of a family with a significantly milder phenotype, 
consisting of adult-onset cervical and upper-limb dystonia. BZRAP1-KO mice showed several motor abnormalities, 
including increased spontaneous locomotion, abnormal beam-walking test, dystonic clasping of hindlimbs and a 
dramatic pathological motor response to cholinergic stimulation. This motor phenotype was only partially 
recapitulated by selective BZRAP1 KO in PC. BZRAP1-KO did not affect cerebellar gross volume, but impacted 
significantly gross dendritic morphology of PC and number of synaptic inputs onto these cells.  Analysis of the 
p.Gly1808Ser variant showed a gain-of-function effect on neurotransmitter release through enhanced presynaptic 
calcium entry. 
Conclusions: We describe the identification of bi-allelic BZRAP1 mutations, both loss- and gain-of-function, in 
patients with different forms of dystonia. RBPs mediate tethering of voltage-gated Ca2+ channels to the presynaptic 
AZ, ensuring fidelity of synaptic vesicle release in response to action potentials. Our results demonstrate a direct 
link between the dysfunction of the presynaptic machinery and dystonia pathogenesis. 

462 
Gene panel testing in movement disorders: an efficient approach highlighting overlaps and heterogeneity 
S. Montaut, C. Tranchant, N. Drouot, G. Rudolf, C. Guissart, J. Tarabeux, T. Stemmelen, A. Velt, C. Fourrage, P. 
Nitschke, B. Gerard, J.L. Mandel, M. Koenig, J. Chelly, M. Anheim (Strasbourg, France) 
Objective: Our study aimed at developing a targeted sequencing approach using a customized panel of genes 
involved in movement disorders (MDs). 
Background: MDs are characterized by a marked genotypic and phenotypic heterogeneity, complicating diagnostic 
work in clinical practice and molecular diagnosis. 
Methods: 127 MDs-associated genes were selected to design a customized enrichment in solution capture array. 
Targeted high-coverage sequencing was applied to DNA samples from 378 eligible patients suspected with inherited 
MDs due to early-onset and/or family history and/or complex phenotype from 25 French, 1 Luxembourg and 1 
Algerian tertiary MDs centers, included between September 2014 and July 2016. 
Results: Out of the 378 patients, probable pathogenic variants were identified in 83 cases (22%): 46 patients with 
parkinsonism (ATP13A2, DJ-1, DNAJC13, EIF4G1, GBA, HTRA2, LRRK2, PARKIN, PINK1, PLA2G6, SNCA, 
VPS35, WDR45), 21 patients with dystonia (ADCY5, ATP13A2, GCH1, GNAL, MECP2, NKX2-1, PARKIN, 
PRKCG, PRKRA, SLC2A1, SPG11, SUOX, TIMM8A, TOR1A, TUBB4A), 7 patients with chorea (ADCY5, 
ALDH5A1, VPS13A, XK), 7 patients with paroxysmal MDs (AP4B1, GLRA1, PRRT2) and 2 patients with 
myoclonus as predominant phenotype (ATP1A3, ATP13A2). Some genes were mutated in several cases in our 
cohort (PARKIN, GBA, LRRK2, PLA2G6, VPS13A, ATP13A2, DNAJC13, GCH1, ADCY5, AP4B1, DJ-1, 
GLRA1, VPS35, WDR45). Patients with pathogenic variants were significantly younger (median age of 27 years, 
95% CI -Inf to -0.16, P=.04) than the patients without diagnosis. The diagnostic yield was significantly lower in 
patients with dystonia (15.6%, 95% CI 0.29% to 0.95%; P=.03). Unexpected genotype-phenotype correlations in 
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patients with pathogenic variants deviating from the classic phenotype (PRKRA, PARKIN, PRRT2) were 
highlighted and 49 novel probable pathogenic variants were identified. Our findings also bring additional supportive 
(DNAJC13, HTRA2) or unsupportive (GIGYF2) evidences for the implication of candidate genes. 
Conclusions: High-coverage sequencing panel for the delineation of genetic causes of MDs was found to be 
efficient and provided a cost-effective diagnostic alternative to whole-exome and whole-genome sequencing. 

463 
Prevalence of Fabry disease among patients with Parkinson’s disease 
A. Mosejova, S. Oppermann, V. Han, P. Dosekova, J. Cobejova, M. Cobej, P. Levicka, S. Liesenerova, T. Lorincova, 
M. Ostrozovicova, D. Sendekova, V. Sukovska, Z. Gdovinova, P. Bauer, M. Skorvanek (Kosice, Slovakia) 
Objective: To determine the prevalence of Fabry disease (FD) among patients with Parkinson’s disease (PD). 
Background: Increased prevalence of PD disease has been previously reported in subjects with FD carrying alpha-
galactosidase (GLA) mutations and their first line relatives. [1] Moreover, decreased alpha-galactosidase A 
(AGALA) enzymatic activity has been reported among cases with Parkinson’s disease compared to controls. [2] 
This points to a potential relationship between these 2 disorders. Nevertheless, the prevalence of FD among PD 
patients has not been systematically studied so far. 
Methods: We recruited 209 consecutive patients with PD in a single tertiary movement disorders center in Kosice, 
Slovakia. Standard determination of AGALA activity and next generation sequencing-based GLA sequencing were 
performed in a routine diagnostic setting at CENTOGENE AG. 
Results: The mean age of our patients was 68.0±9.3 years, 113 were men (54.2%) and mean disease duration was 
6.9±5.0 years. GLA variants were found in 2/115 (1,7%) PD subjects tested for GLA mutations based on the 
protocol. Both subjects were females and were carrying heterozygous c.937G>T, p.(Asp313Tyr) GLA gene variant. 
Conclusions: The results of this study suggest possible relationship between FD and PD in a small proportion of 
cases. Nevertheless, the GLA variant found in our cohort is classified as variant of unknown significance. Therefore, 
its pathogenic causative role in the context of PD needs to be further elucidated and these findings should be 
interpreted with caution. 
References: 1. Wise AH, Yang A, Naik H, et al. Parkinson’s disease prevalence in Fabry disease: A survey study. 
Mol Genet Metab Rep 2017;14:27-30. 2. Alcalay RN, Wolf P, Levy OA, et al. Alpha galactosidase activity in 
Parkinson’s disease. Neurobiol Dis 2018;112:85-90. 

464 
Impact of Offering Genetic Testing and Counseling to People with Parkinson’s Disease in a Clinical Setting 
A. Naito, J. Beck, C. Casaceli, A. Hall, K. Marder, M. Nance, M. Schwarzschild, T. Simuni, R. Alcalay (Miami, FL, 
USA) 
Objective: To facilitate access to Clinical Laboratory Improvement Amendments (CLIA)-approved genetic testing 
and improve communication of results to people with Parkinson's disease (PD) and their clinicians. This will permit 
assessment of the impact of genetic data on clinical care for people with PD and may accelerate referral to clinical 
research. Secondary objectives include evaluating impact and feasibility of returning genetic results through 
clinician vs. genetic counselor and empowering those living with PD by providing further knowledge of their 
disease. 
Background: Most people with Parkinson’s as well as their clinicians do not know if they carry genetic mutations 
linked to PD such as in LRRK2 and GBA1. The Parkinson’s Foundation PD GENEration Initiative: Mapping the 
Future of Parkinson’s Disease (PDGENE) is a five-year, multi-center study in the US that aims to offer CLIA-
certified genetic testing of seven PD-related genes along with genetic counseling to people with PD via the 
Parkinson’s Foundation Center of Excellence (COE) and the Parkinson Study Group (PSG) networks. 
Methods: The study will target enrollment of up to 15,000 participants across 50 sites distinguished as a COE or a 
PSG site in the US. After consent, participants will undergo clinical assessments to characterize disease status and 
severity. DNA will be sequenced at the coding regions of GBA1, LRRK2, PRKN, PARK 7/DJ-1, PINK-
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1, SNCA, and VPS35, through a CLIA-certified genetic testing laboratory and banked for future research use. 
Results will be disclosed to the participants with pre- and post-test genetic counseling service through virtual or 
local site counseling. In a pilot study, a subset of participants will be randomized to receive genetic testing results 
from their movement disorders neurologist or a centralized genetic counselor. Follow-up at 3 and 12 months after 
baseline visit will assess satisfaction and impact among participants and clinicians. The primary endpoint is to 
determine the number of participants that receive genetic testing and subsequently are ready to enroll in gene-
specific clinical trials. 
Results: Recruitment will initially commence at six COE pilot sites within the US in 2019, expanding to fifty COE 
and PSG study sites in 2020-21. 
Conclusions: The study will provide a large-scale patient registry that links clinical phenotype with genetic status 
for up to 15,000 people with PD in the US. 

465 
Alpha-synuclein promoter (SNCA-Rep1) polymorphism is associated with non-motor symptoms in early 
Parkinson’s disease 
A. Ng, Y.J. Tan, Y. Zhao, Z.H. Lu, E. Ng, S. Ng, N. Chia, F. Setiawan, Z.Y. Xu, K.Y. Tay, W.L. Au, E.K. Tan, L. Tan 
(Singapore, Singapore) 
Objective:  
We sought to investigate the relationship between SNCA Rep1 allele length and NMS in PD. 
Background: Associations between the alpha-synuclein gene (SNCA) promoter region (Rep1) polymorphism 
(long- vs short-allele carriers) and Parkinson’s’ disease (PD) is well-established, with longer Rep1 allele carriers 
displaying increased risk of developing PD and greater motor decline in multiple studies than short allele carriers. 
Non-motor symptoms (NMS) are important features at early stages of PD and has a major impact on quality of life 
of PD patients. To date, there are limited studies that investigate the association of Rep1 genotype with PD NMS. 
Methods:  
A total of 133 patients with early PD (disease duration £ 1 year) were included in this study. Patients were 
genotyped and grouped according to Rep1 allele length: ‘1’ and ‘2’ coding as “short”, while ‘3’ coding as “long” in 
line with previous studies. Non-motor symptoms, such as sleep impairment, fatigue, mood disturbance, perceptual 
problems, gastrointestinal tract problems etc, were assessed by the Non-Motor Symptom Scale (NMSS); Anxiety 
and depression were assessed by Hospital Anxiety and Depression Scale (HADS). Higher scores in these scales 
represent more severe symptoms. 
Results:  
PD patients were stratified into short (n=60) and long (n=72) carriers. There were no significant differences in age, 
gender, and disease duration according to Rep1 allele length in PD patients. By comparing NMSS scores, patients 
with longer Rep1 alelles had overall more severe NMSS total score (p=0.016), comparing to patients with shorter 
Rep1 alleles. HADS depression scores were significantly higher in patients with longer Rep1 alleles (p=0.002), but 
not HADS anxiety scores (p=0.921), comparing to patients with shorter alleles. These results remained significant in 
multivariate comparisons that controlled for age, gender and disease duration. 
Conclusions: Our findings suggest that SNCA Rep1 allele length influences non-motor aspects in early PD, with 
patients carrying longer Rep1 alleles showing worse NMS and depression scores. Future research in larger cohort 
are needed to confirm these findings, which will help to identify subsets of patients at risk of NMS, especially in 
early pre-symptomatic stage. 

466 
Detection of genetic modifiers in PRKN 
K. Ogaki, H. Nakaoka, K. Daida, A. Hayashida, A. Ikeda, Y. Li, H. Yoshino, M. Funayama, K. Nishioka, I. Inoue, N. 
Hattori (Tokyo, Japan) 
Objective: In this study, we investigate the Hypothesis 1 using Next-generation sequencing (NGS). 
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Background: In 1998, we reported homozygous mutations of PRKN as the causative gene of juvenile Parkinson's 
disease (PD). Furthermore, we identified PD patients with heterozygous PRKN mutations whose ages at onset were 
relatively early (40.6±16.2y, n=66), although the mechanism of the onset is not elucidated. We propose two 
hypotheses: (Hypothesis 1) There are additional variants in the intronic region of PRKN, which are involved in the 
onset of PD with heterozygous PRKN mutations and (Hypothesis 2) Disease modifier genes (genes other than 
PRKN) are associated with the onset of PD with heterozygous PRKN mutations. 
Methods: We used targeted sequencing and sequenced 1,453,246bp including the 5'UTR and 3' UTR of PRKN. 
Targeted sequencing was performed by 1,624,271 bp paired-end sequencing on HiSeq2500 (Illumina,CA). Sample 
preparation for targeted sequencing was performed using SureSelect QXT Library Prep Kit (Agilent Technologies, 
CA) and SeqCap EZ Prime Choice system (Roche Diagnostics, IN). 
Results: We enrolled 3 groups (total 288 subjects): (i) PD with heterozygous PRKN mutations (n=51), (ii) PD with 
homozygous mutations whose parents are not PD (n=105) and (iii) healthy controls (n=132). Analysis of NGS is 
under the investigation. 
Conclusions: If Hypothesis 1 could be proved, it would be possible to diagnose many patients who were previously 
judged as negative by genetic tests. Furthermore, analyses of the intronic region of the PRKN gene might be 
necessary for the future genetic diagnosis, and a paradigm shift would be led. If Hypothesis 2 could be proved, it 
would be possible to shed new light on the new pathway associated PRKN mutations. 

467 
Parkinson's disease patients with both GBA and LRRK2 mutations are phenotypically similar to LRRK2 – a 
possible protective effect? 
N. Omer, A. Thaler, L. Goldstein, A. Orr-Urtreger, M. Gana Weisz, O. Goldstein, D. Cohen Avinoam, M. 
Kestenbaum, M. Lioti, S. John, J. Cederbaum, A. Mirelman, N. Giladi (Tel Aviv, Israel) 
Objective: To compare the phenotype of patients with Parkinson's disease (PD) who carry dual mutation in both 
LRRK2 and GBA genes with patients with PD who carry a single mutation. 
Background: Differences in PD symptoms have been described between carriers of mutations in the GBA or 
LRRK2 genes. A small percentage of patients with genetic PD harbor mutations of both genes (<10%). However, 
the phenotypic presentation of these patients has not been well described. 
Methods: Patients with PD of Ashkenazi decent were genotyped for the G2019S-LRRK2 mutation and 8 common 
mutations in the GBA gene (N370S, R496H and E326K considered mild mutations and L444P, 84GG, IVS2+1G-
>A, V394L, 370Rec considered severe GBA mutations). Subjects were classified into 4 groups: PD-mGBA, PD-
sGBA, PD-LRRK2 and PD-LRRK2+GBA for those carrying both mutations. Clinical symptoms were evaluated 
using performance based measures such as the UPSIT, MoCA and the sub-section of the MDS-UPDRS. Autonomic 
symptoms were evaluated using the SCOPA-AUT questionnaire. Differences in phenotype between the groups were 
explored using ANOVA models with genotype as the categorical variable. Analysis was adjusted for age, gender 
and age at onset (AAO) and controlled for FDR at 0.05 using the Benjamini-Hochberg method. 
Results: 152 patients were tested positive for the LRRK2 mutation (age: 67.17±10.02, 50% male, 
AAO:58.59±10.99), 165 were mGBA (age: 66.66±9.84, 62% male, AAO:59.77±10.68), 48 were sGBA (age: 
64.45±10.33, 56% male, AAO:57.66±10.62), and 23 patients had both LRRK2 and GBA mutations (age: 
67.04±10.41, 34% male, AAO:58.01±8.84). Differences between groups were found in all measures except the 
UPDRS part IV. sGBA mutation carriers exhibited more severe motor, cognitive, autonomic and olfactory 
dysfunction as compared to the three other groups (<0.008). mGBA carriers showed significantly worse symptoms 
on all parts of the UPDRS compared to LRRK2 and LRRK2+GBA carriers, but were similar to the LRRK2+GBA 
group in their cognitive function. No differences were found between PD-LRRK2 and PD- LRRK2+GBA. 
Conclusions: Patients with LRRK2 and GBA mutations were more symptomatically similar to LRRK2 carriers than 
to GBA, suggesting the dominant effect of LRRK2 over GBA in phenotypic presentation. 
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468 
Effect of polygenic load on striatal dopaminergic deterioration in Parkinson's disease 
K.J. Pak, M.J. Lee (Busan, Republic of Korea) 
Objective: To investigate the longitudinal association between PD-associated polygenic load and the striatal 
dopaminergic activity using 123I-N-3-fluoropropyl-2-beta-carboxymethoxy-3beta-(4-iodophenyl) nortropane (123I-
FP-CIT) single photon emission computed tomography (SPECT). 
Background: Recent genome-wide association studies (GWASs) have shown that a number of single nucleotide 
polymorphisms (SNPs) in several genes are associated with an increased susceptibility toward PD. However, the 
relationship between polygenic load and striatal dopaminergic degeneration in PD remains still unclear. 
Methods: Using data from 335 PD patients in the Parkinson's Progression Markers Initiative (PPMI) database, we 
investigated the longitudinal association of PD-associated polygenic load with changes in striatal dopaminergic 
activity as measured by 123I-N-3-fluoropropyl-2-beta-carboxymethoxy-3beta-(4-iodophenyl) nortropane (123I-FP-
CIT) single photon emission computed tomography (SPECT) over 4 years. PD-associated polygenic load was 
estimated by calculating weighted genetic risk scores (GRS) using: i) all available 27 PD-risk single nucleotide 
polymorphisms (SNPs) in the PPMI database (GRS1); and ii) 23 SNPs with minor allele frequency > 0.05 (GRS2). 
Results: GRS1 and GRS2 were correlated with younger age-at-onset in PD patients (GRS1, Spearman's rho = -
0.128, p = 0.019; GRS2, Spearman's rho = -0.109, p = 0.047; Figure 1). Although GRS1 did not show an association 
with changes in striatal 123I-FP-CIT availability, GRS2 was associated with a slower decline of striatal 
dopaminergic activity (interactions with disease duration in linear mixed model; caudate nucleus, estimate = 0.399, 
SE = 0.165, p = 0.028; putamen, estimate = 0.396, SE = 0.137, p = 0.016). For visualization purposes, we extracted 
subgroups who had GRS2 ≥ 84 percentile (mean + 1 SD) and GRS ≤ 16 percentile (mean - 1 SD). PD patients with 
GRS2 ≥ 84 percentile exhibited a slower decline in striatal DAT SBRs than those with GRS2 ≤ 16 percentile (Figure 
2). 
Conclusions: Our results suggest that genetic factors for PD risk may have heterogeneous effects on the striatal 
dopaminergic degeneration, and some factors may be associated with a slower decline of dopaminergic activity. 
Composition of PD-progression specific GRS may be useful in predicting disease progression in patients. 
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469 
Sequencing of single human nigral dopaminergic neurons for somatic copy number variants 
D. Perez-Rodriguez, M. Kalyva, S. Santucci, K. Mokretar, M. Leija-Salazar, A. Schapira, T. Lashley, J. Holton, C. 
Proukakis (London, United Kingdom) 
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Objective: To detect somatic DNA copy number variants (CNVs) in dopaminergic neurons isolated from human 
substantia nigra, using shallow whole genome sequencing (WGS). 
Background: Somatic (post-zygotic) mutations lead to mosaicism (genomic diversity within an individual), 
and may have a role in neurodegeneration [1]. Technical advances have allowed sequencing the genome of single 
cells, which can be performed at very low coverage for CNV detection. We recently reported somatic CNVs of 
alpha-synuclein (SNCA) in substantia nigra in a targeted study, commoner in dopaminergic neurons of 
synucleinopathies than controls, with possible clinical correlates [2]. 
Methods: Material: A human control substantia nigra was used. 
Cell / nuclear isolation: (1) Laser-capture microdissection of cells identified by neuromelanin. (2) Nuclear fraction 
isolation from tissue, with dopaminergic nuclei labelled by an appropriate antibody. We selected nuclei either by 
fluorescence-activated nuclear sorting (FANS), or a manual device on an inverted microscope (Qiascout). 
Whole genome amplification (WGA), sequencing, and analysis: Four kits were compared (GenomePlex, TruePrime, 
RepliG, Picoplex). Libraries were sequenced on Illumina MiSeq, aiming to obtain >1 million read pairs per cell. The 
Ginkgo web-based algorithm, which relies on comparing the number of reads aligned to each genomic region, or 
"bin", was used for quality control and CNV detection at varying bin sizes. We aimed to detect somatic CNVs, and 
determine if a known germline CNV (405 kb duplication) was visible at the single-cell level. 
Results: We obtained WGA products after LCM with two kits (RepliG, Picoplex), which we used further. We 
sequenced 42 cells (18 RepliG, 24 Picoplex). The "noise" caused by uneven amplification was lower with Picoplex. 
The known CNV was called in one cell, although data suggested its presence in others. Several possible somatic 
CNVs were detected. Some cells isolated by LCM had highly aberrant profiles, possibly sectioning artefacts. 
Conclusions: We report WGA and shallow WGS for CNV detection from human nigral dopaminergic neurons. 
LCM and nuclear capture were both successful, although caveats of sectioning, and appropriate nuclear markers, 
need to be considered respectively. Picoplex is preferable for CNV detection, consistent with published reports. 
Detection of sub-megabase CNVs remains challenging, as does orthogonal validation of single-cell CNVs unique. 
References: [1] Leija-Salazar M, Piette C, Proukakis C. Somatic mutations in neurodegeneration. Neuropathol Appl 
Neurobiol. 2018 Apr;44(3):267-285. [2] Mokretar K, Pease D, Taanman J-W, Soenmez A, Ejaz A, Lashley T, Ling 
H, Gentleman S, Houlden H, Holton JL, Schapira AH, Nacheva E, Proukakis C. Somatic copy number gains of α-
synuclein (SNCA) in Parkinson’s disease and multiple system atrophy brains. Brain 2018; 141(8): 2419–2431. 

470 
Genetic analysis of DNA methylation and hydroxymethylation genes in Parkinson’s disease 
L. Qin, L. Shu, B. Tang, Q. Xu (Changsha, China) 
Objective: To investigate the relationship between DNA methylation/hydroxymethylation genes and Parkinson’s 
disease (PD), we conducted genetic analysis in a relatively large Chinese population. 
Background: PD is one of the most common neurodegenerative diseases. Genetic factors, environmental factors, 
and their interactions with aging increase susceptibility to PD. As one of epigenetic modifications, DNA methylation 
is an important regulatory mechanism of PD, which may act as bridges between genetic and environmental factors. 
Variants in genes encoding enzymes and binding proteins could disrupt methylation and demethylation processes 
and might be associated with PD risks. Up to now, the comprehensive analyses of DNA 
methylation/hydroxymethylation genes in PD is lack. 
Methods: Using molecular inversion probes (MIPs), we sequenced 12 genes (DNMT1, DNMT3A, DNMT3B, 
MBD1, MBD2, MBD3, MBD4, MECP2, TET1, TET2, TET3,andUHRF1) related to DNA 
methylation/hydroxymethylation in1,657 patients and 1,394 controls. We conducted gene-wise association analyses 
of rare variants in the present study. 
Results: We identified the TET1gene as important in PD (p:0.0037738, 0.013, 0.019521(b.collapse Test, VT Test 
and skat-o Test, respectively;sex+age as covariates). However, no positive results were observed when conducting 
association analyses on common variants in these genes. 
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Conclusions: We performed a comprehensive analysis of associations between variants of DNA 
methylation/hydroxymethylation genes and PD, resulting in determination that TET1might play a role in PD. 
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Withdrawn 

472 
The role of X-chromosome inactivation in the penetrance of X-linked dystonia-parkinsonism in women 
C.J. Reyes, R. Ardicoglu, R. Rosales, R.D. Jamora, C.C. Diesta, K. Grütz, H. Pawlack, A. Domingo, C. Klein, A. 
Westenberger, N. Brüggemann (Lübeck, Germany) 
Objective: To investigate whether the combination of the X-linked dystonia-parkinsonism (XDP) haplotype and 
skewed X-chromosome inactivation (XCI) underlies the penetrance of XDP in women. 
Background: XDP is a combined dystonia-parkinsonism (DYT/PARK) syndrome inherited in an X-linked 
recessive manner, thus affecting almost exclusively men. However, rare cases of women who present predominantly 
with late-onset, isolated PARK have been described. We previously reported skewed XCI as the likely molecular 
cause of PARK in a single heterozygous mutation carrier [1]. Nevertheless, the role of this epigenetic factor in the 
penetrance of XDP in women has not yet been comprehensively examined. 
Methods: We estimated the XCI ratio using the androgen receptor gene methylation status [2] in blood of 78 
heterozygous XDP haplotype carriers. Furthermore, we performed cDNA sequencing to analyze whether XCI favors 
the expression of the wild-type (WT) or mutant allele in 4 affected women. Also, a comprehensive DYT/PARK 
gene panel was used to investigate the presence of other genetic factors that could cause movement disorders. 
Results: We found 13 affected women out of 78 XDP haplotype carriers, all of whom fit well into the clinical 
spectrum of XDP, including female patients with predominant DYT and age at onset (AAO) similar to males. These 
women include six heterozygotes with (extremely) skewed XCI, one of whom unexpectedly exhibited preferential 
expression of the WT allele. Surprisingly, seven women showed random XCI but still manifested the disorder. One 
such woman was heterozygous for a pathogenic PINK1 change and a TOR1A variant of unknown significance, 
while another carried a likely pathogenic change in PRKN, suggesting that other genetic factors could cooperate 
with the XDP haplotype to cause movement disorders. Conversely, the observation that some heterozygotes, with 
both skewed XCI and preferential expression of the mutant allele, can be asymptomatic raises the possibility that 
there are genetic factors that confer protection against the XDP haplotype. 
Conclusions: DYT is a clinical feature of female XDP, and the AAO can be similar to males. Further, skewed XCI 
may not be a requirement for the manifestation of XDP in women. Careful neurological examination of XDP 
families should thus include female mutation carriers, who exhibit the disease with considerably lower penetrance 
compared to their male counterparts. 
References: [1] Domingo A, Lee L V., Brüggemann N, et al. Woman With X-Linked Recessive Dystonia-
Parkinsonism. JAMA Neurol. 2014;71(9):1177. doi:10.1001/jamaneurol.2014.56. [2] Allen RC, Zoghbi HY, 
Moseley AB, Rosenblatt HM, Belmont JW. Methylation of HpaII and HhaI sites near the polymorphic CAG repeat 
in the human androgen-receptor gene correlates with X chromosome inactivation. Am J Hum Genet. 
1992;51(6):1229-1239. http://www.ncbi.nlm.nih.gov/pubmed/1281384. 

473 
Expression profiles from CD14+ monocytes in PD patients with GBA mutations 
G. Riboldi, E. Udine, E. Navarro, M. Parks, B. Henderson, K. Sharma, T. Sikder, M. Zhuang, J. Crary, S. Frucht, T. 
Raj (New York, NY, USA) 
Objective: To study the pathogenic mechanisms associated with mutations of the GBAgenes in Parkinson’s disease 
(PD). 
Background: Mutation of GBA(encoding for glucocerebrosidase, GCase) is one of the major genetic risk factors 
for PD. However, its role in the pathogenesis of PD has not been fully elucidated. GCase is important in monocytes 
and macrophages and many recent studies have suggested a central role of the innate immune system in PD. 
Therefore, an integrative analysis of genomic and transcriptomic. The profiles from monocytes using advanced 
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computational approaches may provide novel insights into the underlying mechanisms of GBAmutation in the 
pathogenesis of PD. 
Methods: Blood samples were collected from PD subjects and non-affected subjects with and without 
a GBAmutation. We used the CD14+ positive isolation kit and the automated machine by Miltenyi to isolate 
monocytes from peripheral blood mononuclear cells (PBMC). After RNA isolation, Standard protocols were used to 
prepare ribosomal rRNA depletion libraries. Samples were sequenced at 60M reads per sample with Illumina HiSeq 
2500. DNA was extracted and genotyping was performed using Illumina Global Screening Array to generate 
information on ~700K SNPs. Data from PD-GBA+, PD-GBA-, and CTRLs were compared. 
Results: Transcriptomic analysis revealed that monocytes from a pilot cohort of GBA+ PD (n = 10) patients 
presented specific traits compared to controls (n = 10). In particular, genes involved in mitochondrial functions and 
inflammation were dysregulated when comparing the different groups. Dysregulation of genes identified in large 
GWAS-PD studies as well as other previously described genetic risk factors for PD were identified. These results 
suggested possible interactions between these pathogenic variants as important elements for the pathogenesis of PD 
in the presence of GBAmutations. 
Conclusions: This pilot study suggests a dysregulation of specific pathways in monocytes from GBA-PD patients 
compared to non-affected subjects that will be suitable for further confirmation in larger cohort of patients. The 
identification of specific traits in GBAcarriers who develop PD from peripheral blood cells will also offer a 
promising tool for the identification of suitable disease biomarkers. 

474 
GBA and ATP13A mutation and PD: clinical phenotype, eye movements and pathogenic implications 
G.M. Riboldi, J. Martone, J. Rucker, J.R. Rizzo, T. Hudson, W. Dauer, S. Frucht (New York, NY, USA) 
Objective: To characterize a patient with GBAand ATP13A2gene mutations. 
Background: Mutations of GBA(Glucocerebrosidase) and ATP13A2(P5-ATPase) genes are risk factors for 
Parkinson’s disease (PD). Homozygous mutations of these genes cause rare, early onset disorders: Gaucher disease 
(GD) and Kufor-Rakeb syndrome (KRS), respectively. We describe a patient with young onset PD and heterozygous 
mutations ofthese genes. Given that supranuclear gaze palsy (SGP) is characteristic of GD (horizontal SGP) and 
KRS (vertical SGP) disease, detailed eye movement analysis was performed. 
Methods: A 28 year-old woman of Ashkenazi Jewish (AJ) ancestry developed left hand tremor at age 23 and was 
diagnosed with PD. DaTScan was positive. Levodopa response was satisfactory, but she soon developed motor 
fluctuations and dyskinesia. Early age of onset, despite a negative family history, prompted genetic testing. Clinical 
and video-oculographic (VOG) (EyeLink 1000+) eye movement assessments were completed. 
Results: Metabolic/neurological genetic panel for disorders common in AJ population and Invitae PD panel showed 
heterozygous pathogenic mutations of the GBA(N370S) and the ATP13A2(3057delC) gene. Clinical exam revealed 
convergence insufficiency, motor impersistence with difficulty maintaining fixation, and a suggestion of subtle 
vertical (downward) saccade slowing (though with intact optokinetic downward quick phases). Motor impersistence 
was confirmed by VOG. Smooth pursuit, antisaccades and self-paced saccades were abnormal, and large vertical 
saccades were low in frequency. Larger vertical and horizontal saccades were at the lower limits of normal for 
saccadic velocity, but definitive SGP was not evident. 
Conclusions: A growing number of pathogenic genetic mutations have been identified in familial and sporadic PD, 
some of which only represent risk factors, such as GBAand ATP13A2. Both of these genes are important for 
membrane trafficking and for the endo-lysosomal compartment. We suspect the ‘double hit’ to the same metabolic 
pathway is responsible for the phenotype of our patient. Screening for multiple genetic mutations should be 
considered, especially in early onset PD, to improve understanding of the pathogenic mechanisms. The lack of 
classic SGP, as seen here, is likely due to milder clinical effects of heterozygous mutations, though eye movements 
were abnormal and monitoring for future SGP evolution is warranted. 
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475 
A coding VPS13C haplotype is associated with reduced risk for Parkinson disease 
U. Rudakou, J. Ruskey, L. Krohn, S. Laurent, D. Spiegelman, L. Greenbaum, G. Yahalom, A. Desautels, J. 
Montplaisir, S. Fahn, C. Waters, L. Levy, C. Kehoe, S. Narayan, Y. Dauvilliers, N. Dupré, S. Hassin-Baer, R. 
Alcalay, G. Rouleau, E. Fon, Z. Gan-Or (Montreal, QC, Canada) 
Objective: To study the role of coding VPS13C variants in a large cohort of late-onset PD (LOPD) patients. 
Background: VPS13C is within a risk locus for Parkinson Disease (PD) reported in large genome-wide, association 
studies (GWAS) of European population[1, 2]. Bi-allelicVPS13C mutations are a rare cause of PD with early onset 
and rapid disease progression[3, 4]. 
Methods: VPS13C and its untranslated regions were sequenced using targeted next-generation sequencing with 
molecular inversion probes in 1,567 PD patients and 1,667 controls from 3 cohorts. Association tests of rare 
homozygous and compound heterozygous mutations and burden tests for rare heterozygous mutations were 
performed. Common variants were analyzed using logistic regression adjusted for age and sex in each of the cohorts, 
followed by a meta-analysis. 
Results: A VPS13Chaplotype including the p.R153H-p.I398I-p.I1132V-p.Q2376Qvariants was associated with a 
reduced risk for PD (meta-analysis of the tagging SNP p.I1132V (OR=0.48, 95%CI=0.28-0.82, p=0.0052).This 
haplotype was not in linkage disequilibrium (LD) with the known GWAS top hit. There was no statistically 
significant burden of rare (MAF<1%) or very rare (MAF<0.1%)VPS13C variants in PD. Very rare compound 
heterozygous mutations were found only in two controls and no rare homozygous mutations were found. 
Conclusions: A potentially protective VPS13C coding haplotype was identified in the meta-analysis, not in LD with 
the top GWAS hit in this locus, suggesting an independent effect. Additional genetic and functional studies are 
needed to examine the role of this haplotype in PD. Our results do not support a role for rare heterozygous or bi-
allelic VPS13C mutations in LOPD. 
References: 1. Nalls, M.A., et al., Large-scale meta-analysis of genome-wide association data identifies six new risk 
loci for Parkinson's disease. Nat Genet, 2014. 46(9): p. 989-93. 2. Chang, D., et al., A meta-analysis of genome-wide 
association studies identifies 17 new Parkinson's disease risk loci. Nat Genet, 2017. 49(10): p. 1511-1516. 3. 
Schormair, B., et al., Diagnostic exome sequencing in early-onset Parkinson's disease confirms VPS13C as a rare 
cause of autosomal-recessive Parkinson's disease. Clin Genet, 2018. 93(3): p. 603-612. 4. Lesage, S., et al., Loss of 
VPS13C Function in Autosomal-Recessive Parkinsonism Causes Mitochondrial Dysfunction and Increases 
PINK1/Parkin-Dependent Mitophagy. Am J Hum Genet, 2016. 98(3): p. 500-513. 

476 
Wilson disease: a systematic review and meta-analysis in phenotype – genotype correlations 
M. Ruiz-Lopez, A. Abrahao, M.E. Freitas, J. Trinh, S. Fox (Madrid, Spain) 
Objective: To characterize the phenotypic and genotypic spectra in Wilson disease (WD) and to investigate the 
relationships between the neurological and hepatic phenotypes and the multiple disease-causing mutations in the 
ATP7B gene. 
Background: WD is an autosomal recessive disorder due to mutations in the ATP7B gene impairing the copper 
transport. WD is characterized by a spectrum of clinical presentations. We hypothesized that this phenotypic 
variability could potentially be associated with variants grouped by functional of the ATP7B protein 
Methods: We performed a systematic literature review from 1993 to 2018 for publications on phenotype-genotype 
correlations in WD. From 4,664 entries, we extracted individual-patient data (IPD) from 1,417 subjects with 
symptomatic WD from 53 studies. Reported variants for both alleles were ascertained in 1,037 subjects. Variants 
were categorized as related to ATP-binding, copper-binding, transmembrane or unknown domains. Random-effects 
meta-analyses of single proportions and meta-regression were performed 
Results: Neurologic phenotype was reported in 54% (95%CI: 44–63%, n=604) of the population with an estimated 
mean age of onset of 18.7 years (95%CI: 16.2–21.3), while the hepatic phenotype(n=433) started at younger mean 
age (13.9 years, 95%CI: 11.9–15.9). We identified five patients with isolated psychiatric symptoms and 37 with 
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concomitant brain and hepatic symptoms, who were excluded from further analysis. Significant heterogeneity was 
seen across studies. There was no significant difference in the proportion of neurological phenotype across domains; 
however, variants affecting the transmembrane domain tend to have a lower proportion of neurological phenotype 
Conclusions: This study provides a comprehensive and up‐to‐date review of the published peer‐reviewed literature 
on phenotype-genotype correlations in WD. We did not find any significant association in between mutations 
affecting particular functional domains and any specific phenotype 

477 
GBA mutation: Linking Parkinson's and Gaucher's Diseases 
C. Sarabia-Tapia, S. Lopez-Alamillo, N. Monroy-Jaramillo, D. Davila-Ortiz, M. Rodriguez-Violante, A. Cervantes-
Arriaga (Mexico City, Mexico) 
Objective: Identify among patients attending the Movement Disorders Unit at the National Institute of Neurology 
and Neurosurgery, Mexico, if glucocerebrosidase (GBA) mutations were present in those previously diagnosed with 
Parkinson's disease (PD) and assessing if suggestive manifestations of Gaucher's disease (GD) were found. 
Background: PD is the second most frequent neurodegenerative disease after Alzheimer's disease. GD is the most 
common genetic risk factor for PD, often associated with earlier onset and more severe cognitive and non-motor 
symptoms. The link between GD and PD was initially thought as incidental. Around 7–15% of PD patients carry a 
GBA mutation, being the N370S variant the most common one. 
Methods: We analyzed demographic, clinical, family history and genetic data of patients with PD between the years 
of 1985 and 2015. PD was diagnosed based on the patients' MDS-UPDRS results. Age of onset was defined as the 
age at which behavioral, cognitive, psychiatric or motor symptoms suggestive of PD were first described. We looked 
through the patients' medical records to identify suggestive manifestations of GD. 
Results: In seven out of one-hundred-and-seventy-eight patients with PD (3.93%: 4 males and 3 females) the GBA 
mutation and the L444P variant were found. No further information from two of them was available on their medical 
records. The remaining five patients were between 31 and 49 years old at the time of the PD diagnosis. The average 
age of PD onset was 37.8 years old. Onset manifestations showed that all of them had depression as well as tremor, 
mainly affecting the right hemibody (60%). The second most common symptom was insomnia (60%) and anxiety 
was the third (40%). Constipation and hyposmia alone were found in two different patients. None of them had any 
previous family history of PD, although one mentioned having a relative with tremor. Cognitive function was 
reported as impaired in four patients (80%), although physical examination was described as normal in all of them. 
Conclusions: GBA mutations were more often found on male individuals as reported in literature and articles. 
While PD onset typically presents in patients over 65 years old, our findings showed that those with the GBA 
mutation express PD onset symptoms earlier, although younger patients had less onset symptoms compared to those 
who were over 40 years old. Cognitive impairment is usually found prematurely on PD patients who carry a GBA 
mutation. 
References: Nahid T, Loukia P, Bahafta B, et al: Glucocerebrosidase haploinsufficiency in A53T α-synuclein mice 
impacts disease onset and course. Mol Genet Metab. 2017 December; 122(4): 198–208. Anna M, Anthony H: The 
relationship between glucocerebrosidase mutations and Parkinson disease. Journal of Neurochemistry. 2016; 139(1): 
77-90. Cook L, Schulze J: Connecting Gaucher and Parkinson Disease: Considerations for Clinical and Research 
Genetic Counseling Settings. J Genet Counsel. 2017. Smith L, Mullin S, H.V. Schapira A: Insights into the 
structural biology of Gaucher disease. Experimental Neurology. September 2017. Santos D, Tiscornia G: Induced 
Pluripotent Stem Cell Modeling of Gaucher’s Disease: What Have We Learned? International Journal of Molecular 
Sciences. 2017. Collins ML, Williams-Gray CH, Morris E, et al: The motor and cognitive features of Parkinson’s 
disease in patients with concurrent Gaucher disease over 2 years: a case series. Journal of Neurology 2018; 
265:1789–1794. Liu G, Boot B, Locascio JJ, et al: Specifically Neuropathic Gaucher’s Mutations Accelerate 
Cognitive Decline in Parkinson’s. Ann Neurol 2016; 80:674–685. Thaler A, Gurevich T, Shira AB, et al: A “dose” 
effect of mutations in the GBA gene on Parkinson's disease phenotype. Parkinsonism & Related Disorders. March 
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2016; 36: 1–5. Peillet DL, Prendki V, Trombert V, et al: Type I Gaucher disease with bullous pemphigoid and 
Parkinson disease. Medicine. February 2018; 97: 13. 

 

 

478 
A genome-wide genetic pleiotropy approach identified shared loci between multiple system atrophy and 
inflammatory bowel/Crohn’s disease 
A. Shadrin, A. Sreelatha, S. Mucha, C. Blauwendraat, O. Frei, D. Ellinghaus, A. Franke, G. Wenning, A. Singleton, 
T. Gasser, H. Houlden, S. Scholz, O. Andreassen, M. Sharma (Oslo, Norway) 
Objective: The aim of this study to understand and define genetic overlap between multiple system atrophy (MSA) 
and autoimmune diseases such as Crohn’s disease (CD), Inflammatory bowel disease (IBD), Celiac disease (CeD), 
type-1 diabetes (T1D) and multiple sclerosis (MS). 
Background: Emerging evidence highlighted the involvement of immune dysfunction in various neurodegenerative 
diseases including Alzheimer disease (AD), and Parkinson disease (PD). Previously published study using a genetic-
pleiotropy approach showed considerable genetic overlap between PD and autoimmune diseases in particular T1D, 
and CD. 
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Methods: We analyzed GWAS summary statistics for MSA (918 cases, 3864 controls) [1], CD (12194 cases, 34915 
controls) [2], IBD (25042 cases, 34915 controls) [2], T1D (7514 cases, 9045 controls) [3], CeD (4533 cases, 10750 
controls) [4] and MS (9772 cases, 17376 controls) [5] using conjunctional false discovery rate (conjFDR) [6], 
statistical framework to identify loci overlapping between MSA and autoimmune diseases. Conditional Q-Q plots 
were used to assess polygenic overlap between MSA and autoimmune diseases. The phenotype which showed 
significant genetic overlap were further evaluated to define disease relevant tissues and cell types. Functional 
mapping and genetic annotation of identified shared loci were done using FUMA. 
Results: Conditional Q-Q plots suggest a substantial genetic overlap between MSA and CD/IBD (Figure1). We 
identified three linkage disequilibrium-independent loci shared (conjFDR<0.05) between MSA and CD, two of them 
were also shared between MSA and IBD (Table1, Figure2). Leading SNPs for two of these three loci are intergenic 
variants on chromosome 1 at 1q31.3 and chromosome 20 at 20p13, whereas the remaining one is in an intron of C7 
gene at 5p13.1. None of these three loci were previously reported in the context of MSA, while two of them (1q31.3 
and 5p13.1) reached genome-wide significance in the CD and IBD GWAS [2]. Furthermore, we identified a diverse 
range of tissues and cell types, which recapitulates disease pathogenesis. Finally, pathway analysis highlighted the 
involvement of several immune-related molecular processes (Figure3). 
Conclusions: Our study identified a shared genetic component between MSA and IBD/CD, and thus providing 
further evidence regarding the involvement of gut dysfunction in MSA. 
References: 1. Sailer, A., et al., A genome-wide association study in multiple system atrophy. Neurology, 2016. 
87(15): p. 1591-1598. 2. de Lange, K.M., et al., Genome-wide association study implicates immune activation of 
multiple integrin genes in inflammatory bowel disease. Nat Genet, 2017. 49(2): p. 256-261. 3. Barrett, J.C., et al., 
Genome-wide association study and meta-analysis find that over 40 loci affect risk of type 1 diabetes. Nat Genet, 
2009. 41(6): p. 703-7. 4. Dubois, P.C., et al., Multiple common variants for celiac disease influencing immune gene 
expression. Nat Genet, 2010. 42(4): p. 295-302. 5. International Multiple Sclerosis Genetics, C., et al., Genetic risk 
and a primary role for cell-mediated immune mechanisms in multiple sclerosis. Nature, 2011. 476(7359): p. 214-9. 
6. Andreassen, O.A., et al., Improved detection of common variants associated with schizophrenia and bipolar 
disorder using pleiotropy-informed conditional false discovery rate. PLoS Genet, 2013. 9(4): p. e1003455. 
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479 
Sleep Aspects on Video-Polysomnography in P.A53T SNCA Mutation Carriers 
A.M. SIMITSI, C. KOROS, M. STAMELOU, D. PAPADIMITRIOY, A. BOUGEA, I. PACHI, N. PAPAGIANNAKIS, 
R. ANTONELOU, E. ANGELOPOULOU, K. LOURENTZOS, L. STEFANIS, A. BONAKIS (Athens, Greece) 
Objective: To determine whether REM sleep behavior disorder (RBD) and other sleep abnormalities occur in 
carriers of the p.A53T alpha-synuclein gene (SNCA) mutation, the prototypical genetic synucleinopathy. 
Background: RBD is defined as REM sleep without atonia (RWA) plus dream enactment behavior, documented 
either by medical history or by polysomnography (PSG). Sleep disorders and especially RBD may occur in 
association with neurodegenerative diseases, mainly a-synucleinopathies such as Parkinson’s disease (PD). In 
idiopathic PD, RBD may precede the motor manifestations of the disease. 
Methods: We recruited p.A53T mutations carriers – patients and/or their relatives- from our Movement Disorders 
outpatient clinics. DNA was extracted from peripheral blood, and the presence of the p.A53T mutation in the SNCA 
gene was examined. We have accordingly assessed 15 p.A53T carriers (10 manifesting PD and 5 asymptomatic 
carriers) with  simultaneous Video/PSG recording, Epworth Sleepiness Scale in order to assess the daytime 
sleepiness , RBD Screening Questionnaire (RBDSQ) to assess the most prominent clinical features of RBD 
and  Montreal Cognitive Assessment in order to assess the mental state of the subject (MOCA). We also questioned 
them whether they were treated with antidepressants  at the time of the study. 
Results: 9/10 PD carriers had evidence of sleep disorder in PSG : In 4/10 PSG showed RBD (2 were treated with 
antidepressants and only 2 scored > 5 in RBDSQ), in 4/10 PSG showed RWA (only 1 scored >5 in RBDSQ)  and in 
1/10 showed PLM. As far as asymptomatic carriers are concerned, only 1/5 manifested RWA in PSG, but this 
subject was treated with antidepressants at the time of the study. 
Conclusions: RBD or RWA occur in the majority of PD p.A53T carriers, possibly at a higher percentage compared 
to idiopathic PD. Our results contrast with other genetic forms of PD, where RBD features appear to be rare. The 
fact that most of the asymptomatic carriers had no evidence of a sleep disorder may be a sign of different temporal 
evolution of RBD manifestations compared to idiopathic PD, or may reflect that such carriers have not yet reached 
the prodromal phase of the disease. 

480 
Genetic markers revealed in dysregulated pathways in ischemic stroke may lead to Parkinson’s disease 
H. Singh, V. Swarup, A. Srivastava (New Delhi, India) 
Objective: To assess differential expression and gene set enrichment analysis to identify biological pathways 
associated with stroke and Parkinson’s disease (PD). Further, putative drug targets prediction based on gene 
ontology/network biology. 
Background: Parkinson’s disease (PD) is progressive degeneration of basal ganglia and substantia nigra. These 
brain regions are affected due to lack of blood supply called as stroke and also known as Vascular Parkinsonism. So, 
link between stroke and PD may be attributed. 
Methods: The dataset GSE22255, comprises mRNA expression of peripheral blood mononuclear cells of 20 
controls and 20 stroke patients, was used to calculate expression intensity by bioconductor-package “affy” and pair-
wise t-test and bonferrani test was applied for significantly altered genes. The gene list associated with stroke and 
PD was extracted from DisGeNET database. The ontology analysis of significantly altered genes was done using 
String Database. To demonstrate genes sharing common biological function and coordinated regulation by gene set 
enrichment analysis. Lastly putative drug targets to control the gene regulation, Reactome-FI-cytoscape-tool were 
utilized. 
Results: In the ischemic stroke (IS), 117 genes were observed to be deregulated and majorities were found to be 
upregulated (67.5%) with high functional enrichment (68.6%) in disease; however, 32.5% genes were upregulated 
with 31.4% correlation in controls (Figure 1). Further, GSEA results revealed two significant deregulated pathways: 
(i) cell development pathway (NOM p-val=0.813; ES=-0.31; NES=-0.75) with three markers (SLC18A2, SLC12A5, 
RHAG) and (ii) homeostatic process (NOM p-val=0.602; ES=-0.31; NES=-0.89) with five markers (ETV5, 
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PARVA, SLC12A5, RHAG, BMPR1B, ROBO2) (Figure 2). Identified genetic markers were found to be linked 
with PD; Additionally, two genes namely SLC12A5 and RHAGI were found as druggable targets. 
Conclusions: Pathway based expression and GSEA showed cellular homeostasis and cell development pathways are 
affected that can be link between stroke and PD. The vesicular transporters of solute carrier (SLC18A2 and RHGI) 
enhances dopamine release for cellular homeostasis whose deregulation is linked to PD and stroke phenotypes. On 
the basis of FDA-approved cancer drugs and its target interactions data, two genes were screened as putative drug 
targets. However, further analysis is required for clinical developments. 

 

 

481 
Novel p.Pro193Arg missense mutation in ABCD1-gene associated with phenotype of ALD/AMN: a case 
report 
K. Steidel, J. Waldthaler, C. Eggers, D. Pedrosa (Marburg, Germany) 
Objective: To describe a novel mutation p.Pro193Arg of the ABCD1-Gene in a patient presenting with clinical 
phenotype of Adrenomyeloneuropathy (AMN).  
Background: Adrenoleukodystrophy comprises progressive neurologic and endocrinological dysfunction. Several 
clinical phenotypes including AMN have been described so that these rare conditions are referred to as ALD/AMN-
Complex. This complex in general entails X-linked peroxisomal disorders with a rise of very long chain fatty acid 
(VLFCA) which accumulate in all body tissues. AMN in particular develops at ages around 20-40 years and features 
progressive spasticity, polyneuropathy, ataxia, cognitive deficits and psychiatric disorders. Here, we report a 45-year 
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old male presenting with a 13 year history of progressive gait disturbance. Although primary adrenal insufficiency 
as well as elevated VLFCA counts were diagnosed consecutive to episodes of dizziness, diagnosis of ALD/AMN 
was not considered in a first instance. Throughout his adulthood, the patient required repeated admission to 
psychiatric hospitals due to severe depressive episodes and to recurrent substance abuse. When presented to us, he 
showed severe spastic paraparesis with slight spasticity in the upper limbs and moderate dysmetria. Montreal 
Cognitive Assessment indicated no severe cognitive impairment (25/30). Nevertheless, signs of frontal disinhibition 
were traceable and positive palmomental reflex could be elicited. Cerebral and medullar MRI revealed 
leukoencephalopathy with predominant affection of the pyramidal tract and cervical myelopathy. 
Electrophysiological examinations additionally displayed signs of polyneuropathy along with upper neuron 
affection. 
Methods: ABCD1-Gene located on the X-chromosome was sequenced using Next-Generation Sequencing (NGS) 
and Multiplex Ligation-dependent Probe Amplification (MLPA). 
Results: Genetic studies revealed a novel missense mutation c.578C>G in Exon 1 resulting in a prolin to arginin 
substitution on position 193 within the protein level. To the best of our knowledge, this specific mutation has not yet 
been reported in literature or described in common gene databases (X-ALD, HGMD, CLINVAR). 
Conclusions: According to the clinical presentation, the elevated VLFCA levels and with respect to MRI results, 
p.Pro193Arg in ABCD-1 Gene appears as yet undetected and probably pathogenic mutation causing ALD/AMN-
phenotype. 

482 
Neurofascin is a novel gene associated with autosomal recessive spastic and polyneuropathy 
L. Straniero, E. Monfrini, S. Bonato, G. Monzio Compagnoni, A. Bordoni, R. Dilena, R. Silipigni, D. Ronchi, S. 
Duga, A. Di Fonzo (Pieve Emanuele, Milan, Italy) 
Objective: We aim to find the genetic defect causing infantile-onset ataxia and mild demyelinating neuropathy in 
two siblings of an Italian consanguineous family. 
Background: Neurofascin is a neuronal transmembrane protein with an essential role in nervous system 
development and Ranvier’s node function. 
Methods: Family members were genotyped with array-SNP and linkage analysis was performed. Whole-exome 
sequencing (WES) was performed on one sibling. Moreover, we produced induced pluripotent stem cells (iPSCs) 
starting from patients’ fibroblasts that were then differentiated to neurons. Functional studies were performed to 
evaluate neurofascin expression by immunofluorescence and western blot analysis. 
Results: A homozygous missense mutation (p.V1122E) in the NFASC gene, coding for neurofascin, was identified 
in the affected siblings combining linkage analysis and WES. The identified mutation affects a highly conserved 
hydrophobic transmembrane residue; we confirmed in iPSCs-derived neurons of affected siblings that this variant 
leads to significant loss of Neurofascin protein. 
Conclusions: The identification of NFASC as a causative gene for a neurological disorder opens the way for genetic 
research in the developing field of nodopathies, an emerging pathological entity involving Ranvier’s nodes, never 
associated with a genetic disorder so far. 

483 
Genetic polymorphism (rs6971) in translocator protein (TSPO) and its clinical relevance in Parkinson’s 
disease 
P. Surathi, M. Matarazzo, A. Sethi, J. McKenzie, N. Neilson, R. Ross, M. Schulzer, M. Farrer, S. Booromand, J. 
Stoessl (Vancouver, BC, Canada) 
Objective: The objective of this study will be to identify specific clinical patterns in Parkinson’s disease patients 
with respect to TSPO genetic polymorphism (rs69711). 
Background: The translocator protein (TSPO) is a mitochondrial protein located in the outer mitochondrial 
membrane. TSPO has been used as a target for in vivo neuroimaging with PET ligands to study inflammation in 
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Parkinson's disease and other conditions. The rs6971 polymorphism in translocator protein affects the affinity of 
TSPO ligands and may have an impact on binding in PET studies, but the clinical significance is unknown. 
Colasanti et al found that a nominal association between TSPO polymorphism and the diagnosis of bipolar disorder. 
Pouget et al evaluated the effect of TSPO polymorphism on interindividual variability in anti-psychotics efficacy in 
schizophrenia. We hypothesized that this polymorphism may influence the clinical presentation of Parkinson’s 
disease patients as well. 
Methods: The participants were patients with Parkinson’s disease seen and diagnosed at the DMCBH (UBC 
Hospital-Pacific Parkinson’s Research Center). We included patients >18 years of age who were evaluated by one of 
our movement disorders specialists at least once. We excluded patients who did not have complete records of their 
visits in our database. Clinical data were obtained from the clinic database. 
Results: We evaluated a total of 150 patients. They were classified as LAB, MAB and HAB (low, medium and high 
affinity binders) according to TSPO polymorphism (Table-1). There were no significant differences in baseline 
characteristics including age, age at onset, disease duration, gender and LEDD (Levodopa Equivalent Daily Dose), 
although the proportion of men in the HAB group was slightly lower (p=0.06). In HAB group, the onset of 
dyskinesias prior to 5 years was more likely compared to the other 2 groups (P=0.04), although the presence of 
dyskinesias in all 3 groups was similar. RLS was more common in the LAB group (p=0.07), but motor fluctuations, 
cognitive impairment, depression, postural instability and RBD were similar between groups. 
Conclusions: Genetic polymorphism (rs6971) in translocator protein (TSPO) may be associated with early onset 
dyskinesias. This is a pilot study with preliminary results and will require further studies in a larger sample. 
References: 1. Braestrup C, Albrechtsen R, Squires RF. High densities of benzodiazepine receptors in human 
cortical areas. Nature [Internet]. 1977;269(5630):702–4. 2. Gerhard A. TSPO imaging in parkinsonian disorders. 
Clin Transl Imaging. 2016;4(3):183–90. 3. Colasanti A, Owen DR, Grozeva D, Rabiner EA, Matthews PM, 
Craddock N, et al. Bipolar disorder is associated with the rs6971 polymorphism in the gene encoding 18kDa 
translocator protein (TSPO). Psychoneuroendocrinology [Internet]. 2013;38(11):2826–9. Available from: 
http://dx.doi.org/10.1016/j.psyneuen.2013.07.007 4. Pouget JG, Gonçalves VF, Nurmi EL, P Laughlin C, Mallya 
KS, McCracken JT, Aman MG, McDougle CJ, Scahill L, Misener VL TA. Investigation of TSPO variants in 
schizophrenia and antipsychotic treatment outcomes. Pharmacogenomics. 2015;16(1):5–22. 

This article is protected by copyright. All rights reserved.



 

484 
Assessing the response to Levodopa/carbidopa intestinal gel infusion based on genetic status 
A. Thaler, V. Livneh, A. Hillel, H. Strauss, G. Yahalom, H. Shabtai, A. Migirov Senderovich, S. Israeli-Korn, T. Fay-
Carmon, N. Giladi, S. Hassin Baer, T. Gurevich (Tel-Aviv, Israel) 
Objective: The aim of this study was to characterize patients with Parkinson's disease (PD) on Levodopa/carbidopa 
intestinal gel infusion (LCIG) treatment based on their genetic status, studying differences in inclusion 
characteristics and outcome. 
Background: LCIG is a method for providing continuous dopaminergic stimulation for patients with advanced PD. 
Ashkenazi Jews (AJ) may constitute a unique population for implementing a personalized medicine approach of 
intervention since more than one third have mutations in either the GBA or the LRRK2 (G2019S) genes. 
Methods: Data from 69 AJ PD patients with known GBA and LRRK2 genetic status, who underwent LCIG 
treatment in 2 movement disorder services in Israel (Tel-Aviv Medical Center and Chaim Sheba Medical Center) 
since 2009, was included in the study. All patients were assessed after titration and stabilization of LCIG treatment. 
Demographic (age, gender) and clinical data regarding treatment with LCIG (disease duration, list of medications, 
presence of hallucinations, dyskinesia and dementia) as well as cognitive and motor assessments based on the 
Montreal Cognitive assessment (MoCA), the Unified Parkinson's Disease Rating Scale (UPDRS) and the Hoehn and 
Yahr staging scale respectively, were collected from medical records. Levodopa equivalent dosage (LEDD) was 
calculated as customary. Three groups of PD patient based on genetic status were compared while correcting for 
disease duration, LEDD and gender. 
Results: Sixteen LRRK2-PD, 11 GBA-PD and 42 idiopathic PD patients were included in this study. Groups did 
not differ in age of onset, disease duration, gender, time to initiating LCIG treatment, total LEDD, MoCA scores, 
and frequencies of dyskinesia or hallucinations. While total UPDRS scores did not differ between groups, motor 
UPDRS scores were significantly higher among GBA-PD compared to the two other groups of participant (Table 1). 
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Conclusions: Our findings may support the current concept of a more severe PD phenotype among carriers of GBA 
mutations. Although not reaching statistical significance, we postulate that GBA-PD were treated on lower doses of 
PD related medications due to the higher rates of hallucinations and lower cognitive scores. 

 

485 
Heterozygous DCC mutations, more than congenital mirror movements 
S. Thams, M. Islam, M. Lindefeldt, A. Nordgren, T. Granberg, D. Nilsson, M. Paucar (Stockholm, Sweden) 
Objective: To perform a comprehensive characterization of 5 patients with variable degree of congenital mirror 
movements. 
Background: Congenital mirror movements (CMM) are rare non-progressive syndromes with an estimated 
prevalence of 1 per 1 000 000 individuals; in most cases an underlying heterozygous mutation in the deleted in colon 
cancer (DCC) gene is found. DCC encodes netrin 1 receptor involved in guidance of commissural axons during 
embryogenesis. Some heterozygous DCC mutations are also associated with agenesis of the corpus callosum (ACC) 
while biallelic mutations cause a more severe condition called developmental split-brain syndrome (DSBS). 
Methods: Clinical exams using the Woods and Teubers scale, transcranial magnetic stimulation, neuroimaging and 
mass sequencing. 
Results: One family (father and daughter) and 3 apparent sporadic cases were examined, with variable degree of 
mirror movements and describe the novel heterozygous frameshift mutations c.1729delG and c.1466_1476del in 
DCC. In addition, the c.1466_1476del mutation was associated with a syndrome that include expressive aphasia, 
seizures and athetosis expanding the spectrum of DCC mutations. This syndrome was responsive to antiepileptic 
treatment and was associated with ACC also. Despite using WGS we did not identify the underlying mutation in two 
other cases reflecting genotypic heterogeneity. 
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Conclusions: Only once have DCC mutations been associated with transient seizures, however athetosis is a new 
feature. Prognosis for patients with ACC seems to be better than those without mutations in this gene. Work like 
ours will contribute to establish genotype-phenotype correlations. 
 

486 
Clinicopathologic Characterization and Abnormal Autophagy of HDLS 
W. Tian, L. Cao, S. Chen (Shanghai, China) 
Objective: We aimed to investigate clinical and pathological characteristics in hereditary diffuse 
leukoencephalopathy with spheroids (HDLS) patients and explore the potential impact of colony-stimulating factor 
1 receptor gene (CSF1R) mutations. 
Background: HDLS is a rare white-matter encephalopathy characterized by motor and neuropsychiatric symptoms 
due to CSF1R mutation. The pathogenesis still remains unknown. 
Methods: In order to investigate clinical and pathological characteristics in HDLS patients and explore the potential 
impact of CSF1R mutations, we analyzed clinical manifestations of 15 patients from 10 unrelated families and 
performed brain biopsy in 2 cases. Next generation sequencing was conducted for 10 probands to confirm the 
diagnosis. Sanger sequencing and segregation analysis were utilized to substantiate findings. Functional examination 
of identified mutations was further explored. 
Results: Clinical and neuroimaging characteristics were summarized. The average age at onset was 35.9±6.4 years 
(range 24-46 years old). Younger age of onset was observed in female than male (34.2 vs. 39.2 years). The most 
common initial symptoms were speech dysfunction, cognitive decline and parkinsonism symptoms. One patient also 
had marked peripheral neuropathy. Brain biopsy of two cases showed typical pathological changes, including 
myelin loss, axonal spheroids, phosphorylated neurofilament and activated macrophages. Electron microscopy 
disclosed increased mitochondria and disorganized neurofilaments in ballooned axons. A total of 7 pathogenic 
variants (4 novel, 3 documented) were identified, which were further testified by functional study, showing 
autophosphorylation deficiency in all the mutants. The level of microtubule associated protein 1 light chain 3-II 
(LC3-II), a classical marker of autophagy, was significantly lower in mutants expressed cells than wild type group 
by western blotting and immunofluorescence staining. 
Conclusions: This study suggests that polyneuropathy may be a part of CSF1R deficiency which deserves further 
study with longer follow-up and more patients enrolled. Our findings also support the haploinsufficiency hypothesis 
in pathogenesis and partial loss-of-autophosphorylation of CSF1R can lead to a relatively mild phenotype. 
Autophagy abnormality may play a role in the disease. Repairing or promoting the phosphorylation level of mutant 
CSF1R may shed light on therapeutic targets in the future. 
References: 1. Axelsson R, Röyttä M, Sourander P, Akesson HO, Andersen O. Hereditary diffuse 
leucoencephalopathy with spheroids. Acta Psychiatr Scand Suppl 1984; 314:1-65. 2. Rademakers R, Baker M, 
Nicholson AM, et al. Mutations in the colony stimulating factor 1 receptor (CSF1R) gene cause hereditary diffuse 
leukoencephalopathy with spheroids. Nat Genet 2011;44(2):200-205. 3. Roytta, M. The First Neuropathological 
Studies on HDLS. J Neuropathol Exp Neurol 2015;74(6):587. 4. Marotti JD, Tobias S, Fratkin JD, Powers JM, 
Rhodes CH. Adult onset leukodystrophy with neuroaxonal spheroids and pigmented glia: report of a family, 
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pigmented glia: clinical and neuropathological characteristics. Acta Neuropathol 2006;111(1):39-45. 6. Sundal C, 
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disease entity. J Neurol Sci 2012; 314(1-2):130-137. 7. Konno T, Broderick DF, Mezaki N, et al. Diagnostic Value 
of Brain Calcifications in Adult-Onset Leukoencephalopathy with Axonal Spheroids and Pigmented Glia. AJNR 
Am J Neuroradiol 2017;38(1):77-83. 8. Kleinfeld K, Mobley B, Hedera P, Wegner A, Sriram S, Pawate S. Adult-
onset leukoencephalopathy with neuroaxonal spheroids and pigmented glia: report of five cases and a new mutation. 
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487 
Serum MIR-96-5P and MIR-339-5P as a Potential Biomarker for Multiple System Atrophy and Parkinson's 
Disease 
A. Vallelunga, T. Iannitti, S. Capece, G. Somma, G. Dati, P. Barone, W. Meissner, M. Pellecchia (Salerno, Italy) 
Objective: The aim of our study was to to determine if serum mir-96-5p and mir-339-5p can be used as biomarkers 
for early diagnosis of Parkinson’s disease (PD) and/or Multiple System Atrophy (MSA). Moreover, we assessed 
relationships between miR-96-5p and miR-339-5p dysregulation and clinical features in both diseases. 
Background: Despite growing research efforts, no reliable biomarker currently exists for the early diagnosis and 
prognosis of PD and MSA. MicroRNAs (miRNAs) are a class of small non-coding RNAs that regulate gene 
expression inducing translational repression or mRNA degradation of specific gene target. They can also be released 
from the cells and enter into circulatory biofluids such as blood, serum, plasma, saliva, and urine.Several 
studies  have identified many miRNAs specifically deregulated in PD and MSA  patients. Moreover, different 
groups, including ours, have found that several circulating miRNAs are differently expressed in the serum samples 
of MSA subjects compared to PD patients and healthy controls (HC). 
Methods: In our study, we enrolled 65 patients affected by PD, 70 patients with MSA (65±7 years) and 60 healthy 
controls (HC) (64,66±12 years). Using miRcury LNA assay, we analyzed serum mir-96-5p and miR-339-5p in MSA 
and PD samples compared with HC. 
Results: We observed that miR-96-5p-5p was significantly up-regulated in MSA and PD as compared with HC. 
MiR-339-5p was was significantly up-regulated in MSA compared with HC and also downregulated in PD 
compared with PD. Our results suggest that serum mir-339-5p can discriminate PD from MSA patients from HC and 
deserves to be further assessed as a specific, non-invasive biomarker for differential diagnosis of parkinsonisms. 
Conclusions: Prospective studies on larger cohorts are warranted to confirm whether miR96-5p and miR-339-5p 
can be useful for the early diagnosis of parkinsonisms. 
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489 
Identification of genetic alterations and SNCA mutation in Parkinson’s disease patients of Coimbatore 
Population, India 
D. VENKATESAN, B. Vellingiri (Coimbatore, India) 
Objective: The aim of the study is to analyze the genetic alterations in SNCA gene and dopamine transporter in 22 
PD patients of Coimbatore population. 
Background: Parkinson’s disease (PD) is a progressive motor system disorder, which affects the substantia nigral 
area that controls balance and movement. Studies have shown that the protein α-synuclein (SNCA), a common 
biomarker regulates the neurotransmitter release and supply of dopaminergic neurons inside the brain. 
Methods: PD subjects were interviewed using a standard questionnaire and informed consent has been obtained 
from the patients. Molecular analysis was carried out by PCR and sequencing in both control and PD patients. Even 
dopamine transporter – single-photon emission computed tomography (DAT-SPECT) imaging was performed in PD 
patients with equal control subjects. The significance rate has been measured through statistical mean. 
Results: In the results we observed a point mutation in the SNCA gene also with striatal binding defect in SPECT 
imaging. 
Conclusions: From the results, the study elucidates the correlation between SNCA and dopaminergic binding rate in 
PD. In conclusion, the correlation is generally observed during the early onset of PD. 

490 
WES analysis of Parkinson’s disease patients with Cancer 
G. Wang, Y. Gao, X. Xie (Shanghai, China) 
Objective:  
To provide evidences for the overlapping mechanistic basis between Parkinson's disease (PD) and cancer(CA), we 
explored the common genomic mechanisms between the two disease. 
Background: It had been noted that the cancer (CA) risk was much lower in patients with Parkinson's disease (PD), 
and was supported by series of epidemiological studies. However, on the other hand, there was positive correlation 
between PD and some types of cancer including melanoma, non-melanoma and breast cancer according to results 
from many literatures. 
Methods:  
In this study, we performed whole-exome sequencing (WES) analysis of 17 PD patients who also suffer from CA 
and 16 PD patients without CA in order to explore the possible genes of these two diseases. Candidate genes were 
conducted using gene ontology enrichment analysis to identify relevant molecular processes. 
Results: 1147 SNPs mutated in at least two PD&CA patients but not in PD patients without CA, were found. Then, 
they were classified as pathogenic or likely pathogenic according to ACMG and were annotated to 26 genes. There 
are 54 SNPs in 16 genes that shared by at least 4 PD&CA patients. 8 SNPs could be found in Catalogue of Somatic 
Mutation In Cancer (COSMIC). It is noted that three patients of PD&CA cohort had LRRK2 variants, p.A419V, 
p.P755L and p.R2143C. 
Conclusions: The study revealed candidate gene profiles in PD&CA patients compared to PD patients without CA. 
To our knowledge, this is the first study that examines the common genes between PD and CA using WES. 
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491 
High rate of mutations in complex dystonia revealed by exome sequencing 
T. Wirth, C. Tranchant, N. Drouot, B. Keren, L. Cif, C. Mignot, R. Lefaucheur, L. Lion-François, A. Méneret, D. 
Gras, E. Flamand-Roze, C. Laroche, P. Burbaud, S. Bannier, O. Boukbiza, M.A. Spitz, V. Laugel, M. Bereau, D. 
Doummar, g. Rudolf, M. Anheim, J. Chelly (Strasbourg, France) 
Objective: This study aimed at identifying the missing genetic causes in dystonia without diagnosis following 
movement disorders gene panel sequencing. 
Background: Dystonia aetiologies are highly diverse and regroup both acquired and genetic causes. Many genes 
have been associated with this condition, so achieving a molecular diagnosis remains often challenging. By 
assessing a 127 movement disorders genes panel including 69 genes responsible for dystonia on a cohort of patients 
with early-onset or family movement disorders, we previously showed that diagnostic rate of success was 
significantly lower in patients showing dystonia as prominent symptom [1]. Since Whole Exome Sequencing (WES) 
has shown to improve the diagnostic rate afteer gene panel analysis in several mendelian disorders, we aimed to 
apply this strategy on dystonic patients. 
Methods: We included patients experiencing early-onset or family dystonia witout clinical or paraclinical findings 
suggestive of an acquired cause of dystonia and without genetic diagnosis following a 127 movement disorders 
genes panel analysis. Availability of DNA samples from the patient and the two parents in sporadic and family cases 
consistent with de novo event or autosomal recessive inheritance, or from at least two related patients coming from 
two different generations in familial cases consistent with autosomal dominant inheritance was required. Dystonia 
was characterized by a movement disorder specialist according to age of onset, body distribution, temporal pattern 
and associated symptoms. 
Results: WES was performed on 32 patients from 24 families with early onset and/or family dystonia of unknown 
aetiology despite gene panel analysis. We identified causative variants for 13 patients from 10 different families in 
CTNNB1, SUCLG1, NUS1, CNTNAP1, KCNB1, RELN, GNAO1, HIBCH, ADCK3 genes, yielding a diagnostic 
rate of 40.6%. Diagnostic yield was significantly higher in patients showing complex phenotypes characterized by 
the association of dystonia with other neurological signs (62.5% vs 18.5%; p=0.029) including intellectual disability 
(87.50% vs 25%; p<0.01). We also identified two heterozygous missense mutations in GNA01 in two families 
showing autosomal dominant inherited dystonia, while only de novo mutations have been reported until now. 
Conclusions: Exome sequencing provides high diagnostic yield in complex dystonia patients and means to improve 
movement disorders gene panel efficiency. 
References: [1] Montaut S, Tranchant C, Drouot N, Rudolf G, Guissart C, Tarabeux J, et al. Assessment of a 
Targeted Gene Panel for Identification of Genes Associated With Movement Disorders. JAMA Neurol. 2018 Jun 18; 

492 
A family of Phospholipase A2-associated neurodegeneration presented as complicated hereditary spastic 
paraplegia 
M.C. Wu, M.Y. Lan, J.W. Li, Y.F. Chen, Y.Y. Chang (Kaohsiung, Taiwan) 
Objective: To present reported two siblings of PLAN representing complicated HSP. 
Background: Neurodegeneration with brain iron accumulation (NBIA) is a group of diseases characterized by 
movement disorder and abnormal iron accumulation, particularly in the basal ganglia. PLA2G6-associated 
neurodegeneration (PLAN) is a subgroup of NBIA caused by PLA2G6mutations with autosomal recessive inherent. 
Clinically, there are 3 phenotypes were recognized including infantile neuroaxonal dystrophy (INAD), atypical 
neuroaxonal dystrophy (aNAD), and PLA2G6-related dystonia-parkinsonism.Hereditary spastic paraplegia (HSP) is 
another group of heterogeneous neurodegenerative disorders that is associated with progressive lower limb 
weakness and spasticity. “Complicated” HSP is associated with additional neurological abnormalities, such as 
cerebellar dysfunction, cognitive impairment, extrapyramidal symptoms, peripheral nerve or myopathy. 
Methods: A 39-year-old woman presented with chronic gait disorder since her age of 13. Besides, she also had 
urinary urgency with incontinence, and psychiatric disorder. Her younger brother had similar gait problem since 
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early childhood and was diagnosed with spastic paraplegia. There were no other affected family members nor 
parental consanguinity and autosomal recessive (AR) HSP was diagnosed initially. However, she had newly onset 
slow movement, limbs and trunk stiffness and clumsiness and abnormal dystonic posture at about 36 years of 
age.The neurologic examination of this lady revealed masked face, bradykinesia, limb dystonia, spastic gait and 
generalized hyperreflexia except for hyporeflexic ankle jerks. Vibration and position sensation were also impaired 
over distal lower limbs. 
Results: MRI of brain showed prominent cerebellar atrophy, vertical-oriented splenium of corpus callosum, shallow 
optic chiasma, but no iron accumulation. The 99m-Tc TRODAT-1 SPECT imaging revealed decreased tracer uptake 
in the bilateral striatum. The genetic study confirmed compound heterozygous missense mutation c.991G>T, 
p.Asp331Tyr and cryptic splice site mutation in intron 9/ exon 10 ofPLA2G6gene. 
Conclusions: Our case study demonstrates a wide phenotypic spectrum and intra-familial variability of PLAN. A 
new phenotype of complicated HSP has been proposed recently. Screening of PLA2G6mutation in HSP patients 
with brain iron accumulation or other characteristic findings on MRI is therefore suggested. 

493 
Longitudinal CSF-profile and brain pathology mirrors clinical course of LRRK2-Related Parkinson’s 
Disease 
I. Wurster, S. Lerche, I. Lachmann, M. Neumann, T. Gasser, K. Brockmann (Tübingen, Germany) 
Objective: Do clinical cognitive profiles and CSF characterisitcs of Abeta1_42, total-tau, phospho-tau and alpha-
synuclein during lifetime correspond to histopathological findings post-mortem in LRKK2-associated Parkinson’s 
disease (PD). 
Background: Clinical features of PD patients with LRRK2 mutations (PDLRRK2) resemble those of idiopathic PD 
(PDidiopathic) with disease progression similar if not somewhat more benign, especially in terms of cognitive 
decline. Histopathology in PDLRRK2 is variable, including typical Lewy-body pathology with alpha-synuclein 
aggregation as observed in PDidiopathic but also tau aggregation or nigral degeneration without distinctive 
histopathology. Among PDLRRK2 the main pathogenic mutation p.G2019S is primarily associated with Lewy body 
pathology. 
Methods: Case report of a 64 years old female PD patient carrying the p.G2019S LRRK2-mutation. The patient was 
regularly assessed over 8 years including Unified Parkinson's disease Rating Scale part III (UPDRS III), Hoehn and 
Yahr Scale, Mini Mental Status Examination (MMSE) and Montreal Cognitive Assessment (MoCA). Moreover, 
repeated CSF-collection (4 timepoints) with measurement of Amyloid-beta1_42, total-Tau, phosphorylated-Tau and 
total αlpha-synuclein CSF levels was done. After death (21 years of disease duration) brain autopsy with 
histopathological evaluation was done. 
Results: The overall clinical disease course was typical for PDLRRK2 with primarily motor involvement and sparse 
non-motor manifestation. Of note, cognitive function measured by MMSE and MoCa was preserved and the patient 
was independent at home until death. CSFprofiles showed normal levels of αlpha-synuclein and of Amyloid-
beta1_42 along with slightly elevated levels of total-Tau and phosphorylated-Tau (table 1). Correspondingly, brain 
autopsy and histopathology showed pronounced Lewy body pathology in substantia nigra pars compacta, locus 
coeruleus and dorsal ncl. Vagus whereas cortical regions were mostly spared: frontal (Score 0), temporal (Score 1), 
parietal (Score 0). No senile Amyloid plaques or accumulation in vessel walls were observed. Phospho-tau-
aggregation was sparse and only seen in the entorhinal and transentorhinal cortex. 
Conclusions: Longitudinally assessed clinical and CSF biomarker profiles of PD patients might be indicative for 
histopathological pattern. This might help to stratify PD patients according to their primary underlying pathogenesis. 
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494 
Intronic pentanucleotide TTTCA repeat insertions do not cause familial and sporadic cortical myoclonic 
tremor with epilepsy in the UK 
W.Y. Yau, H. Houlden (London, United Kingdom) 
Objective: To ascertain whether intronic TTTCA repeat insertions in the SAMD12, TNRC6Aand RAPGEF2 genes 
cause benign adult familial myoclonic epilepsy (BAFME) and progressive myoclonic epilepsy in the UK. 
Background: The core clinical features of BAFME include cortical myoclonus and seizure. However, this 
hereditary syndrome has heterogeneous genetic loci. Recently, Ishiuraet al. identified expansions of intronic TTTCA 
and TTTTA repeats in the SAMD12,TNRC6Aand RAPGEF2 genes in 51 Japanese families with BAFME. It is not 
known if the same pentanucleotide repeats are responsible for BAFME in the European population. 
Methods: We performed Sanger sequencing to exclude the known mutations in ACMSD c.77G>A, ADRA2B indel, 
c.675_686delTGGTGGGG, CTNND2 p.Glu1044Lys, CNTN2 c.503_503delG, SCN8A p.Pro1719Arg in the 14 
probands with BAFME . Using repeat-primed PCR (RP-PCR), we screened for the TTTCA and TTTTA repeats in 
the BAFME (n=14) and progressive myoclonic epilepsy (n=214) cohorts. Probands with BAFME have deep 
phenotypic data from standardized clinical assessments, neuroimaging and electrophysiological investigations. 
Results: In a UK population, we did not find TTTCA repeat in subjects with BAFME or progressive myoclonic 
epilepsy. 
Conclusions: Our negative search for the pentanucleotide expansions supports the hypothesis of a founder effect in 
BAFME with TTTCA repeat insertion. Families from Japan and China with BAFME are mapped to chromosome 
8q24; however, families of European origins have different genetic loci (2q11.2; 5p15.31-p15.1; 3q26.32-q28 and 
1q32.1). Thereby, the same repeat insertion in different genes may still be responsible for BAFME in the UK. In 
future, long read whole-genome sequencing of our BAFME patients with bioinformatics software focusing on 
tandem repeat copy number changes may help resolve this proposition. 
References: ISHIURA, H., DOI, K., MITSUI, J., et al. 2018. Expansions of intronic TTTCA and TTTTA repeats in 
benign adult familial myoclonic epilepsy. Nat Genet, 50, 581-590. 
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495 
Determining Outcome of Deep Brain Stimulation Surgery in Parkinson’s Disease Patients 
E. Yoon, S. Ahmed, S. Bandres-Ciga, S. Scholz, C. Lungu, D. Hernandez, A. Singleton, D. Ehrlich (Bethesda, MD, 
USA) 
Objective: To assess the role of monogenic forms of PD and polygenic risk scores (PRS) on the motor and 
cognitive outcome of deep brain stimulation (DBS) surgery in Parkinson’s disease patients. 
Background: Several studies have reported on genetic background and outcome of DBS in PD patients. PRS has 
been shown to predict both risk and progression of PD.  Apolipoprotein E e4 (APOE e4) allele carrier status, a well-
known risk factor for Alzheimer’s disease, has also been associated with increased risk of cognitive decline in 
Parkinson’s disease. This study aims to assess the role of both monogenic forms of PD and genetic risk factors on 
DBS outcome. 
Methods: Forty-nine PD patients who had undergone DBS at the NIH were genotyped on Illumina’s Neurochip or 
NeuroX custom-designed genotyping array. After quality control (call rates <95%, sex mismatches, heterozygous 
outliers), patients were screened for GBA, LRRK2, PRKN, APOE, and MAPT mutations. In addition, genetic risk 
scores were calculated for patients with whole genome sequencing using the ninety genetic risk loci identified in the 
latest PD meta-GWAS[1]. Multivariate linear regression was performed on the differences in pre- and 3-months and 
24-months post-operative motor (UPDRS) and cognitive scores (Mattis Dementia Rating Scale-2, Beck Depression 
Inventory, Verbal Fluency) and genetic status, while controlling for sex, age at surgery, disease duration, DBS 
target, and ethnicity. 
Results: Baseline cognitive and motor measures were not significantly different between the GBA, LRRK2, 
PARK2, MAPT H2, and APOE e4 carrier and non-carrier groups. After controlling for sex, age at surgery, disease 
duration, and ethnicity, GBA carriers had significantly worse cognitive outcome than non-carriers (p<0.05), and the 
change in phonemic fluency score was negatively associated with APOE e4-carrier status (p<0.05). PRS was not 
significantly associated with DBS outcome. 
Conclusions: This study suggests that specific genotypic variants such as GBA mutations and APOE e4 rather than 
a polygenic risk score based on common risk variants serve as stronger predictors of DBS cognitive outcome. 
References: [1] Nalls, Mike A, et al. “Expanding Parkinson's Disease Genetics: Novel Risk Loci, Genomic Context, 
Causal Insights and Heritable Risk.” BioRxiv, Cold Spring Harbor Laboratory, 1 Jan. 2019, 
www.biorxiv.org/content/10.1101/388165v2. 

496 
SLC6A4 repeat and single-nucleotide polymorphisms are associated with depression and rest tremor in 
Parkinson’s disease 
X. Zhang, M. Zou, R. Liu, J. Wang, Q. Fan (Wenzhou, China) 
Objective: The objective of the current study was to determine whether the SLC6A4 polymorphisms were 
associated with key motor and non-motor symptoms of PD. 
Background: Level of serotonin is mainly regulated by the serotonin reuptake transporter encoded by SLC6A4. The 
promoter region of SLC6A4 bears a repeat polymorphism 5-HTTLPR and a single nucleotide polymorphism 
rs25531. We have previously studied the association between these two variants and sporadic PD. The objective of 
the current study was to determine whether the SLC6A4 polymorphisms were associated with key motor and non-
motor symptoms of PD. 
Methods: A total of 370 PD patients of Han Chinese were included. Associations between the SLC6A4 
polymorphisms and PD symptoms including depression, intellectual impairment, tremor and rigidity were analyzed. 
Results: 5-HTTLPR was associated with depression in PD patients and presence of the LL genotype was protective 
against the depression risk. The rs25531 was associated with rest tremor in PD and the A allele serves as a recessive 
risk allele. No associations were found in the two polymorphisms with respect to intellectual impairment and rigidity 
in the cohort. 
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Conclusions: The current study reveals two PD symptoms associated with SLC6A4 polymorphisms, and provides 
new insight into how serotonergic system genetically participates in the symptomatic progression of PD. 

497 
The longevity gene Klotho and its CSF protein profiles as modifier for Parkinson´s disease in a longitudinal 
study 
M. Zimmermann, S. Lerche, C. Schulte, I. Wurster, G. Machetanz, C. Deuschle, A. Hauser, T. Gasser, D. Berg, E. 
Schleicher, W. Maetzler, K. Brockmann (Tuebingen, Germany) 
Objective: Our objective was to evaluate phenotype modifying effects of variants in longevity genes in PD. 
Background: Parkinson´s disease (PD) has a large phenotypic variability, which may, at least partly, be genetically 
driven including alterations of gene products. Candidates might not only be proteins associated with disease risk but 
also pathways that play a role in aging. 
Methods: We analysed two cohorts, one comprising 524 PD patients who underwent genotyping for the “KL-VS”-
variant in Klotho and a second cohort comprising 125 PD patients and 50 control patients (CON) who underwent 
biochemical CSF analyses of Klotho and the FGF23 protein as well as Vitamin-D-metabolites. 
Results: Female PD patients carrying the “KL-VS”-variant demonstrated a shorter interval between PD onset and 
onset of cognitive impairment. CSF protein levels of Klotho and FGF23 were lower in PD patients irrespective of 
gender compared to CON. Moreover, low CSF levels of Klotho were associated with higher scores in UPDRS III 
and HY. 
Conclusions: Our results indicate that genetic variants in Klotho along with its corresponding CSF protein profiles 
are associated with aspects of disease severity in PD. These findings suggest that pathways associated with aging are 
promising targets for future biomarker research in PD. 

Rare Genetic and Metabolic Diseases 

498 
The Sequelae of Kernicterus 
Z. Aldaajani, E. Ali (Dhahran, Saudi Arabia) 
Objective: To highlight the long- term sequelae of Kernicterus 
Background: Kernicterus refers to the clinical features of chronic bilirubin encephalopathy which if not treated can 
lead to an extrapyramidal movement disorder, sensorineural hearing loss, and dental enamel dysplasia. 
Methods: We report a patient with a movement disorder secondary to kernicterus. 
Results: 11 years old boy referred from Pediatric clinic to the Movement Disorders clinic for dystonia. 
The patient’s first presentation to the hospital was at the age of 4.5 yrs with developmental delay, inability to stand 
or walk, patient’s mother raised concerns about her son’s hearing impairment, as well as abnormal limb and head 
movements. 
The patient was born preterm in a rural hospital; a product of normal spontaneous vaginal delivery, birth weight of 
1.8 kg. On day 5, he was admitted with neonatal jaundice needing exchange transfusions twice. 
When he was seen at the MD clinic, physical examination revealed limitation in upward gaze, head and neck 
dystonic posturing, he was mute, and had a hearing aid, he was unable to comprehend or follow commands. Optic 
discs were normal, tone was increased in all four limbs with hyper-reflexia and foot dystonia. 
Investigations revealed normal metabolic screen including very long chain fatty acids as well as other newborn 
screening tests. 
MRI brain showed bilateral high signal intensity in the peri-rolandic region on FLAIR sequence. An EEG showed 
intermittent bursts of generalized high voltage slow waves and poly-spike complex. 
The patient showed some response to Baclofen and Levodopa. 
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Conclusions: Perinatal hyperbilirubinemia needs to be treated aggressively, to prevent the chronic development of 
kernicterus and its devastating movement disorders sequelae. Kernicterus has become rare nowadays due to 
advanced neonatal care, however, some cases are still seen in less privileged areas of the world. 

499 
Characterization of cerebrospinal fluid profile in hereditary spastic paraparesis 10 
M. Andréasson, K. Lagerstedt-Robinson, K. Samuelsson, G. Solders, K. Blennow, M. Paucar, P. Svenningsson 
(Stockholm, Sweden) 
Objective: Perform a comprehensive clinical characterization and biochemical cerebrospinal fluid (CSF) profile 
analyses in two Swedish families with hereditary spastic paraparesis 10 (SPG10) caused by two different mutations 
in the kinesin heavy chain gene (KIF5A). 
Background: Hereditary spastic paraparesis (HSP) comprises a large group of chronic progressive 
neurodegenerative diseases with varying pattern of inheritance and disease severity, but all sharing an affection of 
corticospinal tracts. Heterozygous mutations in KIF5A are associated with autosomal dominant HSP 10 (SPG10) 
[1]. KIF5A encodes one of two heavy chain subunits that are necessary for the formation of a tetrameric kinesin-1 
protein, thought to be crucial for molecular axonal transport by binding to microtubule as shown in vitro [2]. 
Mutations in KIF5A are thus believed causative of an axonopathy involving the central and peripheral nervous 
system [1, 3]. 
Methods: Structured clinical assessment, genetic studies, neuroradiological and electrophysiological evaluations 
were performed in four patients from two families with SPG10 (Figure 1). CSF analysis was conducted in three 
patients with regard to levels of neurodegenerative markers and monoamine metabolism. 
[figure1] 
Results: All patients exhibited a complex form of HSP with mild to moderate concurrent axonal polyneuropathy. 
The heterozygous KIF5A mutations c.767A>G and c.967C>T were found. Clinical data shown in Table 1. 
[table1] 
CSF analysis demonstrated a mild elevation of neurofilament light (NFL) chain in the patient with longest disease 
duration. All patients exhibited increased levels of the dopamine metabolite, homovanillic acid, whereas decreased 
levels of the noradrenergic metabolite, 3-methoxy-4-hydroxyphenylglycol, were found in two of three patients. CSF 
data shown in Table 2. 
[table2] 
Conclusions: This is the first time CSF abnormalities are reported in SPG10. Biochemically, NFL elevation is not a 
mandatory CSF finding in SPG10 but may appear after longstanding disease. Impaired transportation of synaptic 
proteins may be a possible explanation for the increased dopaminergic turn-over and noradrenergic deficiency 
identified. The reasons for these selective abnormalities, unrelated to obvious clinical features, remain to be 
explained. Our findings need further confirmation in larger cohorts of patients harboring KIF5A mutations. 
References: [1] Reid E, Kloos M, Ashley-Koch A, et al. A kinesin heavy chain (KIF5A) mutation in hereditary 
spastic paraplegia (SPG10). Am J Hum Genet 2002;71:1189-1194. [2] Ebbing B, Mann K, Starosta A, et al. Effect 
of spastic paraplegia mutations in KIF5A kinesin on transport activity. Hum Mol Genet 2008;17:1245-1252. [3] 
Rinaldi F, Bassi MT, Todeschini A, et al. A novel mutation in motor domain of KIF5A associated with an 
HSP/axonal neuropathy phenotype. J Clin Neuromuscul Dis 2015;16:153-158. 
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500 
Paroxysmal asymmetric dystonic arm posturing – a less recognised but characteristic manifestation of 
ATP1A3-related disease 
B. Balint, C. Stephen, V. Udani, C. Sankhla, N. Barad, A. Lang, K. Bhatia (London, United Kingdom) 
Objective: To highlight a less recognised but characteristic manifestation of ATP1A3-related disease. 
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Background: ATP1A3 mutations cause a wide clinical spectrum, and are one of the “commoner rare diseases”. 
Methods: Case series of four patients with ATP1A3 mutations. 
Results: The patients displayed characteristic episodes of dystonic arm posturing, involving a dystonic, flexed arm 
held in front of the body, or held close to the body but with the hand raised upwards (see figure). Other attacks 
manifest with arm extension, either beside the body or reaching upwards. Dystonic posturing occurred 
paroxysmally, with no neurological signs between attacks, or combined with other signs like chorea, ataxia and 
hypotonia. 
Conclusions: While previous diagnostic criteria have not included paroxysmal or episodic dystonia, recent expert 
consensus has proposed to include alternating or paroxysmal dystonia as major feature calling for ATP1A3 genetic 
testing. Attacks of marked arm flexion posturing, either paroxysmal or as episodic exacerbation of mild pre-existent 
dystonia, are a characteristic clue to ATP1A3-related disease. 

 

501 
A Systems Approach Model for Pantothenate Kinase-Associated Neurodegeneration (PKAN)- Assessment 
and Treatment 
S. Baser, C. Muniz, F. Middleton, R. Ericson, C. Bass (Pittsburgh, PA, USA) 
Objective: Propose a new systems approach model for PKAN, investigate treatment, and establish biologic and 
genetic markers. 
Background: PKAN is a recessive, rare, inborn error with an incidence of 1-3 per million, basal ganglia iron 
accumulation and a defect in PANK2 gene, the rate-limiting enzyme in coenzyme A synthesis.  Many genes exist 
for PKAN, but RNA sequencing has not been systematically examined. A large PKAN cohort (70 patients, c.680 
A>G mutation) in the Dominican Republic (DR) shows prevalence 1,000 times higher than normal; 1-2 
patients/1000, and a carrier rate of 15%.The traditional view of the CoA pathway in PKAN (fig 1) fails to explain 
complex pathways involved in PANK2 gene function and the body systems involved. Our model incorporates 
cysteine, cysteamine, ADO, and CDO (fig 2). Clinical symptoms involve hepatic, brain, muscle, blood, and eye 
systems in this disorder (fig 3). Altered hepatic function reduces bile salt conjugation and changes lipid metabolism; 
changes in lipid metabolism alter red cell membranes with formation of acanthocytes. Brain pathology includes iron 
accumulation and cell death. Muscle involvement include wasting and pathologic features, and eye changes include 
retinopathy. Our model includes pantetheine and pantetheine kinase as a therapeutic entry point into the cycle (fig 
2). Clinically, two DR patients receiving pantethine had significant improvement (18); 6 additional patients show 
improvement and treatment is ongoing. Pantethine rapidly converts to pantetheine, a substrate of pantetheine kinase. 
Pantetheine hydrolyzes into cysteamine and pantothenate; cysteamine enters the cycle via ADO (fig 2). 
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Methods: We will treat 20 genetically confirmed patients using oral pantethine.  Evaluation of pre- and post-
treatment include BMI, BMR, fat and muscle mass, video scoring, MRI, blood lipids, bile salts, and acanthocytes, 
retinal exams, and RNA sequencing. 
Results: Treatment effects will be measured as quantifiable changes in symptoms, metabolism, and genetic markers 
that occur in our PKAN patients. The detailed protocol will be presented. 
Conclusions: Our systems approach model for PKAN helps to explain complexity of the metabolic pathways 
involved in PANK2 gene function, the myriad of body systems involved, and supports the use of pantethine in the 
treatment of PKAN. 
References: 1. Leoni V, Strittmatter L, Zorzi G, et al. Metabolic consequences of mitochondrial coenzyme A 
deficiency in patients with PANK2 mutations. Mol Gen Metab 2012; 105(3), 463–471. 2. Stipanuk MH, Simmons 
CR, Andrew Karplus P, et al. Thiol dioxygenases: unique families of cupin proteins. Amino Acids 2010; 41(1), 91–
102. 3. Brunetti D, Dusi S, Giordano C, et al. Pantethine treatment is effective in recovering the disease phenotype 
induced by ketogenic diet in a pantothenate kinase-associated neurodegeneration mouse model. Brain 2013; 137(1), 
57–68. 4. Dominy JE, Simmons CR, Hirschberger LL, Hwang J, Coloso RM, Stipanuk MH. Discovery and 
Characterization of a Second Mammalian Thiol Dioxygenase, Cysteamine Dioxygenase. J Biol Chem 2007; 
282(35), 25189–25198. 5. Kuo YM, Duncan JL, Westaway SK, et al. Deficiency of pantothenate kinase 2 (Pank2) 
in mice leads to retinal degeneration and azoospermia. Hum Mol Gen 2004; 14(1), 49–57. 6. Schiessl-Weyer J, Roa 
P, Laccone F, et al. Acanthocytosis and the c.680 A>G Mutation in the PANK2 Gene: A Study Enrolling a Cohort 
of PKAN Patients from the Dominican Republic. PLOS ONE 2015; 10(4), e0125861. 7. Brunetti D, Dusi S, Morbin 
M, et al. Pantothenate kinase-associated neurodegeneration: altered mitochondria membrane potential and defective 
respiration in Pank2 knock-out mouse model. Hum Mol Gen 2012; 21(24), 5294–5305. 8. Han J, Kim DW, Lee CH, 
Han SH. Optic Atrophy in a Patient With Atypical Pantothenate Kinase-Associated Neurodegeneration. J Neuro-
Ophthalmology 2016; 36(2), 182–186. 9. Malandrini A, Bonuccelli U, Parrotta E, et al. Myopathic involvement in 
two cases of Hallervorden-Spatz disease. Brain and Development 1995; 17(4), 286–290. 10. De Luca A, Pierno S, 
Camerino DC. Taurine: the appeal of a safe amino acid for skeletal muscle disorders. J Transl Med 2015;13(1). 11. 
Nishimura T, Higuchi K, Yoshida Y, et al. Hypotaurine Is a Substrate of GABA Transporter Family Members 
GAT2/Slc6a13 and TAUT/Slc6a6. Biol Pharm Bull 2018; 41(10), 1523–1529. 12.Warskulat U, Flogel U, Jacoby C, 
et al. Taurine transporter knockout depletes muscle taurine levels and results in severe skeletal muscle impairment 
but leaves cardiac function uncompromised. FASEB J 2004; 18(3), 577–579. 13. Rodriguez-Raecke R, Roa-Sanchez 
P, Speckter H, et al. Grey matter alterations in patients with Pantothenate Kinase-Associated Neurodegeneration 
(PKAN). Parkinsonism & Related Disorders 2014; 20(9), 975–979. 14. Roa P, Bido P, Foerster B, et al. Evaluation 
of the “Tiger’s Eye” by Quantitative Susceptibility Imaging. ARC J Rad Med Imag 2017; Vol 2 (2), 7-11. 15. Gout, 
I. Coenzyme A, protein CoAlation and redox regulation in mammalian cells. Biochem Soc Trans 2018; 46(3), 721–
728. 16. Aruoma OI, Halliwell B, Hoey B, et al. The antioxidant action of taurine, hypotaurine and their metabolic 
precursors. Biochem J 1988; 256(1), 251–255. 17. Vitvitsky V, Garg SK, Banerjee R. Taurine Biosynthesis by 
Neurons and Astrocytes. J Biol Chem 2011; 286(37), 32002–32010. 18. Cruz Vicioso R, Roa P. Clinical Evolution 
of Patients with Pantothenate Kinase‐associated Neurodegeneration after Therapy with Pantethine (vitamin b5): 
Report of Two Cases. Mov Disorders 2018; Vol 33 (S1), 165. 19. Novelli GD. Enzymatic synthesis and structure of 
CoA. Fed Proc 1953; 12 (3), 675–81. 
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502 
Distinct phenotypic expression in a large PKAN cohort in the Dominican Republic 
S. Baser, C. Muniz, F. Middleton, R. Ericson, M. Santana Jimenez, C. Bass (Pittsburgh, PA, USA) 
Objective: Analysis of a large genetically homogenous PKAN population, assessing demographics, clinical 
features, and rating scales to characterize observed phenotypic heterogeneity. 
Background: PKAN is an autosomal recessive disorder linked to >50 different mutations in the PANK2 gene, 
worldwide incidence of 1-3 /million, and childhood onset. Features include dystonia, speech difficulties, spasticity, 
rigidity, and choreoathetosis. Classically, patients divide into early onset “typical” (<6 yrs) with rapid progression 
and a later onset “atypical” that progress slowly. Because of its rarity, PKAN research has been limited to small 
cohorts with various mutations. A genetically homogenous PKAN cohort (70 patients, c.680 A>G mutation) exists 
in the Dominican Republic with prevalence 1,000 times higher than normal; 1-2 pts/1000, and a carrier rate of 
15%.1 
Methods: Patients in the Dominican PKAN cohort were assessed between 2007-19.  Data obtained included 
demographic, clinical, MRI, mortality, genetic, and videotaped rating scales. Means and standard deviations were 
calculated for a descriptive analysis of clinical and demographic features. Potential associations were tested with 
chi-square and correlation analysis. 
Results: Seventy patients (40 F/30 M) had mean age of onset 9.5 ± 2.72 and disease duration 19.8 ±4.03 yrs. Later 
onset was associated with greater age (p= 0.034). 14% of patients died during the study period at a mean age 24.9 ± 
3.82 yrs.60 of 70 patients were alive in 2019 with mean scores on Fahn-Marsden 92.2 ±14.2, UDRS 69.4 ± 26.1, 
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PKAN scale 80.2 ± 21.7 and UPDRS (III) 71.8 ±17.9. 
Clinical features revealed 4 distinct phenotypes: oromandibular (OMD), glossopharyngeal (GP), appendicular (AP), 
and low expression (LO). OMD patients had marked swallowing difficulties but retained ambulation. The GP 
phenotype had prominent tongue protrusion with potential airway compromise. AP had distal involvement with the 
greatest disability due to loss of ambulation and hand function, whereas the LO group had the least disability and 
oldest age.Preliminary analysis suggests differences in progression rates, severity, and survival between phenotypes, 
specially within the first 10 years. (fig1) 
Conclusions: Analysis of the Dominican PKAN cohort suggests heterogeneous expression within the c.680 A>G 
mutation with potentially useful prognostic implications; mortality was 14% and later onset was significantly 
associated with greater age. 
References: 1. Delgado RF, Sanchez PR, Speckter H, Then EP, Jimenez R, Oviedo J, et al. Missense PANK2 
mutation without "eye of the tiger" sign: MR findings in a large group of patients with pantothenate kinase-
associated neurodegeneration (PKAN). J Magn Reson Imaging. 2012;35(4):788–794. 

 

503 
5 cases Static Encephalopathy of childhood with NeuroDegeneration in Adulthood (OMIM 300894) in 
children 
M. Bobylova, N. Perumova, T. Prygunova, K. Mukhin (Moscow, Russian Federation) 
Objective: 5 russian female patients aged 3 to 6 years with different mutations of the WDR45 gene were examined. 
Background: To study the clinical picture and course of epilepsy in children with OMIM 300894. 
Methods: Assessment of neurological status, psychological testing, video EEG monitoring, MRI. 
Results: Motor development is impaired, children do not walk 100%. Expressive speech is absent, speech 
understanding is poor 100%. Behavior is characterized by marked contact disorder, multiple stereotypes. Self-
service skills are not developed. Neurological status: paresis 3 - 4 points (100%), extrapyramidal hypertonus (2 
cases), diffuse muscle hypotonia with  ataxia (2 cases). Movement disorders are absent in 1 patient with serious 
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autism. MRI revealed non-specific changes (4 cases), “tiger eyes” to 6 years (1 case). Epilepsy occurs in 100% of 
cases: West syndrome (1 case), Lennox-Gastaut syndrome (1 case), focal epilepsy with asymmetric tonic attacks (1 
case), febrile-provoked generalized tonic-clonic seizures (2 cases). Remission of more than 1 year was achieved in 4 
patients out of 5. EEG patterns are: gypsarhythmia with transformation into CSWS (1 case), multiregional 
epileptiform activity with predominance in the frontal areas (3 cases), regional epileptiform activity in the frontal 
area (1 case). Starting therapy with basic anticonvulsants was effective up to 100% (3 cases), hormone therapy (1 
case), seizures not stopped, polytherapy (1 case). Interictal epileptiform activity was completely blocked in 2 cases; 
in the remaining patients, it was transformed into benign epileptiform discharges of childhood (3 cases). 
Conclusions: Epilepsy is found in 100% of cases. Convulsions were arrested in 80% with baseline anticonvulsants. 
Epileptiform activity on EEG is blocked in 40%, transformation into benign epileptiform discharges of childhood in 
60%. Thus, epilepsy has a favorable prognosis. 
References: 1. K. Yu. MukhinBenign epileptiform discharges of childhood and associated conditions 
https://doi.org/10.17650/2073-8803-2018-13-3-7-24 2. Gregory A, Kurian MA, Haack T, et al. Beta-Propeller 
Protein-Associated Neurodegeneration. 2017 Feb 16. In: Adam MP, Ardinger HH, Pagon RA, et al., editors. 
GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2019. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK424403/ 

504 
A study of Mutation in ATP7B gene and its correlation with clinical phenotype and radiological features in 
patients of Wilson Disease-a population based study in a tertiary care institute in eastern India 
J. Chaudhuri, t. Biswas, A. Biswas, S. Biswas, G. Gangopadhyay, A. Dutta (Kolkata, India) 
Objective: The present study was aimed at exploring the mutation profile of Eastern Indian Wilson’s Disease (WD) 
patients and analyzing the effect of mutations by genotype phenotype correlation. 
Background: WD is an autosomal recessive disease caused by mutation in the ATP7B gene.More than 400 disease 
causing mutations have been identified. Clinical manifestations of WD are variable, even differing among persons 
carrying the same homozygous mutation. Identification of the prevalent mutations in a given population is necessary 
to provide mutation-based molecular diagnosis. Previous studies have detected common mutations in this part of the 
world and our study aims to correlate genotype with clinical features and radiological features 
Methods: A descriptive cross sectional observational study was conducted over a period of two years in a tertiary 
care hospital and neurology referral unit of Kolkata, India. All WD patients within the study period and meeting the 
inclusion criteria were included . Demographic data collection, clinical examination and relevant laboratory 
investigations were done. Magnetic resonance imaging of brain, and cognitive assessment by Mini Mental Score 
Exam (MMSE) were also performed. Blood was collected for genetic analyses. PCR-Sanger sequencing of exons 
2,4,8,14,18 and 19 of ATP7B gene was done based on previous reports of mutation hotspots of ATP7B gene for WD 
in Eastern India. 
Results: 34 WD patients were included in the study, 55.9% of whom were males. The median age was 16.5 years 
(range 10-38 years) while the median age at diagnosis was 12 years (range 5-31 years). Majority (21/34, 61.8%) of 
the patients had dystonia on presentation, followed by dysarthria (41.2%), tremor (17.6%) and ataxia (11.8%). The 
median MMSE score in the study population was 24 (IQR 22-25.5). Both mutations were detected in 11 (32.4%) 
patients, all of whom were compound heterozygotes, while a single mutation was found in 14 (41.2%) patients. No 
likely pathogenic mutation was detected in 9 patients. c.813C>A (p.C271X) was the commonest identified mutation, 
representing 30.6% of all characterized coding mutant alleles. 
Conclusions: WD patients in eastern India have significant genotypic and phenotypic diversity. Further studies with 
larger samples and screening of remaining exons are warranted . 
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505 
Wislon disease: clinical specificities of the disease course under normal ceruloplasmin in the blood, a clinical 
case from Kyrgyzstan 
N. Chekeeva (Bishkek, Kyrgyzstan) 
Objective: Apparent clinical picture of Wilson's disease with normal blood ceruloplasmin levels in young patients 
with Wilson's disease. 
Background: Wilson's disease is a hereditary disease in which chronic intoxication of the body with copper occurs 
as a result of violations of its transport and accumulation. One of the standard diagnostics methods for the disease is 
the measure of the concentration of ceruloplasmin in the serum; this parameter rises at Wilson’s disease. 
Methods: Clinical case of a patient with Wilson disease with normal ceruloplasmin rates and evident clinical 
symptoms. 
Results: A young man, 28 years old, the debut of the disease at the age of 16 with severe emotional personality 
disorders, which was errantly diagnosed as signs of mental illness, however, the patient refused treatment in a 
specialized institution and continued treatment with exorcism. The patient was transferred to a clinic from a prison 
where he was placed for his attempt to enter the government house due to mental disorders. At the time of 
examination, his clinical picture was presented by polymorphic neurological syndromes: bilateral tremor of limbs in 
rest and movement, hand tremor had the form of "beating wings" ("fluttering of bird's wings"), unstable tremor of 
the tongue, speech disorders in the form of dysarthria and expressed in the form of depression, anxiety, mood 
swings, impulsiveness, irritability, aggression, while the MMSE test was -28 points.Reduction of the concentration 
of bound copper in the blood up to 3.37, while the normal range is 11.99 to 28 μmol / l, which indicated the 
excessive deposition of copper in the tissues of the body, with a low content in the blood, but the serum 
Ceruloplasmin was 400 mg / l (reference values- 200-600 mg / l)Echosigns of splenomegaly, hepatitis at ultrasound 
examination. Appearance of brown-greenish pigment on the periphery of the cornea - "Kaiser-Fleischer ring" by 
objective ophthalmic examination results.MRI of the brain revealed morphological changes in the form of 
encephalopathy with a symmetrical lesion of thalamus, peri-ductal gray matter, upper cerebellar peduncles and 
rostral caudalis. 
Conclusions: A variety of psychotic disorders and negative laboratory results (in particular, measuring of 
ceruloplasmin) can disguise Wilson disease at the early stages of the disease. 

506 
Rapidly onset progressive generalised dystonia parkinsonism in a young Indian male with rare FBXO 7 
genetic mutation 
S. Desai, N. Pampaniya, K. Mori, K. Shah (Vadodara, India) 
Objective: To describe a rare case of rapidly progressive generalized dystonia parkinsonism due to FBXO7 gene 
mutation. 
Background: Parkinson’s disease is a neurodegenerative disorder of usual onset after 60 years, with 18 genetic loci 
and 13 disease related genes been identified. FBXO 7 gene mutation associated Parkinsonian Pyramidal syndrome is 
very rare cause of early onset rapidly progressive parkinsonism with dystonia. 
Methods: 21 year male presented with acute change in speech and facial appearance with severe dysarthria, 
hypomimia, reduced eye blinking leading to red eyes. Opthalmology consult was first sought by the family where he 
was found to have dry eyes. The ophthalmologist suspected a depressive disorder and he was referred to psychiatrist. 
He was treated with escitalopram, clonazepam and quetiapine.  He developed symmetric rigid syndrome with 
hypomimia and tongue and chin tremor with no response to levodopa. Subsequently over the next 3 months, he 
developed severe generalised symmetric akinetic rigid syndrome followed by severe cervical dystonia followed by 
lower limb dystonia. Over the next 4 months , he developed severe generalised dystonia parkinsonism making him 
bed bound and requiring nasogastric tube for feeding. Over the next 2 months, he became mute and bed bound and 
subsequently succumbed to illness. He had no response to levodopa, dopa-agonists, trihexiphenydl, clonazepam, 
amantidine. methyl prednisolone. 
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Results: His MRI brain; serum copper[ free and total], ceruloplasmin, thyroid peroxidase [TPO] antibody, thyroid 
stimulating immunoglobulin, anti-GAD antibody, ammonia,  CSF for cell count, gram stain, oligoclonal bands, 
flowcytometry, cytology, HSV 1/2 PCR, bacterial culture HIV, VDRL, EEG, autoimmune and paraneoplastic 
antibody panel was negative. Whole genome sequencing panel was suggestive of heterozygous pathogenic mutation 
in FBXO 7 gene on chromosome 22q12-q13. 
Conclusions: Deleterious FBXO 7 gene mutations are responsible for an autosomal recessive rapid onset dystonia 
parkinsonism. This is the first reported case of FBOX7 gene mutation associated dystonia parkinsonism from India. 
References: 1. Kirk R, Laman H, Knowles PP, et al. Structure of a conserved dimerization domain within the F-box 
protein Fbxo7 and the PI31 proteasome inhibitor. J Biol Chem. 2008;283(32):22325-22335 2. Luo LZ, Xu Q, Guo 
JF, et al. FBXO7 gene mutations may be rare in Chinese earlyonset Parkinsonism patients. Neurosci Lett. 
2010;482(2):86-89. 3. Di Fonzo A, Dekker MC, Montagna P, et al. FBXO7 mutations cause autosomal recessive, 
early-onset parkinsonian-pyramidal syndrome. Neurology. 2009; 72(3):240-245. 4. Schneider SA, Bhatia KP, Hardy 
J. Complicated recessive dystonia parkinsonism syndromes. Mov Disord. 2009;24(4):490-499 

507 
A case of Aceruloplasminemia with vertical saccadic eye movement abnormalities 
O. Dogu, N. Öksüz, H. Kaleagasi (Mersin, Turkey) 
Objective: We describe the phenotype, video-oculagraphic  and neuroradiological findings of a case of 
aceruloplasminemia (AC). 
Background: Aceruloplasminemia presents in adulthood and is characterized by microcytic anemia, diabetes, 
retinal disease, and a movement disorder consisting of facial dystonia, chorea, tremor, parkinsonism, ataxia, and 
cognitive decline. In addition to anemia, laboratory investigations reveal low or absent serum ceruloplasmin, 
elevated ferritin, low iron, and low serum copper but normal urinary copper. 
Methods: Case report 
Results: An 49 years old male patient presented with sixth months history of imbalance, slowness, gait difficulty, 
tremor, cognitive disorder, anemia and diabetes. He is from a first cousin marriage and at the time of examination 
there is only one affected among eight siblings. The mode of inheritance is consistent with autosomal recessive 
inheritance. Neurological examination showed hypomimia, mild symmterical bradykinesia and rigidity, resting 
tremor in the right hand, ataxia and loss of tendon reflexes in the lower extremities. The cognitive tests revealed that 
the patient has severe memory, orientation, attention and visuospatial abnormalities. The Mini Mental State 
Examination score was 9 and Montreal Cognitive Assessment score was 15. Electromyographic study showed 
severe axonal and demyelinating polyneuropathy. Retinal examination was normal. MRI studies revealed iron 
accumulation in the liver. Brain MRI showed overload of paramagnetic material in dentatus, putamen, caudate 
nucleus, posterior thalamus and s.nigra consistent with iron accumulation (Picture).Video-oculographic exam 
showed hypometric vertical saccadic eye movements.DNA sample was sent for CP mutation screening. Laboratory 
test results is shown in the Table and showed low serum Fe, hemoglobin, transferrin and higher levels of ferritin, 
HbA1C. Serum ceruloplasmin level was 0 and urinary copper excretion was normal. 
Conclusions: Aceruloplasminemia is an ultra-rare hereditary disorder caused by defective production of 
ceruloplasmin. The patient we present here has typical clinical and laboratory findings and also hypometric saccadic 
eye movements as demsonstrated by videoculography which has not been reported before. 
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Hyperammonemic Encephalopathy as Primary Cause of Movement Disorders: Report of Two Cases 
G. Fabiani, F. Germiniani, S. Raskin, H. Teive (Curitiba, Brazil) 
Objective: We report two cases of movement disorders (MD) due to hyperammonemia. The first patient presented 
with noncirrhotic hyperammonemia after gastric bypass surgery(GBS) and the second had cirrhotic 
hyperammonemia mimicking MSA-C. 
Background: Hyperammonemia is a recognized cause of encephalopathy, and it is commonly seen in patients with 
liver disease. Hyperammonemic encephalopathy following GBS is rare but highly fatal if not diagnosed in time and 
managed aggressively. Worldwide, there have been less than 25 reported cases of hyperammonemic encephalopathy 
after in the absence of cirrhosis. 
Methods: The first case is a man, 43 years-old, previously treated with GBS that started with major depressive 
mood disorder and behavior changes. In the sequence he showed cognitive decline and cerebellar signs. He scored 
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only 19 (30) points in the minimental and suffered with daytime sleepiness. Other symptoms included dysarthria, 
ataxia, dysmetria, dysdiadochokinesia and tremor.The serum ammonia level was 193 micromol/L and the liver 
function was normal. The Brain MRI (T2/Flair weighted) demonstrated bilateral symmetric hypersignal affecting 
the periventricular white matter, spinal tract and cerebellar peduncles. The second patient is a 81 years-old male with 
late onset bilateral tremors, initially diagnosed as essential tremor. Treatment with primidone and propranolol. As 
the tremors worsened, cerebellar and parkinsonian signs and symptoms showed up accompanied by cognitive 
decline. Initial minimental was 27 the last decreased to 12 points. The Brain MRI AX Flair showed diffuse brain 
atrophy, with Koedan 2 and Fazekas 1 and the brain SPECT with TRODAT-1 was normal. Further imaging and 
laboratory tests demonstrated he had cryptogenic cirrhosis and he presented elevated serum ammonia level (137 
micromol/L ). 
Results: The patients were medicated with oral supplements of Ornithine aspartate 600 mg twice daily, lactulone 10 
ml thrice daily and rigorous nutrition plan.They showed good response of the cerebellar and encephalopathic state. 
Conclusions: The two case presented life-threatening hyperammonemic encephalopathy with cognitive and 
cerebellar symptoms and the oral supplements with Ornithine aspartate twice daily helped the patient. 
For the patient with morbid obesity, as described in literature, it is very unlikely to indicate him for reversion the 
original operation  given the technical implications of the surgical procedure. 
References: 1) Odigwe CC, Khatiwada B, Holbrook C, et al. Noncirrhotic hyperammonemia causing relapsing 
altered mental status. Proc (Bayl Univ Med Cent). 2015;28(4):472-4. 2) Nagarur A, Fenves AZ. Late presentation of 
fatal hyperammonemic encephalopathy after Roux-en-Y gastric bypass. Proceedings (Baylor University Medical 
Center). 2017;30(1):41-43. 3) Bigot A, Brunault P, Lavigne C, et al. Psychiatric adult-onset of urea cycle disorders: 
A case-series. Mol Genet Metab Rep. 2017;12:103-109. 4) Ba F, Siddiqi ZA.Neurologic complications after 
bariatric surgery . Rev Neurol Dis. 2010;7(4):119-24. 

509 
Auditory-Perceptual Voice and Speech Evaluation in ATP1A3-positive Patients 
M. Finger, L. Madden, K. Ruckart, K. Downes, J. Cook, B. Snively, A. Brashear, I. Haq (Winston-Salem, NC, USA) 
Objective: To characterize speech and voice dysfunctions in ATP1A3 mutation positive individuals compared to 
concurrent mutation negative family controls. 
Background: Bulbar symptoms are frequent in patients with rapid-onset dystonia-parkinsonism (RDP), which is 
caused by ATP1A3 mutations1-3. Though previous studies have noted these symptoms, speech and voice 
dysfunction in these patients has not been formally characterized or quantified. 
Methods: Voice recordings were analyzed in 32 subjects with ATP1A3 mutations (male=21, female=11) and 29 
mutation negative family controls (male=15, female=14) from families having at least one RDP patient, i.e. 
ATP1A3 positive with movement disorder onset after 18 months of age. Three raters (1 fellowship-trained 
laryngologist and 2 speech/language pathologists) evaluated the audio to determine voice quality and presence of 
dysarthria. Raters were blinded to mutation status reviewed audio in randomized order. Dysarthria was classified by 
subtype. The Grade, Roughness, Breathiness, Asthenia, Strain (GRBAS) scale was used to rate voice quality. Burke-
Fahn-Marsden Dystonia Rating Scale (BFMDRS) total scores were used to assess overall dystonia. P< 0.05 denoted 
statistical significance. 
Results: Out of the 32 subjects with a positive ATP1A3 mutation status, 23 had dysarthria and 9 had no perceptible 
neurological voice condition. Of the 29 ATP1A3 mutation negative controls, 5 had dysarthria and 24 had no 
perceptible neurological voice condition. Positive mutation status was associated with dysarthria (p< 0.0001). 
Subjects with positive ATP1A3 mutation status and dysarthria had subtypes as follows: 3 hyperkinetic, 5 
hypokinetic, 5 flaccid, 3 ataxic and 7 with ≥2 subtypes. There was a significant difference between mutation positive 
and negative subjects with respect to Grade (p< 0.0001), Roughness (p=0.005), Asthenia (p=0.015) and Strain 
(p=0.0003). There were positive correlations between BFMDRS scores and Grade, Breathiness and Asthenia scores 
(r=0.19, r=0.22, r=0.22) though not significant. 
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Conclusions: Voice and speech analysis are an important part of assessing patients with ATP1A3 mutations as they 
frequently experience dysarthria and impairment in the Grade, Roughness, Asthenia and Strain of their voices. 
Future directions include utilizing bulbar-specific dystonia assessments and examining correlates to BFMDRS 
bulbar dystonia symptoms. 
References: 1Dobyns, W. B., Ozelius, L. J., Kramer, P. L., Brashear, A., Farlow, M. R., Perry, T. R., … 
Breakefield, X. O. (1993). Rapid-onset dystonia-parkinsonism. Neurology, 43(12), 2596–2602. 2Kramer, P. L., 
Mineta, M., Klein, C., Schilling, K., De Leon, D., Farlow, M. R., … Brashear, A. (1999). Rapid-onset dystonia-
parkinsonism: Linkage to chromosome 19q13. Annals of Neurology, 46(2), 176–182. 3Brashear, A., Dobyns, W. B., 
de Carvalho Aguiar, P., Borg, M., Frijns, C. J. M., Gollamudi, S., … Ozelius, L. J. (2007). The phenotypic spectrum 
of rapid-onset dystonia-parkinsonism (RDP) and mutations in the ATP1A3 gene. Brain, 130(3), 828–835. 

510 
A case report of two siblings Aicardi-Goutières Syndrome type 2 
C. Fujiwara Murakami, E. Nakagawa, A. Meira, F. Germiniani, E. Pereira, H. Ghizoni Teive (Curitiba, Brazil) 
Objective: To report two sisters with late diagnosis of Aicardi-Goutières Syndrome 2. 
Background: Aicardi-Goutières Syndrome (AGS) is a rare encephalopathy characterized by basal ganglia 
calcification, leukodystrophy, cerebrospinal fluid lymphocytosis and white matter abnormalities [1]. It is associated 
to a broad clinical spectrum, presenting with progressive microcephaly, spasticity and cognitive impairment (CI). 
There are seven known genetic subtypes for AGS (I-VII), caused by mutations on TREX1, RNASEH2B, 
RNASEH2C, RNASEH2A, SAMHD1, ADAR1 or IFIH1 [2], respectively, all associated with abnormal type I 
interferon-mediated innate immune response. Pathogenic variants of the RNASEH2B gene are associated with 
Aicardi-Goutières Syndrome 2 (AGS2), an autonomic recessive disturbance related to milder forms of the disease, 
later onset of symptoms and less childhood mortality [3]. 
Methods: Case Report 
Results: Patient 1 is a 32-year-old female, born from non-consanguineous parents, who started presenting 
seizures/status epilepticus at 5-months-old. She evolved with focal seizures with secondary generalization until the 
age of 4. Magnetic resonance imaging showed no alterations. She was then diagnosed with cerebral palsy until the 
birth of her sister (Patient 2), 10 years later.  Patient 2 is a 22-year-old female, who also started presenting focal 
seizures with secondary generalization at the age of 1 year and 3 months, until her last seizure at the age of 13. 
Computed tomography revealed basal ganglia and periventricular calcifications. Both kids failed to reach normal 
developmental milestones, and presented gait spasticity, ataxia, hyperreflexia and plantar responses. Patient 1 
presented CI and became non-ambulatory. They underwent investigation for several diseases, all of which resulted 
negative. When admitted to the movement disorders’ service, both received the diagnosis of complex Hereditary 
Spastic Paraplegia at the ages of 22 and 12. At the age of 20, Patient 2 underwent whole-exome sequencing, which 
revealed the homozygous c.529G>A, p.(Ala177Thr) variant on RNASEH2B gene, compatible with AGS2. 
Conclusions: AGS2 should be investigated in patients presenting with developmental delay, spasticity, CI and 
seizures, even in the absence of prototypical brain imaging. Because of its similarity with congenital infection and 
cerebral palsy, a high level of suspicion is necessary. Early diagnosis may influence genetic counseling and 
therapeutic interventions. 
References: 1. Aicardi J, Goutières F. A progressive familial encephalopathy in infancy with calcifications of the 
basal ganglia and chronic cerebrospinal fluid lymphocytosis. Ann Neurol 1984; 15: 49–54 2. Crow YJ, Chase DS, 
Lowenstein Schmidt J, et al. Characterization of human disease phenotypes associated with mutations in TREX1, 
RNASEH2A, RNASEH2B, RNASEH2C, SAMHD1, ADAR, and IFIH1. Am J Med Genet A. 2015; 167A:296–312 
3. Rice G, Patrick T, Parmar R, et al. Clinical and molecular phenotype of Aicardi–Goutieres syndrome. Am J Hum 
Genet. 2007; 81:713–25. 
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Digenic inheritance of WARS2 and CHRNA6 mutations in infantile parkinsonism 
S. Galosi, S. Martinelli, V. Cordeddu, S. Fucile, C. Limatola, R. Carrozzo, M. Tartaglia, V. Leuzzi (Rome, Italy) 
Objective: To provide evidence of digenic inheritance in infantile parkinsonism. 
Background: Oligogenic inheritance has been demonstrated in PD[1],where patients with a primary genetic cause 
can have additional variants acting as modifying genetic factors. This polygenic architecture, particularly relevant 
for early onset forms[2],has never been reported in infantile parkinsonism. 
Methods: A trio based whole exome sequencing (WES) analysis was followed by functional validation of WARS2 
and CHRNA6 variants. 
Results: An 11 years old male presented at the age of 10 months with progressive parkinsonism (rest and action 
tremor, axial hypotonia, hypo/bradykinesia, dystonia). CSF examination disclosed low homovanillic acid and 
levodopa/carbidopa was started. The initial honeymoon period was followed by increasingly severe motor 
fluctuations that eventually led to the need for levodopa-carbidopa intestinal gel at the age of 7. DaTSCAN was 
confirmatory, showing a complete derangement of dopaminergic (DA) striatal pathways [figure 1].WES analysis 
identified compound heterozygosity for two missense mutations (p.Trp13Gly and p.Met227Val) in the WARS2 
gene, encoding the mitochondrial tryptophanyl tRNA synthetase (mtTrpRS). WARS2 has recently been associated 
with intellectual disability, mitochondrial encephalopathy and, in a single case, infantile parkinsonism [3]. Western 
blotting analysis demonstrated a dramatic reduction of mtTrpRS level and OXPHOS status evaluation suggested 
mild but significant defects of the respiratory chain complexes, confirming the pathogenicity of the WARS2 
mutations.Based on the very early age of onset and the particularly severe phenotype of our patient, we hypothesized 
a possible contribution of a second hit in a different gene.In line with this hypothesis,WES analysis identified a de 
novo mutation (c.526T>C; p.Phe176Ser) in CHRNA6, encoding the α6 subunit of nicotinic receptors, which plays a 
key role in the cholinergic modulation of dopamine release in DA neurons.In silico modeling predicted a disrupting 
effect of the mutation on the allosteric transition mediating channel opening and receptor assembly. The mutation 
strongly impaired receptor function in Xenopus oocytes, GH4C1 cells, and C. elegans neuromuscular junction. 
Conclusions: These findings confirmed the role of WARS2 in the pathogenesis of infantile parkinsonism, and 
strongly suggested that defective CHRNA6 function could worsen the WARS2-associated phenotype.  
References: [1] Lubbe, S. J., Escott-Price, V., Gibbs, J. R., Nalls, M. A., Bras, J., Price, T. R., ... & Tomkins, J. E. 
(2016). Additional rare variant analysis in Parkinson’s disease cases with and without known pathogenic mutations: 
evidence for oligogenic inheritance. Human molecular genetics, 25(24), 5483-5489. [2] Escott‐Price, V., 
International Parkinson's Disease Genomics Consortium, Nalls, M. A., Morris, H. R., Lubbe, S., Brice, A., ... & 
Singleton, A. B. (2015). Polygenic risk of P arkinson disease is correlated with disease age at onset. Annals of 
neurology, 77(4), 582-591. [3] Burke, E. A., Frucht, S. J., Thompson, K., Wolfe, L. A., Yokoyama, T., Bertoni, M., 
... & Gahl, W. A. (2018). Biallelic mutations in mitochondrial tryptophanyl‐tRNA synthetase cause Levodopa‐
responsive infantile‐onset Parkinsonism. Clinical genetics, 93(3), 712-718. 
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Acquired (non-Wilsonian) hepatocerebral degeneration: case report 
E. Gracheva, I. Miliukhina, A. Sokolov, Y. Seliverstov (St.Petersburg, Russian Federation) 
Objective: To present a case of the patient with acquired (non-Wilsonian) hepatocerebral degeneration (AHD). 
Background: AHD is a clinical syndrome which includes movement and cognitive disorders as a consequence of 
liver cirrhosis or portosystemic shunt. We present a case where differentiating AHD from Wilson disease (WD) 
possessed a clinical challenge 
Methods: Case report. 
Results: We present the case of a 54‐year‐old man with a history of liver cirrhosis due to prolonged alcohol abuse 
and untreated hepatitis C infection. At the age of 47, he started to experience slight general slowness and gait 
disturbance which were slightly progressing over time. Two years later he developed slightly slurred speech and 
marked swelling of legs. At the age of 52 he was diagnosed with liver cirrhosis. At the age of 53 after a fall patient 
developed obsessive disorder and hallucinations, his gait markedly worsened, and a year later he developed 
pathologically increased appetite and marked postural instability. Neurological exam showed slowness of eye 
saccades, pseudobulbar syndrome, pyramidal signs, parkinsonism, and dystonia along with severe postural 
instability in the absence of autonomic dysfunction. Brain MRI showed bilateral symmetric T1 hyperintense signal 
in globus pallidus, thalamus, and midbrain, being isointense on T2-weighted images. Apart from that, T2-weighted 
images showed bilateral symmetric hyperintense signal in subcortical white matter, in the central parts of GPi, and 
in middle cerebellar peduncles, being hypointense on T1-weighted images. Abdomen ultrasound showed 
splenomegaly. Serum fibrinogen, albumin, and total protein were decreased. Serum total copper was at the lower 
border of normal values, whereas serum ceruloplasmin was normal. No Kayser–Fleischer rings were found. Patient 
was negative for the most frequent 12 ATP7B mutations. However, he underwent penicillamine (PA) challenge test 
which was negative after administration of 1000 mg of PA, but it turned out to be positive after a second trial with 
500 mg of the drug. That prompted us to do a test administration of PA for 6 months with a daily dose of 1000 mg, 
but the patient didn’t improve. 
Conclusions: In the presented case, we consider AHD as a most reasonable diagnosis. Despite of positive second 
penicillamine challenge test, prolonged treatment with that drug hasn’t provided any improvement. 

513 
Temporal Emergence of Symptoms and Functional Impairments in Patients With Pantothenate Kinase-
Associated Neurodegeneration (PKAN) 
F. Greblikas, H.A. Jinnah, T. Klopstock, A. Videnovic, C. Burns (San Diego, CA, USA) 
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Objective: To describe the temporal emergence of PKAN symptoms and functional impairments across the 
spectrum of PKAN severity. 
Background: PKAN, an autosomal recessive, progressive neurodegenerative disorder, is a heterogeneous disease. It 
may include dystonia, spasticity, rigidity, bradykinesia, postural instability, loss of ambulation and ability to 
communicate, feeding difficulties, psychiatric issues, and cognitive and visual impairment. Knowledge about the 
patient experience from symptom onset through diagnosis and further emergence of functional impairments is 
limited. 
Methods: Thirty-nine patients (aged ≥6 years with genetically confirmed PKAN) or their primary caregivers were 
interviewed using the PKAN-Activities of Daily Living (ADL) scale. The current study used PKAN-ADL total 
score quartiles to group patients by severity of impairment (Lowest [L] n=9, Second Lowest [SL] n=10, Third 
Lowest [TL] n=10, Highest [H] n=10). Age at onset of PKAN symptoms was examined across the severity of 
impairment groups. 
Results: Across PKAN severity of impairment groups, disease duration did not significantly differ (P>0.05). Age at 
first symptom (median age H=1.0, TL=7.0, SL=10.0, L=14.0 years) and at PKAN diagnosis (median age H=7.0, 
TL=13.0, SL=10.0, L=15.0 years) did differ (P-values<0.05). Current speech, school, and eating/choking problems 
were present in ≥55% of patients across the spectrum of PKAN severity and there was a linear increase in the age at 
onset of these problems, with the youngest median age for H (6, 5, and 10 years, respectively) and the oldest median 
age for L (17, 14, and 16 years, respectively). A similar increase in age at onset (ie, H=youngest to SL/L=oldest) 
occurred for full time caregiving, unable to walk without help, and lost ability to walk at all, with an increase in the 
percentage of patients experiencing these problems from the lower to higher severity of impairment groups. Vision 
problems, lost ability to speak, feeding tube, and dystonic storm had varied temporal patterns across the PKAN 
spectrum. 
Conclusions: These data suggest a temporal progression of symptoms and functional impairments across the 
spectrum of PKAN severity, with age at onset increasing as PKAN severity of impairment decreases. Therapies that 
prevent this symptom progression are urgently needed. 
References: Marshall RD et al. A scale to assess activities of daily living in pantothenate kinase-associated 
neurodegeneration. Mov Disord Clin Pract. 2019;6:139-149. 

514 
Fragile X Gray Zone Alleles in Men are associated with Parkinsonism 
D. Hall, S. Nag, E. Berry-Kravis, A. Ali, B. Ouyang, Y. Liu, A. Buchman, D. Bennett (Chicago, IL, USA) 
Objective: To determine the association between FMR1 gray zone expansions and the presence of parkinsonism, 
motor, and cognitive function in an elderly community-based population. 
Background: ‘Premutation’ size expansions of 55-199 CGG repeats in FMR1 cause fragile X-associated 
tremor/ataxia syndrome (FXTAS), which is manifested by movement disorders and intra-nuclear mRNA inclusions 
in neurons and glia. Gray zone FMR1 expansions (41-54 CGG) have also been associated with neurological signs, 
but neuropathological findings in these cases have never been reported. 
Methods: Automated FMR1 PCR was performed on existing samples from two longitudinal aging studies at the 
Rush Alzheimer’s Disease Center, whose subjects agree to brain donation. A detailed clinical evaluation included a 
modified Unified Parkinson Disease Rating Scale score, a composite score of global motor function, and 17 
cognitive tests summarized as a global measure of cognition. Neuropathological examination was performed to 
investigate for the presence of neuronal and glial intranuclear inclusions and other age-related pathologies. 
Results: The average age of the population (n=2380) was 85.9±7.3 and average age at death was 88.6±6.4 
(n=2308), with 74% women. The prevalence of FMR1 gray zone alleles was 4.5% (107/2380). There was no 
significant difference between gray zone participants and normal (<40 CGG) in cognitive diagnosis, global motor 
function, nor cognitive diagnosis; even after controlling for age, sex, education, race, and ethnicity. Gray zone 
alleles were associated with parkinsonism in men. There were no intranuclear neuronal or glial inclusions seen in 
gray zone allele carriers (n=36). 
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Conclusions: This is the largest study to investigate gray zone alleles in an older community population. The key 
outcome is that in men, the gray zone allele may be associated with parkinsonism. This is consistent with other 
studies that show similar results. This study did not confirm an association between a lack of FMR1 AGG 
interspersions and neurological signs. This study is the first to report neuropathology in FMR1 gray zone carriers, 
including a lack of pathological hallmarks typically associated with premutation size expansions. 

515 
Prevalence of Oropharyngeal Dysphagia in Hereditary Spastic Paraplegias 
L. Jacinto-Scudeiro, G. Machado, A. Ayres, D. Burguêz, M. Polese-Bonatto, C. González-Salazar, M. Siebert, M. 
França Jr, M. Olchik, J. Saute. (Porto Alegre, Brazil) 
Objective: We aimed to assess the prevalence of swallowing disorder and to characterize the main clinical signs of 
dysphagia in genetically confirmed HSP patients. 
Background: The core feature of hereditary spastic paraplegias (HSP) is lower limb spasticity, which might be 
accompanied or not by additional neurological features1. Swallowing dysfunction is poorly studied in HSP and its 
presence can lead to significant respiratory and nutritional complications. 
Methods: A two-center cross-sectional prevalence study was performed. Genetically confirmed HSP patients were 
evaluated by the Northwestern Dysphagia Patient Check Sheet (NDPCS)2 and the Functional Oral Intake Scale3. In 
addition, self-perception of dysphagia was assessed by the Eat Assessment Tool (EAT-10)4 and the Swallowing 
Disturbance Questionnaire (SDQ)5. 
Results: We evaluated thirty-six patients with spastic paraplegia type 4 (SPG4), five with SPG11, four with both 
SPG5 and cerebrotendinous xanthomatosis (CTX), three with SPG7, and two with SPG3A. Regarding the clinical 
evaluation of swallowing, 3/5 (60%) and 2/4 (50%) of SPG11 and CTX patients, respectively, presented mild to 
moderate oropharyngeal dysphagia, which was the most serious clinical finding of this study. The prevalence of 
dysphagia in the other groups was much lower, with the majority of patients being diagnosed with normal or 
functional swallowing. Dysphagia prevalence and description of clinical signs for each HSP forms are described in 
Table 1 (insert table 1).  
Conclusions: Oropharyngeal dysphagia of clinical relevance was only present in complicated forms of HSP and it 
was not perceived by patients. SPG11 and CTX presented highest risks for dysphagia, suggesting that surveillance 
of swallowing function should be part of the management of patients with these disorders. 
References: References 1. Depienne C, Stevanin G, Brice A, Durr A. Hereditary spastic paraplegias: an update. 
Curr Opin Neurol 2007;20: 674–80. 2. Magalhães Junir, HV; Pernambuco, LA; Souza, LBR; Ferreira, MAF; Lima, 
KC. Translation and cross-cultural adaptation of the Northwestern Dysphagia Patient Check Sheet to Brazilian 
Portuguese. CoDAS 2013;25: 369-74. 3. Crary MA, Groher ME. Initial Psychometric Assessment of a Functional 
Oral Intake Scale for dysphagia in stroke patients. Arch Phys Med Rehabil. 2005; 86:1516-20. 4. Gonçalves, MIR; 
Remaili, CB; Bhelau, M. Cross-cultural adaptation of the Brazilian version of the Eating Assessment Tool – EAT-
10.CoDAS 2013;2:601-4. 5. Ayres A, Ghisi M, Rieder CRM, Manor Y, Olchik MR Rev. Translation and Cultural 
Adaptation of Swallowing Disturbance questionnaire for Brazilian Ppopulation. CEFAC. 2016; 18: 828-834. 
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Are Cognitive Changes in Hereditary Spastic Paraplegias Restricted to Complicated Forms? 
L. Jacinto-Scudeiro, G. Machado, A. Ayres, D. Burguêz, M. Polese-Bonatto, C. González-Salazar, M. Siebert, M. 
França Jr, M. Olchik, J. Saute (Porto Alegre, Brazil) 
Objective:  
We aimed to characterize cognitive functions of patients with pure and complicated HSP, and to determine the 
frequency of abnormal cognitive performances in the studied subtypes. 
Background: Hereditary Spastic Paraplegias (HSP) is a clinically and genetic heterogeneous group of diseases, 
where little attention has been given to cognitive abnormalities. 
Methods: A two-center cross-sectional case-control study was performed. Cognitive assessments were performed 
through the following standardized tests: Mini Mental State Examination – MEEM1; Montreal Cognitive 
Assessment – MOCA2; Verbal fluency with phonological restriction – FAS3; Verbal categorical fluency - FAS-
cat4, Rey's Verbal Auditory Learning Test –RAVLT5 and Wechsler Intelligence Scale for Children (WISC III)6.  In 
order to verify if depressive symptoms could act as a confounding factor for cognitive performance, Beck 
Depression Inventory (BDI)7 was applied. 
Results: Fifty four patients with genetically confirmed HSP diagnosis, 36 with spastic paraplegia type 4 (SPG4), 5 
SPG11, 4 SPG5, 4 cerebrotendinous xanthomatosis (CTX), 3 SPG7 and 2 SPG3A, and 10 healthy, unrelated control 
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subjects participated in the study. Most SPG4 patients presented cognitive changes not compatible with dementia, 
performing poorly in memory, attention and executive function. SPG5 patients scored lower in executive functions 
and memory, and SPG7 patients performed poorly on memory tasks, also presenting cognitive changes not 
compatible with dementia . All evaluated cognitive functions were altered in patients with CTX and SPG11 patients. 
The 2 patients with SPG3A performed within normal limits on cognitive tests. The comparative analysis amongst 
SPG4, SPG11 and control groups showed significant differences on cognitive performance in all tests (P <0.001 for 
all comparisons)(Insert table 1). The WISC-III results showed low average IQ scores in 60% (3/5) of the children 
with SPG4 and average IQ in the others. BDI scores did not correlate with cognitive tests performance (P> 0.2 for 
all comparisons). 
Conclusions: Cognitive abnormalities are frequent in HSP, being more severe in complicated forms. SPG4, the 
most frequent and the prototype of pure HSP, present multiple cognitive abnormalities that might impact patients’ 
lives, decreasing families´ socioeconomic status and contributing to the overall disease burden. 
References: 1. Brucki SM1, Nitrini R, Caramelli P, Bertolucci PH, Okamoto IH. Suggestions for utilization of the 
mini-mental state examination in Brazil. Arq Neuropsiquiatr (2003) 61:3B. 2. Memória CM, Yassuda MS, Nakano 
EY, Forlenza OV. Brief screening for mild cognitive impairment: validation of the Brazilian version of the Montreal 
cognitive assessment. Int J Geriatr Psychiatry (2013) 28:1 doi; 10.1002/gps.3787. 3. Tombaugh TN, Kosak J, Ress 
L. Normative data stratified by age and education for two measures of verbal fluency: FAS and animal naming. 
Arch Clin Neuropsycol (1999) 14:2. 4. Brucki SMD, Malheiros SMF, Okamoto IH, Bertolucci PHF. Dados 
normativos para o teste de fluência verbal categoria animais em nosso meio. Arq. Neuro-Psiquiatr (1997) 55:11. 5. 
Magalhães SS, Handam AC. The Rey Auditory Verbal Learning Test: normative data for the Brazilian population 
and analysis of the influence of demographic variables. Psychol. Neurosci (2010) 3:1 doi: 
10.3922/j.psns.2010.1.011. 6. Wechsler D. (2003). Escala de Inteligência de Wechsler para Crianças – Terceira 
Edição (WISC-III). Casa do Psicólogo. 7. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for 
measuring depression. Arch Gen Psychiatry (1961) 4:561. 
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517 
4'-Phosphopantetheine corrects CoA, iron, and dopamine metabolic defects in mammalian models of PKAN 
S. Jeong, P. Hogarth, A. Gregory, D. Zhen, R. Lambrechts, R. Woltjer, O. Sibon, S. Hayflick (Portland, OR, USA) 
Objective: To investigate a rational therapeutic for PKAN using new mammalian disease models. 
Background: PKAN is a defect in CoA metabolism causing dystonia, parkinsonism and brain iron accumulation. 
Neuropathology localizes to globus pallidus. Current disease models superimpose a second 'hit' onto a Pank2 KO 
mouse, and abnormalities cannot be specifically attributed to Pank2, raising doubts about conclusions of 
pathogenesis and therapeutics potential. 
Methods: We used a Pank2 KO mouse and isolated tissue containing GP, SN, or cerebellum. We compared mRNA 
quantity, protein quantity and enzyme function by genotype and brain region. We fed 4'-phosphopantetheine orally 
to mice, after which the same quantifications were performed and compared to baseline levels. ANOVAs were used 
to test for significance. 
Results: We developed a Pank2 KO mouse model by isolating disease-vulnerable vs. disease-protected 
brain regions. We found perturbations in the CoA synthesis pathway, as well as in iron homeostasis and dopamine 
metabolism. Further, we found defects in mitochondrial OXPHOS and TCA cycle. Defects were found in GP only; 
other brain structures were normal. Feeding 4'-phosphopantetheine to our mice normalized all biomarkers. In 
cultured primary human PKAN cells and circulating cells we found similar biomarker changes, suggesting potential 
for their use in interventional studies. 4'-Phosphopantetheine caused no toxicity in mice. 
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Conclusions: We present models of PKAN in which all abnormalities are specifically attributable to a defect in 
pantothenate kinase 2. Animals manifest defects in the CoA pathway as well as in iron homeostasis, dopamine 
metabolism and mitochondrial function. All metabolic defects can be explained through a single molecule at the 
nexus of these pathways enabling us to delineate the molecular pathogenesis of PKAN. Importantly, we can now 
link iron dyshomeostasis to a CoA pathway defect, finally explaining the basis for this key feature. The metabolic 
abnormalities represent biomarkers useful for pre-clinical studies. Using this model, we demonstrate that 4'-
phosphopantetheine can correct all PKAN metabolic defects. Importantly, by correcting the CoA pathway defect, we 
observed correction also of the iron, dopamine and mitochondrial OXPHOS and TCA pathways. 4'-
Phosphopantetheine is orally bioavailable, crosses the blood-brain barrier, and has no known toxicity. An 
interventional human trial is planned. 
References: Kuo, Y. M., et al. (2005). "Deficiency of pantothenate kinase 2 (Pank2) in mice leads to retinal 
degeneration and azoospermia." Hum Mol Genet 14(1): 49-57. 
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518 
Creutzfeldt-Jakob disease with a M232R substitution (CJD232) masquerading as parkinson look-alike 
syndrome 
K.O. Jung, H. Kim, J.H. Park (Bucheon-si, Republic of Korea) 
Objective: To describe a case of Creutzfeldt-Jakob disease with a M232R substitution (CJD 232) presented with 
parkinson look-alike syndrome and showed remarkably long survival time. 
Background: CJD232 has been reported to have similar clinical features and EEG finding to sporadic CJD. 
However, recent studies suggest clinical phenotype of this mutation could be variable. 
Methods: Case Report: A 57 yo right-handed female with 6 months history of progressive slowing of movements 
presented in Oct. 2016. She had no family history of neurodegenerative diseases. Neurologic examination showed 
right side dominant parkinsonism (i.e., bradykinesia, resting tremor and rigidity, HY stage of 2.5). Cognitive 
function test was unremarkable. Brain MRI was normal and FP-CIT PET showed significant defects in nigrostriatal 
dopaminergic transmission bilaterally (figure 1). She started to take 300mg/d of L-dopa with periodic clinical 
monitoring. Thereafter, vertical saccade slowing was noted and her motor symptom worsened slowly even at L-dopa 
600 mg/d. Her gait became bradykinetic without freezing or ataxia. 2 years after symptom onset, she developed 
rapidly progressive dementia with severe parkinsonism (HY 3). Within 6 months thereafter, she became akinetic 
mutism state. On neurologic examination, her mental status was normal. No myoclonus or ataxia were present. MRI 
demonstrated bilateral frontal atrophy which was not present previously. There was no periodic wave complex on 
EEG and no 14-3-3 protein in CSF. 
Results: Genetic study showed a mutation at codon 232 of PRPN gene (figure 2). 
Conclusions: This case suggests that, besides sporadic CJD, parkinson look-alike syndrome with long survival time 
could be possible phenotype of CJD232. 
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519 
Movement disorders in late-onset inborn errors of metabolism – a new diagnostic algorithm 
L. Koens, M. Tijssen, T. de Koning (Groningen, Netherlands) 
Objective: We propose a novel diagnostic algorithm to help clinicians to diagnose inborn errors of metabolism 
(IEM) in adolescents and adults that present with a movement disorder. 
Background: IEM presenting in adults are still largely unexplored. Despite the fact that adult-onset phenotypes 
have been known for many years, little attention is given to these disorders in neurological training and daily 
practice, and many neurologists find diagnosing these disorders complicated. It is important to realize that the adult-
onset presentation differs from childhood-onset phenotypes, often leading to considerable diagnostic delay. The 
identification of these patients at the earliest stage of disease is important, since early treatment may prevent or 
lessen further brain damage. 
Methods: We performed a systematic review of all papers that concerned movement disorders in late-onset IEM up 
to October 2017. Type of movement disorder, associated features, and findings during additional investigations were 
collected per IEM. Based on this systematic review, we propose a novel algorithm. 
Results: Movement disorders were present in 35 late-onset IEM. These metabolic disorders form the basis of the 
algorithm. Detailed clinical phenotyping is the diagnostic cornerstone of the approach. An underlying IEM should 
be suspected in particular in patients with more than one movement disorder or in patients with other neurological, 
psychiatric, or systemic symptoms. Furthermore, family history can give an extra clue to an IEM, even as the 
existence of specific triggers. Drugs, toxic agents, and other acquired disorders as the cause of the movement 
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disorders must be excluded. NGS is the first test of choice to confirm an IEM, whereas biochemical tests remain the 
first choice in acute-onset IEM. 
Conclusions: We propose a novel diagnostic algorithm based on clinical phenotyping and NGS, in order to increase 
the recognition of IEM in adolescent and adult patients who present with a movement disorder. With the use of 
careful and systematic clinical phenotyping combined with novel diagnostic approaches such as NGS, the diagnostic 
yield of late-onset IEM will increase, in particular in patients with milder or unusual phenotypes. 

520 
Case Series of 3 Individuals of African Descent with Dentatorubral-Pallidoluysian Atrophy 
C. Kutz, C. Bundukamara (Colorado Springs, CO, USA) 
Objective:  
To analyze the demographics, genetic history, co-morbidities, and clinical presentation of three individuals of 
African descent with Dentatorubral-Pallidoluysian Atrophy (DRPLA). 
Background:  
DRPLA is a rare, autosomal dominantly-inherited disorder of the ATN1 gene characterized by myoclonus, epilepsy, 
ataxia, and dementia. The number of CAG repeats increases generationally when the ATN1 gene is paternally 
inherited. Larger repeat expansions are usually associated with earlier clinical manifestation. DRPLA is most 
commonly seen in populations of Japanese ancestry with significantly lower rates in non-Asian populations. An 
African-American family with “Haw River Syndrome” was studied in North Carolina, but it was later determined 
that Haw River Syndrome and DRPLA are the same disorder. 
Methods: Retrospective analysis of three cases of DRPLA affecting a father, son, and daughter of African descent. 
Comprehensive review of medical records was completed in a 50 year-old male from Sierra Leone with 61 CAG 
repeats in allele 1 of ATN1 gene and his 2 offspring, a son (71 repeats) and daughter (69 repeats). 
Results: Father became clinically manifest at age 38 with executive dysfunction, then progressive ataxia, and later a 
generalized seizure. Son showed signs of developmental delay at age 4 and later developed refractory, generalized 
epilepsy at age 7. He was treated with multiple anti-epileptic medications and vagal nerve stimulation as well as 
deep-brain stimulation for severe dystonia. He passed away at age 16. Daughter exhibited developmental delays in 
early childhood and started to have generalized seizures at age 11. She has less refractory epilepsy which has been 
somewhat controlled with anti-epileptic medications, vagal nerve stimulation, and CBD oil. 
Conclusions: DRPLA is not commonly seen in individuals of African descent. In these three cases, the clinical 
presentation differed among the offspring who predominantly experienced seizures, dystonia, and intellectual 
disability, whereas, the father presented predominantly with ataxia and cognitive dysfunction. 
References: Adachi N, Arima K, Asada T, Kato M, Minami N, Goto Yi, Onuma T, Ikeuchi T, Tsuji S, Hayashi M, 
Fukutani Y. Dentatorubral-pallidoluysian atrophy (DRPLA) presenting with psychosis. J Neuropsychiatry Clin 
Neurosci. 2001 Spring;13(2):258-60. Citation on PubMed Hayashi Y, Kakita A, Yamada M, Koide R, Igarashi S, 
Takano H, Ikeuchi T, Wakabayashi K, Egawa S, Tsuji S, Takahashi H. Hereditary dentatorubral-pallidoluysian 
atrophy: detection of widespread ubiquitinated neuronal and glial intranuclear inclusions in the brain. Acta 
Neuropathol. 1998 Dec;96(6):547-52. Citation on PubMed Ikeuchi T, Koide R, Onodera O, Tanaka H, Oyake M, 
Takano H, Tsuji S. Dentatorubral-pallidoluysian atrophy (DRPLA). Molecular basis for wide clinical features of 
DRPLA. Clin Neurosci. 1995;3(1):23-7. Citation on PubMed Ikeuchi T, Onodera O, Oyake M, Koide R, Tanaka H, 
Tsuji S. Dentatorubral-pallidoluysian atrophy (DRPLA): close correlation of CAG repeat expansions with the wide 
spectrum of clinical presentations and prominent anticipation. Semin Cell Biol. 1995 Feb;6(1):37-44. Review. 
Citation on PubMed Katsuno M, Banno H, Suzuki K, Takeuchi Y, Kawashima M, Tanaka F, Adachi H, Sobue G. 
Molecular genetics and biomarkers of polyglutamine diseases. Curr Mol Med. 2008 May;8(3):221-34. Review. 
Citation on PubMed Koide R, Onodera O, Ikeuchi T, Kondo R, Tanaka H, Tokiguchi S, Tomoda A, Miike T, Isa F, 
Beppu H, Shimizu N, Watanabe Y, Horikawa Y, Shimohata T, Hirota K, Ishikawa A, Tsuji S. Atrophy of the 
cerebellum and brainstem in dentatorubral pallidoluysian atrophy. Influence of CAG repeat size on MRI findings. 
Neurology. 1997 Dec;49(6):1605-12. Citation on PubMed Licht DJ, Lynch DR. Juvenile dentatorubral-
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pallidoluysian atrophy: new clinical features. Pediatr Neurol. 2002 Jan;26(1):51-4. Citation on PubMed Tsuji S. 
Dentatorubral-pallidoluysian atrophy: clinical aspects and molecular genetics. Adv Neurol. 2002;89:231-9. Review. 
Citation on PubMed Veneziano L, Frontali M. DRPLA. 1999 Aug 6 [updated 2016 Jun 9]. In: Pagon RA, Adam 
MP, Ardinger HH, Wallace SE, Amemiya A, Bean LJH, Bird TD, Ledbetter N, Mefford HC, Smith RJH, Stephens 
K, editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2017. Available from 
http://www.ncbi.nlm.nih.gov/books/NBK1491/ Citation on PubMed Yamada M, Wood JD, Shimohata T, Hayashi 
S, Tsuji S, Ross CA, Takahashi H. Widespread occurrence of intranuclear atrophin-1 accumulation in the central 
nervous system neurons of patients with dentatorubral-pallidoluysian atrophy. Ann Neurol. 2001 Jan;49(1):14-23. 
Citation on PubMed 

521 
Expanding the Phenotype of KCNA2 Mutation: Tics and Stereotypies 
J. Legacy, M. Burns, A. ElKouzi, W. Deeb, I. Malaty (Gainesville, FL, USA) 
Objective: To report a case of KCNA2 mutation variant with tics. 
Background: Mutations in the KCNA2 gene impact the function of a voltage-gated potassium channel and may 
cause a spectrum of epileptic encephalopathies with additional clinical features.  Most often, symptoms present 
during infancy or childhood with epilepsy, developmental delay, hypotonia, ataxia, speech difficulty, and cerebral 
atrophy seen on MRI. Pathologic variants can cause a wide spectrum of autosomal dominant neurological 
phenotypes. Tremors and myoclonus have been reported in some cases. To our knowledge, tics have not been 
reported in this disorder. 
Methods: Case report and review of literature. 
Results: We present the case of a 9-year-old female with developmental delay, hypotonia, and Lennox-Gastaut 
syndrome who presented to the movement disorder clinic for a wide range of motor and vocal tics. She had an 
uncomplicated birth, but seizure onset at 6 months, and severe delay of speech and motor milestones. She began 
having blinking, eye deviation, and hand shaking around age 4yo. Over time, she added arrhythmic facial 
contractions, humming, and compulsively touching the elbow. She had more complex sequences including chin 
protrusion-head nodding-body shivering, and stirring movements of the arms followed by throwing back the flexed 
forearms in rapid succession. She also experienced significant irregular, jerky tremors of the limbs that interfered 
with activities. She had severe spastic dysarthria as well as vocal tremor. She had a wide-based, spastic and ataxic 
gait with marked anteropulsion. (Video is presented). Behaviorally, she had compulsive tendencies of lining up all 
of her stuffed animals in a particular way and demanding that game sequences repeat the same pattern as the last 
time played. Work-up included an MRI with cerebellar, especially vermal atrophy. Chromosomal microarray, fragile 
X testing, and epilepsy gene panel were negative. Whole exome sequencing found her to be heterozygote for 
KCNA2 mutation (autosomal dominant), R297Q variant with specific mutation c.890G>A. 
Conclusions: KCNA2 mutation variants can have wide phenotypic spectrum with seizures, developmental delay, 
and movement disorder features. Some cases have reported OCD and ADHD, but our case demonstrates that tics 
may be a newly recognized feature of the spectrum. The reported cases in the literature will be summarized in table 
form. 
 
 

522 
Dysphagia in Adults with Niemann-Pick Disease Type C 
C. Lewis, M. Walterfang, A. Vogel (Melbourne, Australia) 
Objective: We aimed to (1) characterise baseline swallow function in people with NPC and (2) evaluate the impact 
of Miglustat treatment on the swallowing process. 
Background: Niemann–Pick disease type C (NPC) is a rare, hereditary neurodegenerative disease, characterised by 
progressive psychiatric and neurological deficits. Neurological symptoms include cognitive decline and swallowing 
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impairment (dysphagia). Aspiration pneumonia secondary to dysphagia is a leading cause of death in NPC. 
Miglustat, is currently the only disease-specific treatment shown to be effective in stabilising neurological 
symptoms. Miglustat has previously been reported to halt or improve early dysphagia symptoms in a paediatric NPC 
population. 
Methods: Retrospective analysis of videofluoroscopic swallow studies (VFSS) was completed for ten adults with 
NPC (mean age 28.44 years ±9.34 years). Participants were recruited through the Royal Melbourne Hospital in 
Australia between 2008 and 2015. Longitudinal data (range: 12-66 months post-baseline) were available for six 
participants. All participants in the longitudinal cohort were prescribed Miglustat at a dose of 200mg tds for the 
duration of the study. Mixed effects regression modelling was applied to data using the Penetration- Aspiration 
Scale to examine changes in swallowing over time. 
Results: Dysphagia was present in 90% of participants at baseline. Reduced lingual function was the most common 
oral phase impairment and occurred in 50% of participants. The most frequent pharyngeal deficit was a delayed 
swallowing reflex, observed in 90% of participants across all trialled consistencies. The swallowing reflex was 
initiated at the base of the valleculae in 60% and the laryngeal aperture in 30% of participants. Swallow impairment 
was stabilised during Miglustat therapy for periods up to 66 months, with no significant changes in scores (p>0.05). 
Conclusions: Findings support the hypothesis that swallowing function does not significantly change for durations 
of up to 66 months with Miglustat therapy. As dysphagia did not decline nor improve, stabilisation may be the best 
attainable outcome due to the progressive nature of the disease. Observed characteristics of dysphagia in NPC may 
be indicative of involvement of the medulla oblongata which controls motor and sensory signals necessary for 
swallowing. Incorporating VFSS into swallowing screening protocols in NPC may enhance disease management for 
respiratory and general health. 
References: 1. Vanier M. Niemann-Pick disease type C. Orphanet J Rare Dis. 2010. 2. Walterfang M, Chien Y-H, 
Imrie J, Rushton D, Schubiger D, Patterson MC. Dysphagia as a risk factor for mortality in Niemann-Pick disease 
type C: systematic literature review and evidence from studies with miglustat. Orphanet Journal of Rare Diseases 
2012;7(1):76. 3. Fecarotta S, Amitrano M, Romano A, et al. The videofluoroscopic swallowing study shows a 
sustained improvement of dysphagia in children with Niemann–Pick disease type C after therapy with miglustat. 
American Journal of Medical Genetics Part A 2011;155(3):540-547. 

523 
Cerebrotendinous Xanthomatosis presenting Parkinsonism with bilateral iron accumulation in the basal 
ganglia 
J. Li, S. Liu, E. Xu, H. Qiao, W. Mao, P. Chan (Beijing, China) 
Objective: Cerebrontendinous xanthomatosis(CTX) is a treatable, autosomal recessive, lipid storage 
disorder  disease. Herein, we present a case of CTX. It aims to refresh and improve the Parkinson's specialists’ 
understanding of the disease. 
Background: A 40-year-old man was referred to our wards with a 10-year history of progressive gait difficulty and 
imbalance, bradykinesia and involuntary shaking of both hands.  There was a history of bilateral cataracts and 
epileptic seizures. He was ever given "Madopar” for one year. But there was no effect. 
Methods: We collected neurologic examination, blood indicators, cerebrospinal fluid examination, steroid 
spectrum, abdominal ultrasound, EEG, EMG, CT, MRI, SWI, Achilles tendon pathology, gene sequencing, FDG-
PET, AV133-PET. Follow-up was performed after treatment. 
Results: Neurologic examination indicates pyramidal and extrapyramidal damage. Brain MRI shows white matter 
degeneration, and the symmetry abnormal signal of the cerebellar dentate nucleus. Positron Emission Tomography 
(PET) of vesicular monoamine transporter 2 (VMAT2) revealed normal striatal uptake (Figure A, B).  Brain SWI 
quantitative susceptibility mapping shows iron accumulation within bilateral substantia nigra, red nucleus and basal 
ganglia (Figure C, D). Achilles tendon pathology suggests multifocal xanthoma cells and multiple cholesterol 
crystals to make. Gene sequencing indicated  two heterozygous mutations in cyp27a1.The patient improved after 
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oral treatment of ursodeoxycholic acid for 2 weeks,  but  no improvement when he changed to chenodeoxycholic 
acid (CDCA) later at 12 weeks. 
Conclusions: Parkinsonism is rare and can be as the only neurological manifestation in CTX[1]. Early diagnosis and 
start at an early age can reverse or even prevent the development of neurologic symptoms in CTX[2]. Parkinsonism 
seemed as a treatment-resistant feature of CTX[2,3].Functional dopaminergic imaging showed presynaptic 
denervation in some patients[1,2]. Parkinsonism can be regarded as advanced disease manifestations and are often 
under underestimated. The mechanism of Parkinsonism in CTX is not clear. In this paper, brain SWI image suggests 
iron deposition in substantia nigra, red nucleus and basal ganglia, which may be related to the mechanism of 
Parkinsonism and unreported before. 
References: 1.Mignarri A, Falcini M, Vella A, etal. Parkinsonism as neurological presentation of late-onset 
cerebrotendinous xanthomatosis. Parkinsonism Relat Disord. 2012 Jan;18(1):99-101. doi: 
10.1016/j.parkreldis.2011.06.004. Epub 2011 Jul 20. 2.Bianca M.L. Stelten, MD, Hidde H. Huidekoper, MD, PhD, 
etal. Long-term treatment effect in cerebrotendinous xanthomatosis depends on age at treatment start. Neurology 
2019;92:1-13. doi:10.1212/WNL.0000000000006731. 3. Movement disorders in cerebrotendinous xanthomatosis. 
Parkinsonism Relat Disord. 2018 Jul 19. pii: S1353-8020(18)30310-9. doi:10.1016/j.parkreldis.2018.07.006. [Epub 
ahead of print] 
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524 
Dystonia as a main clinical feature of AAMR with a novel GMPPA mutation:A case report 
S.L. LI, H. Wang, L. Wang, Y. Guo, X.H. Wan, H.P. LI, J.Y. SHI (Peking, China) 
Objective: To extend the spectrum of clinical phenotype in the alacrima, achalasia and mental retardation 
syndrome(AAMR) by reporting a case. 
Background: AAMR is a newly described rare autosomal recessive disorder characterized by alacrima, achalasia 
and mental retardation usually in early life caused by mutation in the guanosine diphosphate (GDP)-mannose 
pyrophosphorylase A(GMPPA) gene.To date, only 18 cases had been reported.Most cases share the three main 
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features.Less frequently phenotype includes hypotonia, gait abnormalities and visual/hearing impairment.To better 
clarify the spectrum of the disease and further recognize genotype-phenotype correlations of this syndrome,detailed 
phenotypic reports of new cases with AAMR, as well as new deleterious mutations are in demand 
Methods: A 27-year-old Chinese woman presented with bilateral tremor for 18 years,aggravating abnormal gesture 
in trunk and neck for 1 year.Feeding difficulties and frequent vomiting was noted after a normal full-term 
birth.Delayed mental development,speech delay and short stature were present. At 7 years old,she was found to have 
achalasia and received operation with partial remission of vomiting.No family history was presented.Protruding 
chin,sparse hair,a short philtrum,downturned corners of the mouth and scoliosis were present.Neurological 
Examination showed cognitive decline(MMSE23,MoCA12),dystonia involving craniofacial segment,four limbs and 
trunk.No other abnormal signs were present.She had xeroma assessing by tear breaking-time(BUT), fluorescein 
staining (FS) and Schirmer test. Other tests such as organic acids,ceruloplasmin,blood smear,autoimmune antibodies 
and brain MR were normal.As alacrima, achalasia and mental retardation were present, AAMR was 
suspected.GWAS was performed and showed novel homozygous missense mutation in GMPPA 
c.377T>C(p.Met126Thr). Western blot of cells from the patient showed absence of GMPPA compared with 
controls. As no gene mutations associated with dystonia were found,it’s reasonable to regard dystonia as a new 
phenotype of AAMR. DBS surgery was performed and relieved most of dystonia in 1 month.Long term follow-up is 
needed to evaluate further effects. 
Results: We diagnose the patient as AAMR and dystonia related to GMPPA confirmed by gene testing with good 
response to DBS. 
Conclusions: Dystonia could be a clinical symptom of AAMR related to GMPPA mutation and would respond to 
DBS. 
References: 1. Koehler K, et al. Am J Hum Genet. 2013 Oct 3;93(4):727-34. 2. Benítez EO,et al. Mol Syndromol. 
2018 Feb;9(2):110-114. 
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Correlations between genetics and cortical dysfunction of paroxysmal kinesgenic dyskinesia 
Y. Liu, Y. Chen, Y. Wu (Taipei, Taiwan) 
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Objective: To delineate the cortical function of paroxysmal kinesigenic dyskinesia (PKD) and correlate with the 
genotypes of patients. 
Background: PKD is characterized by episodic involuntary movements triggered by initiation of movements. PKD 
was conventionally regarded as a movement disorder involving the basal ganglia (BG). However, the patients often 
have epilepsy and respond excellently to antiepileptic drugs, like oxacarbazepine (OXC). PRRT2 mutations, the 
most common genetic etiology of PKD, can also cause epilepsy syndromes. These facts suggest the brain cortex is 
affected in PKD. 
Methods: 20 patients, including  4 with a pathogenic PRRT2 mutation, and 19 age-matched healthy controls were 
evaluated by functional magnetic resonance imaging. The fractal dimension (FD) and cortical volume (CV) indexes 
were calculated to quantify the morphology alteration. The diffusion tensor images (DTI) parameters included 
fractional anisotropy (FA) and mean diffusivity (MD). The local functional abnormalities were analyzed using 
fractional amplitude of low frequency fluctuations (fALFF), regional homogeneity (ReHo) and voxel-mirrored 
homotopic connectivity (VMHC). Structural covariance networks were used to examine network properties. 
Results: In PKD patients, FD and CV of BG and the limbic system (LS) reduced significantly, FA of anterior 
thalamic radiation and uncinate fasciculus also decreased, but FD of the cerebellar vermis increased. The patients 
who need regular medication had a greater aberrance of fALFF/ReHo/VMHC in the cerebellum, orbital frontal and 
precuneus gyri, indicating attenuated inhibition of the sensorimotor network (SMN). The values of FD co-variated 
with a small group of neighboring regions, but not a large group. This echoed the relatively benign nature of PKD as 
compared with epilepsy. The cerebellum, supramarginal gyrus and parietal gyrus were regions affected most in 
PRRT2-PKD, indicating the pathogenic impacts of PRRT2 mutations on the cerebellum and SMN. OXC could 
normalize above dysfunction, explaining the excellent response of PRRT2-PKD to OXC. 
Conclusions: This study pointed out PKD a network disease with BG, LS, SMN and cerebellum the majorly 
affected functional regions. Our results also provide the cortical dysfunction related to PRRT2 mutations and the 
effect of pharmacotherapy modulational. The correlation between genetics and neurophysiology can advance our 
understanding of the pathogenesis of PKD. 

526 
NKX2-1-Related Disorder with Cerebral Folate Deficiency 
J. MacLean, Q. Luc, L. Ramos-Platt, S. Saitta, C. Quindipan (Los Angeles, CA, USA) 
Objective: To describe a patient with a de novo NKX2-1 mutation and low CSF 5-methyltetrahydrofolate (5MTHF) 
who had mild improvement in fine motor control after initiating leucovorin treatment. 
Background: NKX2-1 is a highly conserved transcription factor expressed during organogenesis of the lungs, 
thyroid and forebrain particularly the basal ganglia and hypothalamus [1]. NKX2-1-related disorders range from 
benign hereditary chorea to choreoathetosis, congenital hypothyroidism and neonatal respiratory distress.  While 
described as “benign,” chorea can cause significant motor impairment.  Cerebral folate deficiency has a variable 
clinical presentation including psychomotor retardation, dyskinesia, cerebellar ataxia, spastic diplegia.  It is 
diagnosed by low 5MTHF levels and is responsive to treatment with folinic acid [2]. 
Methods: Case Study 
Results: A 13-year-old female with congenital hypothyroidism, choreoathetosis, congenital myopathy, mild axial 
hypotonia, and asthma was found on exome testing to have a de novo heterozygous pathogenic variant 
(c.544_549delCAACAG) in the NKX2-1 gene. As part of her diagnostic evaluation, CSF studies were 
performed.  Her CSF neopterin and 5MTHF levels were slightly low at 5 (normal 8-33) and 38 (normal 40-120) 
respectively.  Leucovorin treatment was initiated at 1mg/kg/day and was well tolerated. The patient continued to 
have significant choreoathetosis but she aquired new fine motor skills such as tying her shoelaces and mild 
improvement in gait, allowing increased independent walking. 
Conclusions: This is the first reported case of a patient with NKX2-1-related disorder and cerebral folate deficiency. 
Although cerebral folate deficiency is associated with a wide range of mechanisms, the exact mechanism leading to 
the low CSF 5MTHF in this patient is unclear.  The improvement in choreoathetosis with leucovorin therapy was 
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modest; however, previous reports of cerebral folate deficiency suggest that outcome from treatment may be 
dependent on age of commencement of therapy [3]. This case introduces a new potential avenue of treatment. 
Further investigation into the relationship between NKX2-1-related disorders and cerebral folate deficiency and the 
potential efficacy of folinic acid treatment is needed. 
References: 1. Gras D, Jonard L, Roze E, et al. Benign hereditary chorea: phenotype, prognosis, therapeutic 
outcome and long term follow up in a large series with new mutations in the TITF1/NKX2- gene. J Neurol 
Neurosurg Psychiatry. 2012; 83(10): 956-62. 2. Hyland K, Shoffner J, Heales, S. Cerebral folate deficiency. J Inherit 
Metab Dis (2010) 33:563. 3. Ramaekers VT, Sequeira JM, Quadros EV. Clinical recognition and aspects of the 
cerebral folate deficiency syndromes. Clin Chem Lab Med. 2013; 51 (3): 497-511n 
 

527 
Neurological Wilson Disease: Clinical Aspects and Evolution in 10 Cases 
Y. MECHERI, F. SERRADJ, A. BOULEFKHAD, H. SEMRA, A. MZAHEM, A. HAMRI, Y. SIFI (constantine, 
Algeria) 
Objective: Describe the clinical aspects and evolution in 10 patients with neurological Wilson's disease (NWD). 
Background: Wilson's disease (WD) is a rare autosomal recessive metabolic disorder caused by mutations of the 
ATP7B gene resulting in a multisystemic copper accumulation [1]. Hepatic onset occurs in childhood and is earlier 
then neurologic onset [2]. WD has an important genotypical (more than 600 mutations) [4] and phenotypical 
heterogeneity [3]. The diagnosis involves a clinical examination, copper tests, and neuroimaging and is confirmed 
by genetic testing. The prognosis depends on early treatment by copper chelators. 
Methods: A retrospective, observational study of 3 men and 7 women from 8 different families with NWD for a 
mean duration of 3.7 years. 
Results: The average age of onset was 16.2 years and for diagnosis was 18.2 years [figure1]. Hepatic impairment 
was present in four cases, revealing the disease (n=2) or occurring afterward (n=2). In eight cases, the onset was 
neurologic by tremor (n=3), cerebellar syndrome (n=2), dystonia (n=2) or hemiparesis (n=1) [figure2].With WD 
progression, all patients had neurological symptoms [figure3]. Movement disorders were the most common (n=8) 
with oromandibular dystonia (n=4) [figure4], attitude and action tremor (n=4), distal dystonia (n=3), rest tremor 
(n=1) and chorea (n=1). Kayser-fleischer ring (KFR) was present in 7 cases. Copper tests were altered in 90% of 
patients. Brain MRI showed a symmetrical hyperintensity in basal ganglia on T2-weighted sequences in 80% of 
patients [figure5].We used D-penicillamine as a chelating treatment with maximum doses obtained gradually to 
avoid neurological worsening than decreased to a maintenance dose. The outcome was favorable in 7 cases, average 
in 2 cases and lethal in one cases; The treatment of dystonia by botulinum toxin in 2 cases was very effective.Our 
study is consistent with the literature findings regarding the age of onset, brain MRI the variability in clinical 
presentation and copper tests. However, KFR, hepatic onset, therapeutic and hepatic complications were less 
frequent. 
Conclusions: Wilson's disease is a deadly but treatable condition that should be considered in all young patients 
presenting any movement disorder, parkinsonism or any chronic hepatopathy of undetermined etiology [5] to allow 
early treatment and better prognosis. 
This abstract was presented in the 12th Maghrebin congress of neurology, December 2018, Marrakech. 
References: [1] Woimant F, Trocello JM. Disorders of heavy metals. Handbook of Clinical Neurology 
2014;120:851—64. [2] Litwin T, Gromadzka G, Członkowska A. Gender differences in Wilson’s disease. J Neurol 
Sci 2012;312(1—2):31—5. [3] A. Poujois, P. Chaine, F. Woimant, La maladie de Wilson en 2018, Pratique 
Neurologique - FMC, Volume 9, Issue 3, 2018, Pages 173-185. [4] Stenson PD, Mort M, Ball EV et al. (2014). The 
Human Gene Mutation Database. Hum Genet 133 (1): 1–9. [5] El-Youssef M. Wilson disease. Mayo Clin Proc 
2003;78:1126–36. 
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528 
Associations of Genetic, Epigenetic and Phenotypic Measures in the Dominican Republic PKAN Cohort 
F. Middleton, A. Espinoza, D. LaRocca, R. Ericson, M. Santana Jimenez, K. Wagner, P. Stoeter, C. Bass, C. Muniz, 
S. Baser (Syracuse, NY, USA) 
Objective: To explore relationships between demographic, clinical and behavioral phenotypes and underlying 
genetic and epigenetic features, utilizing a large cohort of PKAN patients. 
Background: PKAN is a progressive and debilitating autosomal recessive disorder that affects 1-3 subjects per 
million worldwide. In the southwest Dominican Republic, the prevalence of PKAN is much higher, affecting 1-2 
subjects per 1,000, but subjects appear to have the same mutation in the PANK2 gene (c.680A>G). 
Methods: We sequenced the PANK2 gene and performed extensive phenotyping of a cohort of 70 patients 
ascertained since 2007 using standardized assessments of motor function, as well as computerized assessments of 
tremor, balance and cognitive function. We also quantified salivary microRNAs in these subjects using next 
generation sequencing. Statistical analysis was performed to identify potential molecular and phenotypic 
associations in the data using hierarchical clustering, partial least squares discriminant analysis, one-way analysis of 
variance and Pearson correlation. 
Results: Four distinct phenotypic clusters were seen in the 70 patients: oromandibular (OMD), glossopharyngeal 
(GP), appendicular (AP), and low expression (LO), as well as subjects who were in the 1st stages of PKAN and not 
possible to classify. 
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328 miRNAs were identified at >10 counts in >10% of subjects. After normalization, robust positive and negative 
correlations (R > 0.7 or < -0.7) were identified between 17 distinct miRNAs and specific demographic, clinical, and 
behavioral phenotypes. These included miRNAs associated with the age of onset (1 miRNA), multiple measures of 
balance (8 miRNAs), UPDRS, UDRS or PKAN scores (4 miRNAs), tremor amplitude (1 miRNA) and BMI (2 
miRNAs). A second analysis identified a set of miRNA and clinical features that strongly distinguished subjects in 
the different phenotypic groups (Fig 1). 
 
Genetically, most subjects were homozygous for the c.680A>G missense mutation. However, one set of siblings 
was heterozygous for this variant and heterozygous for a second missense mutation in the gene. 
Conclusions: These results indicate that salivary microRNA may serve as a novel molecular tool to complement 
functional assessments. The genetic findings also indicate that screening for PKAN risk variants in the Dominican 
Republic should consider more than a single mutation. 

 

529 
Hyperkinetic Movement Disorders in Congenital Disorders of Glycosylation 
G. Mostile, R. Barone, A. Nicoletti, R. Rizzo, D. Martinelli, L. Sturiale, A. Fiumara, J. Jankovic, M. Zappia 
(Catania, Italy) 
Objective: The aim of the current study was to investigate hyperkinetic movement disorders in patients affected by 
Congenital Disorders of Glycosylation (CDG) and to characterize phenomenology based on CDG subtypes. 
Background: CDG represent an increasing number of rare inherited metabolic diseases associated with abnormal 
glycan metabolism and disease onset in infancy or early childhood. Most CDG are multi-systemic diseases mainly 
affecting the central nervous system. 
Methods: Subjects were identified from a cohort of patients with CDG who were referred to the University Hospital 
of Catania, Italy. Based on clinical description of abnormal involuntary movements, patients were evaluated by 
neurologists with expertise in movement disorders. Patients were examined and videotaped. Videos were reviewed 
by a panel of experts and a final consensus of phenomenology was obtained. 

This article is protected by copyright. All rights reserved.



Results: A variety of hyperkinetic movement disorders was detected in eight unrelated CDG patients. In patients 
with phosphomannomutase 2 CDG, the principal movement disorders included dystonia and choreo-athetosis. In 
patients affected by other CDG types, the movement disorders ranged from pure generalized chorea to mixed 
movement disorders including dystonia and complex stereotypies. 
Conclusions: Hyperkinetic movement disorder is a key clinical feature in patients with CDG. CDG should be 
considered in the differential diagnosis of childhood-onset dyskinesia, especially when associated with ataxia, 
developmental delay, intellectual disability, autism, or seizure disorder. 
References: [1] Jaeken J, Péanne R. What is new in CDG? J Inherit Metab Dis 2017; 40: 569-586. [2] Péanne R, de 
Lonlay P, Foulquier F, et al. Congenital disorders of glycosylation (CDG): Quo vadis? Eur J Med Genet 2018; 61: 
643-663. [3] Barone R, Carrozzi M, Parini R, et al. A nationwide survey of PMM2-CDG in Italy: high frequency of 
a mild neurological variant associated with the L32R mutation. J Neurol 2015; 262: 154-164. [4] Barone R, Fiumara 
A, Jaeken J. Congenital disorders of glycosylation with emphasis on cerebellar involvement. Semin Neurol 2014; 
34: 357-366. [5] Sturiale L, Barone R, Garozzo D. The impact of mass spectrometry in the diagnosis of congenital 
disorders of glycosylation. J Inherit Metab Dis 2011; 34: 891-899. 

530 
Case report: Chorea-acynthocytosis with two compoud heterozygous VPS13A large deletions 
A. Mühlbäck, D. Spieler, A. Velayos-Baeza, F. Castrop, C. Maegerlein, J. Slotta-Hispenina, B. Bader, B. Haslinger, 
J. Klempir, A. Danek (Taufkirchen, Germany) 
Objective: We report a 33 year old male patient without functional protein due to compound heterozygosity for 
VPS13A deletions and discuss the molecular diagnostic difficulties in detecting deletions using several sequencing 
approaches. We provide a comprehensive neuropsychiatric clinical follow up from childhood over several years 
including diagnostic process. 
Background: Chorea-acanthocytosis (ChAc; OMIM #200150) is a rare autosomal recessive condition caused by 
mutations in the vacuolar protein sorting 13A (VPS13A) gene encoding chorein, that is clinically characterized by 
hyperkinetic involuntary movements, specifically chorea and orolingual dystonia, presenting in early adulthood. 
Self-mutilating tongue- and lip-biting, severe flexion episodes of neck (“head drops”) and trunk (“clasping”) are also 
typical. ChAc often presents with psychiatric symptoms, but also with seizures, peripheral neuropathy and muscle 
wasting. Elevated serum creatine phosphokinase (CK) is a reliable indicator, in contrast to acanthocytosis on 
peripheral blood smear, which is not a consistent finding. 
Methods: We present the whole diagnostic process. We show the molecular diagnostic pitfalls in detecting deletions 
using only genomic DNA (gDNA) sequencing approaches and exemplify alternative methods such as RNA/cDNA 
sequencing or qRT-PCR analysis necessary to avoid false-negative results. 
Results: With manifest acanthocytosis, massively elevated CK, compatible clinical findings and neuroimaging  as 
well as onset age, and with exclusion of relevant differential diagnoses, ChAc was seriously considered as the 
patient´s diagnosis. The further genetic analysis showed the heterozygosity for two VPS13A large deletions of 1168 
and 1823 base pairs (bp) affecting, respectively, exons 8 and 9 and exon 13. 
Conclusions: Detection at the genomic DNA level of deletions affecting the VPS13A gene can be technically 
challenging and might yield false-negative results, particularly when the deletions are of a heterozygous nature. 
Methodologically, information obtained from less-common approaches such as RNA analysis or qRT-PCR is 
necessary to detect, verify or rule out a deletion. With regard to the clinical presentation, screening for chorein levels 
is strongly recommended in each patient presenting with any form of movement disorder compatible with ChAc so 
that the correct diagnosis can be arrived at and used to inform subsequent counselling and treatment approaches. 
References: Danek, A. (2004). Neuroacanthocytosis Syndromes. Dordrecht, The Netherlands: Springer. Hermann, 
A., & Walker, R. H. (2015). Diagnosis and Treatment of Chorea Syndromes. Current Neurology and Neuroscience 
Reports, 15(2), Walker, R. H., Jung, H. H., Dobson-Stone, C., Rampoldi, L., Sano, A., Tison, F., & Danek, A. 
(2007). Neurologic phenotypes associated with acanthocytosis. Neurology, 68(2), 
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531 
Longitudinal analysis of disease progression in a large PKAN cohort in the Dominican Republic 
C. Muniz, S. Baser, R. Ericson, M. Santana Jimenez, C. Bass, F. Middleton (Santo Domingo, Dominican Republic) 
Objective: To analyze the rate of disease progression of PKAN over a 12 year period in 37 patients with 
genetically-confirmed PKAN in the Dominican Republic. 
Background: PKAN is a rare generalized dystonia with recessive inheritance that slowly and relentlessly progresses 
over time in otherwise developmentally normal children. Carriers of a c.680 A>G mutation of the PANK2 gene are 
highly prevalent in the Dominican Republic allowing longitudinal follow-up and characterization of the natural 
course of the disease in a large cohort. Significant phenotypic expression has been observed with varying rates of 
severity and disease progression, making characterization of said rates relevant for treatment and prognosis. 
Methods: All patients with genetically-confirmed PKAN and at least two standardized measurements of dystonia 
severity between the years of 2007-2019 were selected. The rate of disease progression for each patient was 
calculated by subtracting consecutive score measurements and dividing the result by the time intervals between each 
measurement. To control for the effects of repeated, correlated, measurements in the same subjects over time and the 
effects of phenotypic variation between subjects, linear mixed effect model (LMM) was used, with random 
intercepts and slopes. Estimates were made by restricted maximum likelihood (REML) with an autoregressive 
(heterogeneous) covariance structure. 
Results: Two or more standardized scores with the Fahn-Mardsen (FM) and/or the Unified Dystonia Rating Scale 
(UDRS) were available for 37 patients at any of four time points (2007, 2010, 2011 and 2019) yielding a total of 105 
rated scales and a cumulative measured duration of disease of 307 years. The mean age of onset and duration of 
disease per subject were 9.7 ± 2.7 and 15.6 ± 9, respectively. The number of valid intervals of the UDRS were 30 
with a mean difference of 52.17 ± 29 and of the FM 32 with a mean difference of 34.28 ± 32.4. The average rate of 
disease progression as assessed by the UDRS was 13.3 points per year and by the FM 15.5 per year. 
Conclusions: Based on longitudinal measurements with standardized instruments, the average rate of progression of 
PKAN in the Dominican Republic is 13.3 and 15.5 points per year on the UDRS and FM, respectively. 

532 
PEX 16: EXPANDING THE CLINICAL SPECTRUM OF PEROXISOMAL BIOGENESIS DISORDERS 
D. N, J. AGADI (BANGALORE, India) 
Objective: IDENTIFICATION OF A NOVEL PEX 16 GENE MUTATION IN A YOUNG PATIENT WITH 
SLOWLY PROGRESSIVE ATAXIA AND SPASTICITY. 
Background: PEROXISOMAL BIOGENESIS DISORDERS(PBD)  ARE CHARACTERIZED BY NEONATAL 
ONSET SEVERE NEURODEVELOPMENTAL DELAY, SEVERE HYPOTONIA, CRANIOFACIAL 
DYSMORPHISM, SEIZURES, POLYNEUROPATHY, HEPATIC DYSFUNCTION AND ABNORMALITIES OF 
VISION AND HEARING. THERE ARE PREDOMINANTLY THREE CLINICAL PHENOTYPES- 
ZELLWEGER SYNDROME,NEONATAL ADRENOLEUCODYSTROPHY, INFANTILE REFSUM DISEASE. 
THERE ARE NOW CASE REPORTS OF PATIENTS WITH ATAXIA AND SPASTICITY WITH LATE  ONSET 
AND SLOW PROGRESSION ESPECIALLY WITH MUTATIONS OF PEX 2, 10 AND 16. 
Methods: DESCRIPTION OF A CASE REPORT 
Results: WE REPORT A CASE OF 12 YEAR OLD FEMALE BORN OF SECOND DEGREE 
CONSANGUINEOUS MARRIAGE, NOT CRIED IMMEDIATELY AFTER BIRTH, WITH DELAYED MOTOR 
AND LANGUAGE MILESTONES, WITH KNEE AND ANKLE CONTRACTURES, SEVERE SPASTICITY OF 
BOTH UL AND LL, CEREBELLAR ATAXIA, PENDULAR NYSTAGMUS, INTENTION TREMORS,HEAD 
TREMORS, SPASTIC AND CEREBELLAR DYSARTHRIA, TONGUE TIE, CRANIOFACIAL 
DYSMORPHISM, MILD PERIPHERAL NEUROPATHY. SIMILAR HISTORY IN YOUNGER SIBLING. SHE 
WAS A DIAGNOSTIC DILEMMA WITH NEGATIVE RESULTS FOR FRATAXIN GENE. VITAMIN E 
LEVELS AND ALFA FETOPROTEIN LEVELS WERE NORMAL.  MRI BRAIN SHOWED WHITE MATTER 
HYPERINTENSITIES SUGGESTIVE OF MILD LEUCODYSTROPHY. NERVE CONDUCTION STUDIES 
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SHOWED MILD DEMYELINATING PERIPHERAL NEUROPATHY. WHOLE EXOME SEQUENCING 
SHOWED HOMOZYGOUS MUTATION IN PEX 16 SOLVING THE MYSTERY. 
Conclusions: PEROXISOMAL BIOGENESIS DISORDERS USUALLY PRESENT IN EARLY NEONATAL 
AND INFANTILE PERIOD WITH SEVERE NEUROLOGICAL AND MULTISYSTEM ABNORMALITIES. 
NOWADYS THERE ARE EMERGING CASE REPORTS OF SLOWLY PROGRESSIVE ATAXIA AND 
SPASTICITY WITH MUTATIONS IN PEX GENES. NEXT GENERATION SEQUENCING METHODS ARE 
OF GREAT HELP IN DIAGNOSING THESE DISORDERS. HIGH INDEX OF SUSPICION IS ESSENTIAL IN 
VIEW OF WIDE VARIATION IN CLINICAL SPECTRUM. FURTHER RESEARCH IS NEEDED TO 
FURTHER ELUCIDATE THE CLINICAL SPECTRUM, MOLECULAR DIAGNOSIS AND THERAUPETIC 
INTERVENTIONS FOR PATIENTS AFFECTED WITH PEROXISOMAL BIOGENESIS DISORDERS. 

  

533 
Clinical outcome in early-treated Sepiapterine Reductase Deficiency (SRD): A case report 
F. Nardecchia, S. Galosi, F. Manti, M.T. Giannini, C. Carducci, M. Tolve, V. Leuzzi (Rome, Italy) 
Objective: To report the outcome of a 6.3-year-old girl with SRD diagnosed and treated since the fifth month of 
life. 
Background: Sepiapterin reductase deficiency (SRD) is a rare disorder of tetrahydrobiopterin biosynthesis resulting 
in impaired production of monoamine neurotransmitters (NTs). The majority of the patients presents in infancy or 
childhood with developmental delay, axial hypotonia, dystonia, weakness, oculogyric crises, and diurnal fluctuation 
of symptoms. While movement disorders improve under low-dose L-dopa and 5-OH-tryptophan, neurocognitive 
outcome is unfavourable in almost all the reported patients. 
Methods: Case report. 
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Results: This girl was born from nonconsanguineous parents after a normal pregnancy and delivery. During the first 
days of life she presented upper limb jerks that became generalized and continuous. Later on, oculogyric crises were 
noticed. At 5 months she exhibited severe motor delay, a spasmodic pattern of extensor stiffening of the head and 
trunk, hypokinesia, limb rigidity, and almost continuous oscillatory movements of the limbs, trunk, and head at rest. 
CSF analysis of NTs metabolites showed low levels of homovanillic acid, 5-hydroxyindolacetic acid, and 3-
methoxy-4-hydroxyphenylethyleneglycol, and increased levels of sepiapterin. Molecular analysis of SPRgene 
revealed p.Arg150Gly (c.448A>G) and p.Lys251* (c.751A>T) pathogenic variations. Treatment with increasing 
doses of L-dopa/carbidopa and 5-OH-tryptophan was started and resulted in a prompt improvement of movement 
disorders and achievements of motor milestones. At 12 months CSF analysis detected normal NTs levels. At 16 
months of age she was able to walk without support; dystonic postures of the upper limbs and gait abnormalities 
with impaired postural control were observed until the age of 24 months when selegiline was introduced. Language 
development was mild delayed due to an oral dyspraxia. She now attends primary school with a normal social and 
cognitive development with only a minor impairment in sustained attention and fine motor coordination. 
Conclusions: There are no outcome studies in early-treated SRD patients so far. We confirm the dramatic efficacy 
of low dosage of biogenic amine precursors on movement disorders in this disease, but also the potential 
effectiveness of a very early treatment in promoting a normal neurocognitive and neuromotor development. 
References: Leuzzi V, Carducci C, Tolve M, Giannini MT, Angeloni A, Carducci C. Very early pattern of 
movement disorders in sepiapterin reductase deficiency. Neurology. 2013 Dec 10;81(24):2141-2. Friedman J, Roze 
E, Abdenur JE, Chang R, Gasperini S, Saletti V, Wali GM, Eiroa H, Neville B, Felice A, Parascandalo R, Zafeiriou 
DI, Arrabal-Fernandez L, Dill P, Eichler FS, Echenne B, Gutierrez-Solana LG, Hoffmann GF, Hyland K, 
Kusmierska K, Tijssen MA, Lutz T, Mazzuca M, Penzien J, Poll-The BT, Sykut-Cegielska J, Szymanska K, Thöny 
B, Blau N. Sepiapterin reductase deficiency: a treatable mimic of cerebral palsy. Ann Neurol. 2012 Apr;71(4):520-
30. 

534 
Encephalomyelopathy Due to Cerebrotendinous Xanthomatosis 
A. Oliveira, L.F. Vasconcellos, B. Cordeiro, L. Najar (Rio de Janeiro, Brazil) 
Objective: To present a case in which the MRI of a patient with cerebrotendinous xanthomatosis (CTX)  revelaled 
impairment of whole neuroaxis. 
Background: CTX is a rare autosomal recessive leukodystrophy caused by mutations in the CYP27A1 gene, which 
encodes sterol 27-hidroxylase. The deficiency of this enzyme causes the accumulation of cholesterol and 
cholestanol, resulting in xanthomas in tendons, CNS, skin and other organs. Clinical and imaging aspects of CTX is 
variable. 
Methods: A 56-year-old caucasian woman presented with progressive ataxia (over 40 years), behavioral and 
cognitive impairment and dysarthria.She reported learning difficulties since childhood, episodic diarrhea and 
juvenile cataracts. Her cognitive and physical condition gradually deteriorated over years but maintaining 
independence for some activities of daily living. Her paternal grandfather and aunt had ataxia and dementia without 
diagnostic confirmation. There was no parent consanguinity. 
Physical examination revealed gait ataxia, dysmetria in 4 limbs, dysarthria, and brisk tendon reflex with bilateral 
Babinski sing. There was also bilateral pes cavus as well achilles and patellar tendons xanthomas.(Fig.1). 
Brain and spinal cord MRI showed diffuse symmetrical white matter hyperintensities on axial T2/FLAIR. (Fig. 2,3 e 
4); 
Serum cholestanol : 1,81 (Reference:0,248). 
Results: The main clinical manifestations are cataracts, premature atherosclerosis, tendon xanthomas and 
neurological impairment; 
The neuroimaging revealed brain, cerebellar and spinal cord white matter hyperintensities involving the brain, 
cerebellum and spinal cord (encephalomyelopathy); 
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Conclusions: CTX should be considered in the differential diagnosis of progressive encephalomyelopathies; 
Early diagnosis is crucial as it is a treatable inherited leukodystrophy. 

 

 

535 
Familial Creutzfeldt-Jakob disease with D178N and Met129Val 
N. Omer, E. Kahana, S. Simchoni, A. Bar-Shira, T. Naiman, A. Orr-Urtreger, B. Aminov, D. Klepikov, N. Giladi, N. 
Bregman (Tel Aviv, Israel) 
Objective: Fatal familial insomnia (FFI) and Creutzfeldt-Jakob disease (CJD) are two phenotypes that share a 
common point mutation at codon 178 of the prion protein gene (PRNP), with the substitution of aspartic acid to 
asparagine (D178N). The phenotype depends on the polymorphism at codon 129, when methionine (129M) is 
associated with FFI, and Valine (129V) with CJD. 
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Background: We here report on a Jewish family from Iraqi origin with D178N-129V genotype presenting with 
overt insomnia, cerebellar ataxia, and an atypical duration of disease. 
Methods: Patient 1, a 56 year old woman with no relevant family history, presented in 1996 with rapidly 
progressive dementia and gait ataxia. MRI showed frontal cortical but not basal ganglia or thalamic involvement. 
CSF was positive for protein 14-3-3, and genetic testing for E200K mutation in the PRNP gene was negative. Brain 
biopsy showed typical spongiform changes, and she was diagnosed with sporadic CJD. She passed away 7 years 
after symptoms onset. Her son (patient 2) presented in 2012 with rapidly progressive dementia at the age of 41 and 
was diagnosed with CJD. He died a few months later. Patient 3, her daughter, presented in 2018 at the age of 50 
with cerebellar ataxia and mild cognitive impairment. She described severe insomnia for more than a year before 
arrival. Brain MRI showed overt restriction in diffusion across the frontal, parietal and temporal cortices, with 
marked involvement of basal ganglia and thalami. Genetic analysis of the PRNP gene revealed a heterozygous 
D178N mutation in combination with the polymorphism Met129Val on both alleles (homozygous). Patient 4, her 
daughter, 45 years old, presented in 2018 suffering from severe aphasia, gait disturbances, and cognitive decline. 
Her symptoms started 8 months prior to her admission. Brain MRI was almost identical to that of patient 3. 
Results: The phenotype of patient 1 was clearly different from that of FFI and more suggestive of CJD, although the 
long duration of the disease is highly unusual for CJD. Severe insomnia was reported in the “prodromal” phase in 
patient 3, however the genetic signature that is consistent with CJD. Patients 2 and 3 both have a relatively slow rate 
of progression.  
Conclusions: Our findings support the notion that there is a phenotypic variability in the D178N genotype within 
the same family and emphasize the heterogeneity of inherited prion disease and the possibility that genetic and other 
modifiers exist. 

536 
Transcranial sonography in carriers of Gaucher disease 
F. Omrani, N. Mohammadzade, M. Rohani, Z. Omrani, B. Zamani (Tehran, Islamic Republic of Iran) 
Objective: The objectives are to  compare maximal area of SN hyperechogenicity (aSNmax) and diameter of third 
ventricle (DTV) between GBA mutation carriers and healthy controls. 
Background: Glucocerebrosidase (GBA) mutation is the most common genetic risk factor in Parkinson's disease 
(PD).Transcranial sonography (TCS) shows increased substantia nigra (SN) echogenicity in both idiopathic and 
genetic forms of PD. The goal of this study was to compare maximal area of SN hyperechogenicity (aSNmax) and 
diameter of third ventricle (DTV) between GBA mutation carriers and healthy controls. 
Methods: Twenty-six carriers of  GBA mutation and twenty-six healthy controls underwent TCS.The aSNmax and 
DTV were measured. Mini mental status examination  (MMSE) and demographic data of the subjects were 
recorded, too. 
Results: Mean aSNmax in GBA mutation carriers was significantly higher (0.31 ±  0.06 cm2 ) than controls (0.16 ± 
0.04 cm2 ). Moreover, DTV was significantly higher in GBA mutation carriers group (3.98 ± 0.90 vs 3.29 ± 0.56 
mm). 
Conclusions: Increased SN echogenicity and increased third ventricle diameter in GBA mutation carrierrs may be 
caused by alterartions in iron metabolism with reference to their genetic status. 
References: 1. Bruggemann N, Hagenah J, Stanley K, Klein C, Wang C, Raymond D, et al. Substantia nigra 
hyperechogenicity with LRRK2 G2019S mutations. Mov Disord 2011; 26(5): 885-8. 2. Walter U, Behnke S, Eyding 
J, Niehaus L, Postert T, Seidel G, et al. Transcranial brain parenchyma sonography in movement disorders: State of 
the art. Ultrasound Med Biol 2007; 33(1): 15-25. 3. Favaretto S, Walter U, Baracchini C, Cagnin A. Transcranial 
sonography in neurodegenerative diseases with cognitive decline. J Alzheimers Dis 2018; 61(1): 29-40. 4. Barrett 
MJ, Hagenah J, Dhawan V, Peng S, Stanley K, Raymond D, et al. Transcranial sonography and functional imaging 
in glucocerebrosidase mutation Parkinson disease. Parkinsonism Relat Disord 2013; 19(2): 186-91. 5. Kiferle L, 
Giuntini M, Bonuccelli U, Ceravolo R. Imaging in Glucocerebrosidase-Associated Parkinsonism: Current Status and 
Implications for Pathophysiology. Neurodegener Dis 2015; 15(5): 271-80. 6. Berg D, Godau J, Riederer P, Gerlach 
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M, Arzberger T. Microglia activation is related to substantia nigra echogenicity. J Neural Transm (Vienna) 2010; 
117(11): 1287-92. 7. Kalinderi K, Bostantjopoulou S, Paisan- Ruiz C, Katsarou Z, Hardy J, Fidani L. Complete 
screening for glucocerebrosidase mutations in Parkinson disease patients from Greece. Neurosci Lett 2009; 452(2): 
87-9. 8. Goker-Alpan O, Schiffmann R, LaMarca ME, Nussbaum RL, McInerney-Leo A, Sidransky E. 
Parkinsonism among Gaucher disease carriers. J Med Genet 2004; 41(12): 937-40. 9. Gan-Or Z, Bar-Shira A, 
Mirelman A, Gurevich T, Kedmi M, Giladi N, et al. LRRK2 and GBA mutations differentially affect the initial 
presentation of Parkinson disease. Neurogenetics 2010; 11(1): 121-5. 10. Kresojevic N, Mijajlovic M, Peric S, 
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537 
Internal pallidum stimulation reduces mobile generalized dystonia in Wilson’s disease 
S. Paschen, A. Helmers, J. Volkmann, G. Deuschl, D. Berg, K.E. Zeuner (Kiel, Germany) 
Objective: Globus Pallidus internus (GPi) deep brain stimulation (DBS) is established in treatment of dystonia. We 
evaluated safety and efficacy of bilateral GPi stimulation in a patient with severe, mobile, generalized dystonia due 
to Wilson’s disease (WD).  
Background: Copper accumulation and toxicity in WD affects multiple organs, e.g. the central nervous system, 
with subsequent risk of developing secondary dystonia. Medical treatment of secondary dystonia and tremor in WD 
can be challenging. In single cases, GPi stimulation was shown to be effective reducing mobile, secondary dystonia 
in Wilson’s disease patients.  
Methods: A 49 year old patient with an 18 year history of secondary dystonia first affecting the neck, subsequently 
changing to a generalized choreo- and ballistic like dystonic movement disorder. Medical treatment with 
botulinumtoxin, anticholinergics, penicillamine, trientine and zinc in adequate dosages did not sufficiently enough 
reduce symptoms. After exclusion of contraindications the patient underwent bilateral deep brain stimulation of the 
GPi. The primary endpoint was the change of dystonia which was evaluated using the Burke-Fahn-Marsden scale – 
movement scale (BFMDRS-M) pre and 6 month post surgery. Secondary endpoints comprised the Abnormal 
Involuntary Movement Scale (AIMS) and the Blepharospasm Disability Indix (BSDI).  
Results: Dystonic symptoms were significantly reduced by 12.5 points (32%) on the BFMDRS (pre-opepative: 39.5 
points, 6 month post GPi DBS: 27 points). Furthermore, involuntary movements decreased by 9 points (31%) on the 
AIMS (pre-op. 29, post-op.: 20) and blepharospasm by 3 points (33%) on the BSDI (pre-op. 9, post-op. 6). The 
patient died due to a sudden cardiac death 11 month postoperative. This severe adverse event was evaluated to be 
unrelated to the GPi stimulation and the surgery.  
Conclusions: GPi DBS efficiently reduced mobile generalized dystonia in a Wilson’s disease patient. The GPi DBS 
surgery and stimulation were feasibly and safe. The fatal serious adverse event of a sudden cardiac death was 
evaluated to be unrelated to the operation and the stimulation but to be possibly related to the underlying disease. 
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*This case report was presented at the "Deutscher Kongress für Parkinson und Bewegungsstörungen" in Düsseldorf, 
Germany (March 2019) 

538 
X-chromosomal Dystonia-Parkinsonism: a systematic review of published and unpublished clinical data 
M. Pauly, M. Ruiz López, H. Madoev, R. Rosales, C. Diesta, R. Jamora, S. Petkovic, N. Brüggemann, A. 
Westenberger, C. Klein, A. Domingo (Lübeck, Germany) 
Objective: To summarize and curate all published clinical data on x-chromosomal dystonia-parkinsonism (XDP) 
patients; identify relevant researches working on XDP and contact them for additional unpublished clinical data; 
establish a protected login area for unpublished data on the MDSGene database to promote exchange between 
researchers. 
Background: The MDSGene database was founded with the aim to merge and spread knowledge of genetic 
movement disorders. For 35 genes, clinical and genetic information of all published cases has been collected, 
curated and included in the database. 
Methods: We performed a standardized PubMed literature search, identifying publications referencing TAF1 
mutations. Articles were reviewed for individual clinical data of genetically confirmed mutation carriers. Clinical 
data were systematically abstracted, curated and included in the MDSGene database (www.mdsgene.org). 
Unpublished data provided by XDP research groups were systematically summarized and displayed in a separate 
area on the database. 
Results: Clinical data of 483 XDP patients described in the literature, and additionally, unpublished data of 132 
patients were collected. All patients originated from the Philippines and were male in all but three cases. The median 
age of onset was 40 years (interquartile range:35 – 46 years). In 41% of the published patients and 4% of the 
unpublished cases, there was no information regarding symptom onset with dystonia or parkinsonism. Overall, the 
unpublished data was significantly more comprehensive than the published data. In 54% of published and 77% of 
unpublished cases, the initial presentation were dystonic symptoms. Only 2%/14% first presented with 
parkinsonism. Of the patients suffering from dystonia, 54%/77% presented with craniocervical, 42%/33% with limb 
and 16%/5% with truncal dystonia. 
Conclusions: For the first time, a comprehensive collection of all published clinical data of XDP patients is 
available, extended with clinical data of unpublished cases. The comparison between published and unpublished 
data highlights the problem of data missingness in published clinical data and also revealed differences between 
frequencies of specific signs and symptoms. Systematic and comprehensive genotype-phenotype correlations are a 
prerequisite for genetic counseling and, in the future, for stratification of patients for clinical trials. 

539 
A detailed delineation of the clinical phenotype, natural history and quality of life in patients with North Sea 
Progressive Myoclonus Epilepsy 
S. Polet, L. Koens, M. van Egmond, D. Sival, E. Brusse, M. Willemsen, R. Lambrechts, O. Brouwer, G. Drost, H. 
Kremer, J. de Vries, M. de Koning-Tijssen, T. de Koning (Groningen, Netherlands) 
Objective: To report for the first time on a detailed description of the phenotype, natural history and quality of life 
(QoL) in a relatively large cohort of patients with North Sea Progressive Myoclonus Epilepsy (PME)/ Progressive 
Myoclonus Ataxia (North Sea PME/PMA). 
Background: In 2011, Corbett et al. reported for the first time homozygous mutations in GOSR2 (c.430G>T; p. 
Gly144Trp) as a novel cause of childhood-onset PME. Interestingly, the ancestors of patients apparently originate 
from countries bound to the North Sea. Until now, only 20 patients have been described. 
Methods: We collected data on clinical- and neurophysiological features of 14 patients (5-46 years) with North-Sea 
PME/PMA. We assessed QoL using the SF-36 or PedsQL questionnaire. 
Results: The clinical phenotype is quite homogeneous, very young children have frequent falls and are clumsy. 
Ataxia and areflexia become evident from the age of two years, followed by myoclonus starting around six years. 
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Myoclonus was generalized, stimulus sensitive and worse at action, suggestive of cortical myoclonus. Factors such 
as heat, fever and light(-flashes) in particular appeared to exacerbate myoclonus. Most patients developed seizures 
(n=10), often before their second decade. On perceived QoL, physical functioning was severely affected in most 
patients (adults mean 12; children mean 52; maximal score is 100, lower scores indicate worse QoL) whereas 
interestingly emotional functioning did not appear to be affected at all (adults mean 83; children mean 83). 
Nerve conduction studies (NCS) were performed in 8 patients, in 4 patients (50%) findings were most compatible 
with a sensory neuronopathy. A consistent finding was an absent H-reflex in all patients tested for it. EMG was 
performed in 5 patients, in 4 patients (80%) findings were most compatible with a motor neuronopathy. 
Conclusions: North Sea PME/PMA is characterized by a rather homogeneous clinical phenotype associated with a 
progressive early-onset ataxia, progressive myoclonus and epilepsy. Physical functioning in patients with North Sea 
PME/PMA is severely affected, but apparently does not lead to poor scores on emotional domains of health-related 
QoL. In order to gain more insight into the pathogenesis and optimize treatment of North Sea PME/PMA we 
generated a Drosophila fly model. 
References: Corbett MA, Schwake M, Bahlo M, et al. A mutation in the Golgi Qb-SNARE Gene GOSR2 Causes 
Progressive Myoclonus Epilepsy with Early Ataxia. Am J Human Genet 2011; 88: 657-663. Egmond ME, 
Verschuuren-Bemelmans CC, Nibbeling EA, et al. Ramsay Hunt Syndrome: Clinical Characterization of 
Progressive Myoclonus Ataxia caused by GOSR2 mutation. Mov. Disord 2014;29:139-143. Boissé Lomax L, Bayly 
MA, Hjlagrim H, et al. ‘North Sea’ progressive myoclonus epilepsy: phenotype of subjects with GOSR2 mutation. 
Brain 2013: 136; 1146-1154. Anderson DG, Németh AH, Fawcett KA, Sims D, Miller J, Krause A. (2016). Deep 
Brain Stimulation in Three Related Cases of North Sea Progressive Myoclonic Epilepsy from South Africa. 
Movement Disorders Clinical Practice, 4(2), 249-253. 

540 
Novel Mutation of NUS1 Gene Presenting With Developmental And Epileptic Encephalopathy and 
Movement Disorders 
N. Prakash, N. Mencacci, C. Zadikoff, L. Kinsley, T. Simuni, S. Lubbe, D. Krainc (Chicago, IL, USA) 
Objective: To report the range of movement disorders associated with a NUS1 gene mutation. 
Background: To date, pathogenic loss-of-function de novoNUS1mutations have been described in only 3 cases 
with developmental and epileptic encephalopathy (DEE). Movement disorders description in previous cases has 
been limited to either ataxia or tremors. We report a novel mutation of NUS1 gene presenting with movement 
disorders. 
Methods: Case report 
Results: A 53-year-old man presented with cognitive delay, childhood onset seizures, and abnormal body 
movements. Age of onset for seizures was 3-4 years and semiology consisted of absence, atonic and generalized 
tonic clonic seizures. Patient remains seizure free on combination of levetiracetam, clonazepam and phenobarbital. 
Pertinent neurological exam findings included cognitive impairment, dysarthria, impaired saccades, spasticity of 
legs with grade 4 hyperreflexia, action myoclonus of arms, facial myoclonus and mild appendicular ataxia with 
intentional tremors. MRI Brain showed mild global atrophy and DaTscan [figure1] was abnormal with reduced 
uptake in the right putamen. Whole exome sequencing revealed the previously unreported (absent in gnomAD) 
heterozygous truncating mutation c.99dupG; p.Asn34Glufs*100 in NUS1. This mutation was absent in his mother, 
while father’s DNA was unavailable for segregation studies. 
Conclusions: Our case confirms NUS1 mutations as a cause of DEE and expands the spectrum of movement 
disorders associated with this condition. Our patient presents with ataxia, intentional tremors and prominent action 
myoclonus of arms and facial myoclonus, likely due to cortical and cerebellar involvement. We also demonstrate 
evidence of nigrostriatal degeneration, an interesting finding in light of a recent report of NUS1 as possible 
candidate gene for early onset Parkinson’s disease. NUS1 encodes for Nogo-B receptor (NgBR) which along with 
dehydrodolichyl diphosphate synthase (DHDDS) are critical for protein glycosylation. NgBR has also been shown 
to stabilize the nascent lysosomal NPC2 protein and regulate intracellular cholesterol trafficking. Functional studies 
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in patient’s fibroblasts are ongoing to explore whether NUS1mutation lead to abnormal glycosylation and 
maturation of NPC2 and other lysosomal proteins with lysosomal storage abnormality as underlying pathology. 
The abstract will be presented at the AAN 71st annual meeting in May 2019. 
 
References: [1] F.F. Hamdan, C.T. Myers, P. Cossette, P. Lemay, D. Spiegelman, A.D. Laporte, C. Nassif, O. 
Diallo, J. Monlong, M. Cadieux-Dion, S. Dobrzeniecka, C. Meloche, K. Retterer, M.T. Cho, J.A. Rosenfeld, W. Bi, 
C. Massicotte, M. Miguet, L. Brunga, B.M. Regan, K. Mo, C. Tam, A. Schneider, G. Hollingsworth, D.R. 
FitzPatrick, A. Donaldson, N. Canham, E. Blair, B. Kerr, A.E. Fry, R.H. Thomas, J. Shelagh, J.A. Hurst, H. Brittain, 
M. Blyth, R.R. Lebel, E.H. Gerkes, L. Davis-Keppen, Q. Stein, W.K. Chung, S.J. Dorison, P.J. Benke, E. Fassi, N. 
Corsten-Janssen, E.J. Kamsteeg, F.T. Mau-Them, A.L. Bruel, A. Verloes, K. Õunap, M.H. Wojcik, D.V.F. Albert, 
S. Venkateswaran, T. Ware, D. Jones, Y.C. Liu, S.S. Mohammad, P. Bizargity, C.A. Bacino, V. Leuzzi, S. 
Martinelli, B. Dallapiccola, M. Tartaglia, L. Blumkin, K.J. Wierenga, G. Purcarin, J.J. O’Byrne, S. Stockler, A. 
Lehman, B. Keren, M.C. Nougues, C. Mignot, S. Auvin, C. Nava, S.M. Hiatt, M. Bebin, Y. Shao, F. Scaglia, S.R. 
Lalani, R.E. Frye, I.T. Jarjour, S. Jacques, R.M. Boucher, E. Riou, M. Srour, L. Carmant, A. Lortie, P. Major, P. 
Diadori, F. Dubeau, G. D’Anjou, G. Bourque, S.F. Berkovic, L.G. Sadleir, P.M. Campeau, Z. Kibar, R.G. 
Lafrenière, S.L. Girard, S. Mercimek-Mahmutoglu, C. Boelman, G.A. Rouleau, I.E. Scheffer, H.C. Mefford, D.M. 
Andrade, E. Rossignol, B.A. Minassian, J.L. Michaud, High Rate of Recurrent De Novo Mutations in 
Developmental and Epileptic Encephalopathies, Am. J. Hum. Genet. 101 (2017) 664–685. 
doi:10.1016/j.ajhg.2017.09.008. [2] F. Zhang, X. Yan, J. Xue, Q. Sun, J. Chen, B. Tang, J. Mei, Y. Zhao, L. Zhang, 
Z. Hu, X. Zhu, X. Tang, G. Wang, H. Guo, H. Cai, Z. Zhu, Y. Jiang, S.C. Li, J. Liu, G. Zhao, K. Xia, H. Shang, P. 
Chan, Z. Yue, C. Liu, X. Wu, X. Xie, R. Duan, Z. Liu, S. Sun, J. Guo, K. Li, Z. Zhang, H. Jiang, J. Li, Q. Xu, X. 
Fang, C. Chen, T. Wang, L. Shen, Coding mutations in NUS1 contribute to Parkinson’s disease , Proc. Natl. Acad. 
Sci. 115 (2018) 11567–11572. doi:10.1073/pnas.1809969115. [3] K.D. Harrison, R.Q. Miao, C. Fernandez-
Hernándo, Y. Suárez, A. Dávalos, W.C. Sessa, Nogo-B Receptor Stabilizes Niemann-Pick Type C2 Protein and 
Regulates Intracellular Cholesterol Trafficking, Cell Metab. 10 (2009) 208–218. doi:10.1016/j.cmet.2009.07.003. 
[4] E.J. Park, K.A. Grabińska, Z. Guan, V. Stránecký, H. Hartmannová, K. Hodaňová, V. Barešová, J. Sovová, L. 
Jozsef, N. Ondrušková, H. Hansíková, T. Honzík, J. Zeman, H. Hůlková, R. Wen, S. Kmoch, W.C. Sessa, Mutation 
of Nogo-B receptor, a subunit of cis-prenyltransferase, causes a congenital disorder of glycosylation, Cell Metab. 20 
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Detecting unsuspected mitochondrial disease: an algorithmic approach 
N. Pulley, C. Condon, I. Haq (Winston-Salem, NC, USA) 
Objective: To present an algorithmic approach to the diagnosis of mitochondrial disease for clinical neurologists 
Background: Mitochondrial Encephalomyopathy, Lactic Acidosis, and Stroke-like episodes (MELAS Syndrome) is 
a mitochondrial disease with a heterogeneous array of clinical and radiographic presentations which often mimic 
other neurologic diseases, rendering it challenging to diagnose. 
Methods: We present the cases of three members of a family, each with the same MELAS mutation. Patient 1 was 
diagnosed first, followed by two family members. One member was already being followed for presumed 
Parkinson’s disease; the other for migraines. Informed consent was obtained from all patients. 
Results: Patient 1 presented with the gradual onset of worsening headaches, confusion, memory loss, difficulty 
reading and writing, dizziness, and syncope. She was found to have left temporal hyperintensities on brain MRI, 
thought suspicious for neoplasm. Serum lactate was initially normal but subsequently elevated. CSF lactate was also 
elevated. Acylcarnitine labs showed mildly elevated C6-DC. Genetic testing confirmed a heteroplasmic m.3243A>G 
mutation in MTTL1. Patient 2 had intractable migraines and was found to have normal CK, MRI, TTE, and 
NCS/EMG. Serum lactate was elevated only during acute pancreatitis episodes. MELAS was confirmed with 
genetic testing. Patient 3 carried a diagnosis of Parkinson’s disease and also had no abnormalities on MRI, TTE, or 
NCS/EMG. Patient 3 has not undergone confirmatory genetic testing but continues to be followed in clinic for 
management of presumed MELAS. Pedigree and clinical details are given in Figure 1. [figure1] 
Conclusions: MELAS should be considered in patients presenting with multisystem disease, particularly when 
involving the CNS or a myopathy. If either a review of systems or family history is suggestive of mitochondrial 
disease, initial screening serum and CSF laboratory tests as well as organ-specific tests, must be obtained. If clinical 
suspicion is high, more specific laboratory testing should follow. Biopsy/staining or genetic testing are confirmatory. 
Through an algorithmic approach (Figure 2), a clinician can diagnose mitochondrial disease in a sensitive and 
efficient manner. [figure2] 
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542 
Looking “cherry red spot myoclonus” in the eyes 
G.M. Riboldi, J. Martone, J.R. Rizzo, T. Hudson, S. Frucht, J. Rucker (New York, NY, USA) 
Objective: To describe eye movements in a cohort of patients affected with Sialidosis type 1. 
Background: Sialidosis, or Mucolipidosis type 1, is a rare autosomal recessive lysosomal storage disorder caused 
by mutations in NEU1, which encodes for neuraminidase. It usually presents in the second or third decade and it is 
characterized by myoclonic epilepsy, ataxia, hyperreflexia, vision loss and the characteristic “cherry red spot 
macula”. As in Sialidosis type 2, patients can have a variety of eye movement abnormalities. To date, a detailed 
analysis of eye movements in Sialidosis type 1 has not been reported. 
Methods: We characterized clinical features in three patients with Sialidosis type 1 and NEU1gene mutations. Eye 
movements were also assessed objectively with video-oculography (VOG) (EyeLink 1000+). 
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Results: Case 1 is a 19 y.o. woman with prominent lower limb myoclonus, dysmetria, and psychiatric features. The 
Eye movement exam was suggestive of square wave jerks and macrosaccadic oscillations, saccadic pursuit and 
ocular dysmetria. VOG revealed marked difficulty with target following due to excess saccadic intrusions and 
oscillations, dynamic overshoots of saccades (saccadic hypermetria), and double saccadic pulses. Case 2 is a 40 y.o. 
man with significant upper limb myoclonus. The eye movement exam was suggestive of subtle downbeat and gaze-
evoked nystagmus, saccadic hypermetria, an abnormal trajectory of vertical saccades, and saccadic pursuit. VOG 
data were too unreliable to be useful. Case 3 is a 31 y.o. man with ataxia, upper limb myoclonus, and distal lower 
limb neuropathy. Eye movement exam and VOG showed hypometric saccades and saccadic pursuit, as well as mild 
right sixth nerve dysfunction and convergence insufficiency. All patients had vision loss and a cherry red spot 
macula. 
Conclusions: Patients affected with Sialidosis type 1 (“cherry red spot myoclonus”) may present with variable 
phenotypes, including eye movement impairment. Despite phenotypic differences,, the majority of eye movement 
deficits localize to the cerebellum. Eye movements can be invaluable in localization and in diagnosing rare 
conditions and can be explored as possible biomarkers in the setting of clinical trials. 

543 
Neuropathology in a case of HD-like syndrome caused by mutations in RNF216 
P. Santens, A. Sieben, B. Dermaut (Ghent, Belgium) 
Objective: To describe the neuropathology in a rare case of autosomal recessive HD like syndrome due to 
homozygous RNF216 mutations. To confirm the hypothesis of defective ubiquitination and to indicate the 
differences with earlier published cases with a different phenotype. 
Background: Two families with autosomal recessive HD like syndrome due to RNF216 mutations were described 
earlier by our group (1). Two siblings of one family with early-onset disease had homozygous mutations in the 
context of parental consanguinity, while two siblings of a second family had compound heterozygous mutations. In 
both families chorea and cognitive deterioration were present and hypogonadotropic hypogonadism was found. All 
affected patients had extensive white matter lesions. RNF216 mutations were earlier described as a cause of ataxia 
with dementia and hypogonadotropism (2). The pathology in these latter cases indicated underlying defects of 
ubiquitination with intranuclear inclusions. 
Methods: Neuropathological examination of the brain of one of the patients with early-onset disease and 
homozygous loss-of-function mutation in RNF216. 
Results: Similar to the pathological findings in the cases described by Margolin et al (2) atrophy of the cerebellum 
and inferior olive was prominent. There was substantial loss of Purkinje cells and inferior olive neurons, and 
additionally also of dentate nucleus neurons. Cerebellar white matter showed increased gliosis. The pontine and 
mesencephalic tegmentum were rather small. Pyramidal neurons in CA1 and CA2 of the hippocampus showed 
ubiquitin immunoreactive neuronal intranuclear inclusions. These were also detected in the substantia nigra, the 
putamen and the caudate nucleus. The latter was also mildly atrophic with loss of large neurons. 
Conclusions: This case confirms earlier findings in rare cases of neurodegenerative disorders associated with 
RNF216 mutations. There is a predominant olivo-cerebellar pathology with ubiquitin-immunoreactive neuronal 
intranuclear inclusions in the hippocampus, confirming the hypothesis of disordered ubiquitination. In our case with 
HD-like phenotype additional pathology was detected in the basal ganglia. The nature of the filaments remains to be 
demonstrated, and proteomics is currently underway. 
References: 1.Santens et al. Neurology 2015; 84(17): 1760-6. 2.Margolin et al. N Engl J Med 2013; 368(21): 1992–
2003. 

544 
Different clinical entities of Segawa syndrome within a family 
J. Sarangerel (Ulaanbaatar, Mongolia) 
Objective: We report two cases of mother and daughter, both having different expressions of dystonic movements. 
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Background: One of rare dystonic disorders is Segawa syndrome which is inherited as an autosomal-dominant trait, 
belongs to the metabolic diseases and can be medically treated. The cause of this syndrome is the mutation of the 
GCH-1 gene which encodes the enzyme called guanosine triphosphate cyclohydrolase 1. This enzyme is important 
for the development of dopamine and the lack of it causes severe movement changes.one of rare dystonic disorders 
is Segawa syndrome which is inherited as an autosomal-dominant trait, belongs to the metabolic diseases and can be 
medically treated. The cause of this syndrome is the mutation of the GCH-1 gene which encodes the enzyme called 
guanosine triphosphate cyclohydrolase 1. This enzyme is important for the development of dopamine and the lack of 
it causes severe movement changes. 
Methods: We describe the onset age and clinical features of mother and daughter, both having dystonic movements. 
Results: The daughter developed with 8 years abnormal gait, which progressed within one year to dystonic 
movements of the whole body. The diurnal fluctuation of the symptoms with worsening in the evening gave us the 
reason to think about Segawa syndrome. The genetic investigations in Chiba University Hospital, Japan, confirmed 
the GCH-1 gene mutation. 4 years before the daughter developed symptoms, the 30 years old mother claimed eye 
blinking for several years misdiagnosed as a simple tic. After 5 years of unsuccessful treatment cheek lifting 
muscles were involved into dystonic movements, and later all mimic muscles, whereas no other movement 
disturbance was noticed. 
Conclusions: The mother and daughter revealed two different clinical pictures of the dopa-responsive dystonia with 
different age of onset. 

545 
Super-urgent liver transplantation for a 62 year old with Wilson’s disease presenting with acute liver failure 
S. Shribman, A. Shenoy, W. Griffiths, A. Gimson, T. Warner (London, United Kingdom) 
Objective: We describe an intriguing case of Wilson’s disease presenting with acute (fulminant) liver failure. 
Background: Wilson’s disease usually presents between the age of 5 and 35 years [1]. Late-onset neurological and 
hepatic presentations are well described but acute (fulminant) liver failure over the age of 40 years is very rare [2]. A 
few cases have been reported including a 64-year old who did not survive [3] and a 44-year old who survived 
following transplantation [4]. 
Methods: Case report. 
Results: A 62-year-old right-handed construction worker presented with progressive exercise intolerance, leg 
swelling, diarrhoea and Raynaud’s phenomenon over four weeks before developing jaundice and then rapidly 
deteriorating with encephalopathy. His neurological examination on admission was normal but he later reported 
developing dysarthria and tremor in the upper limbs in the days before his deterioration. He had no significant past 
medical history and was extremely physically fit, regularly competing in marathons. There was no family history or 
preceding illnesses. He drank up to two units per week and did not take any medication but had started taking whey 
protein supplements several times per week around a decade earlier. He was successfully treated with super-urgent 
orthotopic liver transplantation however the post-operative course was complicated by an invasive aspergillosis 
infection in the brain and lungs. The neurological features have resolved except for a very subtle balance 
impairment. 
Conclusions: We discuss the implications of this case for the diagnosis and management of late-onset Wilson’s 
disease and the importance of considering this diagnosis at any age. We review the literature on late-onset 
presentations of Wilson’s disease, including the evolution of neurological features in acute liver failure, and 
speculate whether whey protein supplements may have contributed to this presentation. 
References: 1. Boga S, Ala A, Schilsky ML. Hepatic features of Wilson disease. Handb Clin Neurol 2017;142:91-
99. 2. Ferenci P, Członkowska A, Merle U, Ferenc S, Gromadzka G, Yurdaydin C, Vogel W, Bruha R, Schmidt HT, 
Stremmel W. Late-onset Wilson's disease. Gastroenterology. 2007 Apr;132(4):1294-8. 3. Amano T, Matsubara T, 
Nishida T, Shimakoshi H, Shimoda A, Sugimoto A, Takahashi K, Mukai K, Yamamoto M, Hayashi S, Nakajima S, 
Fukui K, Inada M. Clinically diagnosed late-onset fulminant Wilson's disease without cirrhosis: A case report. 
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World J Gastroenterol. 2018 Jan 14;24(2):290-296. 4. Kerber A, Sarrazin C, Allers C, Markus B, Engels K, Caspary 
W, Zeuzem S. 44-year-old patient with fulminant liver failure. Internist (Berl). 2003 Oct;44(10):1301-7. 

546 
The effect of ATP13A2/PARK9 levels on a-syn spreading in mice brains 
T. Tsunemi, Y. Ishiguro, A. Okuzumi, A. Yoroisaka, N. Nukina, N. Hattori (Tokyo, Japan) 
Objective: The purpose of this study is to analyze the effect of ATP13A2/PARK9-mediated a-syn secretion on a-
syn spreading in mice. 
Background: Recent studies with cell culture models, mouse models and human brains have demonstrated that 
alpha synuclein (a-syn) pre-formed fibrils (pffs) transfer between neurons and spread in the brains, raising the 
possibility that Parkinson’s disease (PD) is similar to Prion disease, at least in the process in the propagation of 
pathological proteins.   We and others have reported that ATP13A2/PARK9, of which deficiency leads to one of the 
monogenic forms of PD, originally described as Kufor-Rakeb syndrome, is involved in a-syn secretion.  While 
PARK9 deficiency results in increased a-syn levels, enhanced levels of PARK9 can attenuate a-syn accumulation in 
cultured neurons.  In order to test PARK9-mediated alternations of a-syn levels in vivo, we plan to investigate 
whether PARK9 affects a-syn spreading in mouse brains. 
Methods: To investigate the effect of PARK9 levels on a-syn spreading in brains, we inoculated 2.5 ug of mouse 
pffs into the right striatum of Atp13a2-decicitnt mice, and three months after the inoculations, after euthanized and 
fixed, we stained the sections with phosphor-a-syn specific antibodies.  In order to analyze the effect of increased 
levels of PARK9, we injected PARK9-expressing lentivirus one week before pff inoculation at the same right side 
of striatum. 
Results: We did not observe any difference between Atp13a2-decicitnt and wild-type mice in terms of a-syn 
spreading, while PARK9 overexpression lead to a decrease in a-syn spreading.  Instead, pffs tended to locarize in the 
area where pffs were inoculated, suggesting the possibility of enhanced PARK9-mediated a-syn secretion from 
soma, which contributed to a reduction of pffs available for axonal transport to synaptic terminals. 
Conclusions: Our results demonstrate that PARK9 levels alter a-syn spreading in the brains, highlighting a close but 
complex linkage between protein secretion and transmission systems, and providing a novel target for haulting 
pathological progression of not only Kufor-Rakeb syndrome but also of PD and related synucleinopaties. 

547 
HGprt deficient brain RNA expression patterns reveal specific abnormalities related to neuronal function in 
a mouse model of Lesch-Nyhan disease. 
J. Visser, C. Klemann, G. Martens (Nijmegen, Netherlands) 
Objective: To determine the effect of hypoxanthine guanine phosphoribosyl transferase (HGprt) deficiency on 
mouse brain RNA expression patterns in multiple brain areas, during embryonic development and juvenile period. 
Background: Lesch-Nyhan disease (LND) is a metabolic disorder with a characteristic neurobehavioral phenotype 
dominated by generalized dystonia, specific cognitive deficits, and incapacitating self-injurious behavior. LND is 
caused by a mutation in HPRT1, the gene encoding the purine salvage enzyme HGprt. Microarray-studies in cell 
models, immunohistochemistry studies in HGprt-deficient mice [1] and post-mortem studies in patients [2] have 
suggested that HGprt deficiency causes abnormal neural development and differentiation of particularly the 
dopamine system. However, prior studies have failed to elucidate the molecular mechanism underlying abnormal 
brain development due to HGprt deficiency. 
Methods: HGprt deficient as well as control cryo-punched mouse brain samples, at embryonic age E16.5 (7 brain 
areas) and postnatal age P30 (8 brain areas), were subjected to RNA sequencing in triplicate. Transcript expression 
was quantified (Salmon), differential expression analyzed (Deseq2) and higher-level biological functions interpreted 
using gene set enrichment and pathway analyses (KEGG, Gene Ontology). 
Results: When the sequence data are clustered into midbrain, subcortical and cortical regions, pilot pathway 
analyses indicate that HGprt deficiency is associated with clear abnormalities in gene expression that appear often 
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specific for both brain region and age. Functional analysis suggested significant roles for neuroactive ligand-receptor 
interaction (KEGG) and aspects of ion channel function at synaptic levels (Gene Ontology). 
Conclusions: Deficiency of HGprt, generally considered a global ‘housekeeping enzyme’, is associated with 
temporal and spatial abnormalities in RNA expression patterns that suggest specific abnormal neuronal function. 
These data can be used for hypothesis generation and testing, in HPRT1 deficient cell or animal models, to elucidate 
the molecular mechanisms underlying the abnormal brain development in Lesch-Nyhan disease. 
References: [1] Witteveen JS, Loopstok SR, Luque Ballesteros L, et al. HGprt deficiency affects early brain 
development in vivo in a mouse model of Lesch-Nyhan disease. Abstract at MDS 2019. [2] Gottle M, Prudente CN, 
Fu R, et al. Loss of dopamine phenotype among midbrain neurons in Lesch-Nyhan disease. Ann Neurol 
2014;76(1):95-107. 

548 
Acquired hepatocerebral degeneration treated with calcium disodium edetate chelation 
Z. Voysey, L. Azzopardi, B. Fiddes, S. Bradberry (Romford, United Kingdom) 
Objective: To evaluate the efficacy of calcium disodium edetate (CaNa2EDTA) chelation as a treatment for 
acquired hepatocerebral degeneration. 
Background: Acquired hepatocerebral degeneration is a rare complication of liver cirrhosis occurring 
predominantly through manganese accumulation in basal ganglia, manifesting most commonly as dyskinesia, 
parkinsonism, cognitive decline, neuropsychiatric symptoms and ataxia. Treatment options lack a strong evidence 
base and are limited anecdotally to liver transplant or reversal of portosystemic shunt (1), chelation with trientine (2) 
or branched chain amino acid therapy (3). CaNa2EDTA chelation therapy has been used with good effect in cases of 
hepatocerebral degeneration secondary to environmental exposure to manganese (4), but has rarely been trialled in 
acquired hepatocerebral degeneration cases. 
Methods: Case report and review of the literature. 
Results: We report a case of a 71 year old lady who presented with an 18 month history of orobuccal dyskinesias, 
cognitive decline, disinhibition and gait disturbance. MRI brain revealed typical bilateral symmetrical basal ganglia 
T1 hyperintensity, alongside significantly elevated serum manganese (765nmol/L, normal range 72.8-218.5nmol/L). 
There was no exposure history to suggest environmental manganism. The presence of cirrhosis secondary to non-
alcoholic fatty liver disease led to a diagnosis of acquired hepatocerebral degeneration. Liver transplantation and 
reversal of portosystemic shunting were not options in our patient’s case, and oral trientine was not available. We 
therefore elected to administer CaNa2EDTA chelation (75mg/kg intravenously daily for 5 days). There was a 
marked increase in manganese clearance (urinary manganese 363 to 2967nmol/24hour collection; serum manganese 
765 to 652 nmol/L) accompanied by a concomitant rapid, marked and objective improvement in the patient’s gait, 
cognition and involuntary movements, which was sustained at review at five months.  
 
This is the second report (5) of calcium disodium edetate (CaNa2EDTA) chelation bringing symptomatic benefit in 
acquired hepatocerebral degeneration. 
Conclusions: This case suggests that CaNa2EDTA chelation may represent an efficacious treatment for acquired 
hepatocerebral degeneration as well as environmental manganism. Larger studies are needed to evaluate this more 
robustly. 
References: 1. Shin H, Park HK. Recent updates on Acquired Hepatocerebral Degeneration. Tremor Other 
Hyperkinet Mov 2017;7 2. Park HK, Kim SM, Choi CG, Lee MC, Chung SJ.Effect of trientine on manganese 
intoxication in a patient with acquired hepatocerebral degeneration. Mov Disord 2008;23:768-770 3. Ueki Y, Isozaki 
E, Miyazaki Y, Koide R, Shimizu T, Yaki K et al. Clinical and neuroradiological improvement in chronic acquired 
hepatocerebral degeneration after branched-chain amino acid therapy. Acta Neurol Scand 2002; 106: 113-116 
4.Herrero Hernandez E, Discalzi G, Valentini C, et al. Follow up of patients affected by manganese-induced 
Parkinsonism after treatment with CaNa2EDTA. Neurotoxicology 2006 May; 27(3):333-9 5. Akyildiz A, Parlaz A, 
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Kiylioglu N, Tataroglu C, Akyol A. Chronic acquired hepatocerebral degeneration: the effect of CaNa2EDTA 
chelation. J Neurol Sci [Turk] 2013 30: (3) 37; 579-582 

549 
MDS Rare Movement Disorders Study Group Global Genetic Testing Survey: exploring the unmet needs 
R. Walker, H. Jinnah, M. Rodriguez Violante, C. Gonzalez, E. Gatto (New York, NY, USA) 
Objective: To better understand access to genetic testing at the international level. 
Background: One of the objectives of the Rare Diseases Study Group (RDSG) of the International Parkinson 
Disease and Movement Disorder Society (IPMDS) is to improve the diagnosis and management of rare movement 
disorders 
Methods: We conducted an observational, cross-sectional study. Members of the RDSG designed a 21-question on-
line survey, which was electronically mailed to all 7815 members affiliated with IPMDS. 
Results: 1269 surveys (=16% response rate; 93.0% fully completed) were received from 109 countries. 53.8% of 
respondents reported > 10 years in clinical practice. 45.4% of respondents identified themselves as movement 
disorders specialists or consultants. 
Almost 90% of respondents were primarily involved in clinical care. Patients were found to have 10 times less 
access to a movement disorder specialist or a pediatric neurologist than a general physician and 25-33 times less 
access to a genetic specialist. Access to specific tests (whole exome sequencing and genetic panels for 
Parkinsonism, dystonia, ataxia and other disorders) were limited and considered unaffordable for 35-40% of 
respondents. Genetic tests for ataxias and Huntington’s disease were the most commonly available tests at the 
respondents’ home institutions (available to 40%-43%, respectively). For other tests [HD-like, metabolic disorders, 
etc.] average availability was 26%. 
Most genetic tests were provided by universities and academic centers (52.8%), followed by private institutions 
(40.8%), and government or public institutions (36%) with some overlap in resources.  The cost of testing was 
reported to be covered by patients (65.4%), government or public health insurance (55.8%), and private health 
insurance companies (33.7%). A national network for genetic testing was reported by only 36.7%;   >60% of 
respondents answered that they were not aware of an international agreement for genetic testing. 
Conclusions: Despite limitations, this survey is an initiative to highlight the major global challenges and disparities, 
not only for the availability of genetic testing, but also for access to movement disorders specialists and genetic 
clinics for movement disorders. 
 
 

550 
HGprt deficiency affects early brain development in vivo in a mouse model of Lesch-Nyhan disease 
J. Witteveen, S. Loopstok, L. Luque Ballesteros, A. Boonstra, N. van Bakel, W. van Boekel, G. Martens, J. Visser, S. 
Kolk (Nijmegen, Netherlands) 
Objective: To determine the effects of hypoxanthine guanine phosphoribosyl transferase (HGprt) deficiency on 
early brain development in vivo, in a HPRT1-deficient mouse model. 
Background: Lesch-Nyhan disease (LND) is a metabolic disorder with a characteristic neurobehavioral phenotype 
that is dominated by generalized dystonia, specific attention and executive cognitive deficits, and incapacitating self-
injurious behavior. LND is caused by a mutation in HPRT1, the gene encoding the purine salvage enzyme HGprt. 
Microarray-studies in cell models have linked HGprt loss with aberrant expression of transcription factors involved 
in dopaminergic neuronal development and differentiation. Post-mortem studies in patients confirmed that HGprt-
deficient midbrain dopamine neurons fail to express their usual biochemical markers [1]. Therefore, it has been 
hypothesized that HGprt deficiency causes abnormal dopaminergic development. This hypothesis warrants 
confirmation in the intact developing brain. 
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Methods: Mouse brains of specific embryonic ages were subjected to immunohistochemistry, focusing on migration 
and proliferation of midbrain dopaminergic (TH+) cells,* structural organization of radial glia, structural 
organization of presumptive SN and VTA areas, as well as multiple cortical dopaminergic target areas. Results from 
HGprt-deficient embryos were compared with wildtype littermate controls. 
Results: In the HGprt-deficient developing midbrain, we found aberrant proliferation and migration patterns of early 
dopaminergic neurons and abnormal structural organization of radial glia fibers supporting this migration, with 
differences along the rostro-caudal axis. In addition, dopaminergic subpopulation development and structural 
organization of the presumptive SN and VTA areas were affected. HGprt deficiency was also associated with 
changes in TH+ innervation of cortical areas and abnormal layering of the cortex. 
Conclusions: HGprt-deficiency, generally considered a ‘housekeeping enzyme’, is associated with profound 
specific abnormalities in the early development of the midbrain dopamine system, as well in other brain areas, 
including the cerebral cortex. It is suspected that this abnormal neural development results in the neural substrate of 
the complex neurobehavioral phenotype of LND. 
References: [1] Gottle M, Prudente CN, Fu R, et al. Loss of dopamine phenotype among midbrain neurons in 
Lesch-Nyhan disease. Ann Neurol 2014;76(1):95-107. * Pilot results of this study have been presented at MDS 
2016. 

551 
Clinical and genetic features of paroxysmal kinesigenic dyskinesia (PKD) studied with whole exome 
sequencing (WES) 
Z. Xu, Z. Lu, C.K. Lim, S.C. Low, E. Ng, A.H. Tan, S.Y. Lim, E.K. Tan, L. Tan (Singapore, Singapore) 
Objective: We aim to investigate the clinical and genetic features of PKD in a large cohort of patients in with WES. 
Background: PKD is a rare movement disorder characterized by brief attacks of dystonia and/or choreoathetosis 
triggered by sudden movements. The first causative gene, PRRT2 was identified in 2011 [1]. However, 
approximately 20% of familial cases and 65% of sporadic cases of PKD remain genetically unexplained [2]. Recent 
advances in next generation sequencing has resulted in an explosion in the genes  associated with PKD, including 
SCN8A,DEPDC5,SCL2A1. 
Methods: Patients were recruited from Singapore between 2002 and 2018 and Malaysia in 2016. Subjects had been 
diagnosed with PKD according to established clinical criteria underwent a standardized interview to characterize the 
movement disorder Venous blood samples were collected, and DNA extracted for WES was performed. Genes 
known to be associated with the paroxysmal movement disorders were screened. Analysis of sequences was 
performed to determine potential pathogenic mutations. 
Results: A total of 88 subjects were included in the study, of which there were 54 index cases where genetic testing 
was performed. 29 probands had earlier been screened using targeted gene sequencing: 15 were identified to be 
PRRT2 positive and 14 PRRT2 negative. A total of 39 probands underwent WES. Of these 39 probands, 12 were 
identified to have PRRT2mutations including 2 subjects with previously unreported novel point mutations in 
PRRT2. Four subjects had mutations identified in other rarer gene mutations known to be associated with PKD : 2 
subjects had mutations in DEPDC5and 1 subject each with SLC20A2and SCN8A. Multiple gene mutations were 
identified in 6 subjects (see Table 2). Clinical information is presented in Table 1. In the remaining 23 
subjects,mutations in the genes known to be associated with the paroxysmal movement disorders were not 
identified. 
Conclusions: In PKD, PRRT2remains the most common genetic mutation identified. We confirm in our study that 
DEPDC5, SLC20A2 and SCN8Amutations can also be found in our population and are probably not as uncommon 
causes of PKD. We also report patients with multiple gene mutations. The use of WES has enabled the detection of 
mutations associated with PKD, and developments in NGS will enable better genetic phenotyping of this disorder. 
References: 1. Chen, W.J., et al., Exome sequencing identifies truncating mutations in PRRT2 that cause 
paroxysmal kinesigenic dyskinesia. Nat Genet, 2011. 43(12): p. 1252-5. 2. McGovern, E.M., E. Roze, and T.J. 
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Counihan, The expanding spectrum of paroxysmal movement disorders: update from clinical features to 
therapeutics. Curr Opin Neurol, 2018. 31(4): p. 491-497. 
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552 
Hypophosphatasia presenting as parkinsonism with compound heterozygous mutations in ALPL gene 
W.F. Yu, Z.X. Zhao, L.W. Liu, J.L. Hu, F.F. Wang, Y.M. Liu (Jinan, China) 
Objective: We report a hypophosphatasia patient presenting as parkinsonism, characterized by compound 
heterozygous mutations in ALPL gene. 
Background: Hypophosphatasia (HPP) is a rare metabolism disease, caused by loss of function mutation in the 
ALPL gene. The typical manifestations are commonly considered as bone fractures, tooth loss and other 
musculoskeletal disorders. Although neurological symptoms can also be seen in patients with HPP, such as fatigue, 
sleep disorder anxiety and depression, movement disorders are seldomly reported, especially parkinsonism. 
Methods: Analysis of a patient with HPP who suffered from parkinsonism signs, including tremor and rigidity, 
through the methodology of neurological examination, neuroimaging, bone mineral density, biochemical and gene 
detection. The sanger sequencing of DNA was also conducted in patients to verify the genotypes of them. 
Results: We reported a 26-year-old man with a 3-year history of parkinsonism, including rest tremor, rigidity and 
gait disorders, who were suffering from HPP. He was ever diagnosed as depression and anxiety. Neurological 
examination showed rest tremor in both upper extremities and rigidity of the extremities. Brain magnetic resonance 
imaging (MRI) did not reveal any abnormalities in the brain. Bone mineral density was in normal range. However, 
biochemical detection showed that the serum level of alkaline phosphatase was decreased (19U/L, references: 45-
125U/L). Gene detection was performed showing two mutations in ALPL gene (ALPL, NM_0004 78(C), exon5, 
c.407G>A, p.R136H; ALPL, NM_0004 78(C), exon6, c.532T>C, p.Y178H). Further parental verification confirmed 
that the two mutations were from different chromosomes, indicating that the genotype of the patient was compound 
heterozygous mutations in ALPL gene. The diagnosis of hypophosphatasia was established. Although the patient 
responded well to levodopa initially, the parkinsonism manifestations improved less and showed great motor 
fluctuation as time prolonging. 
Conclusions: Hypophosphatasia could also present as parkinsonism, while the effects of levodopa and dopamine 
receptor agonists seemed limited. 
References: [1]. Colazo JM, Hu JR, Dahir KM, Simmons JH. Neurological symptoms in Hypophosphatasia. 
Osteoporos Int 2018. [2]. Mornet E. Hypophosphatasia. Metabolism 2018; 82:142-155. 
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553 
Increased level of a lysosomal phospholipid, BMP, in urine of LRRK2 G2019S mutation carriers with or 
without Parkinson’s disease: implications for therapeutic development 
R. Alcalay, F. Hsieh, S. Padmanabhan, M. Baptista, C. Kehow, S. Narayan, A. Boehme, K. Merchant (NEW YORK 
CITY, NY, USA) 
Objective: To study alterations in urinary phospholipids as biomarkers of LRRK2 mutations and Parkinson’s 
disease (PD) status. 
Background: LRRK2 mutations are a common cause of dominantly inherited PD. Previous studies showed 
decreases in urine levels of di-docohexaenoyl (22:6) bis(monacylglycrerol) phosphate (di-22:6-BMP) in LRRK2 
knockout mice and in non-human primates treated with LRRK2 kinase inhibitors.  We hypothesized that urine levels 
of BMP isoforms are higher among PD-causing gain-of-function mutation, LRRK2 G2019S. 
Methods: Using ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), we 
analyzed 56 distinct species of bioactive phospholipids in urine from the LRRK2 Cohort Consortium (LCC, n=80). 
To confirm the key findings from the LCC samples, we analyzed urine from an independent Columbia University 
Irving Medical Center (CUMIC) LRRK2 Cohort (n=116) focusing on three BMP species. BMP levels were 
normalized to creatinine and compared across four groups (LRRK2 G2019S carriers and non-carriers with and 
without PD). Receiver Operating Characteristic (ROC) models were constructed to estimate the predictive value of 
urine BMP for PD status in the LRRK2 mutation carriers. 
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Results: In both cohorts, urine BMP isoforms (di-18:1-BMP, di-22:6BMP, 2,2’-di-22:6, 2,2’-di-18:1-BMP) were 
higher in G2019S carriers compared to non-carriers with and without PD (p<0.0001 for each isoform). Moreover, 
di-18:1-BMP levels were significantly higher in LRRK2 G2019S carriers with PD compared to those without PD in 
the CUIMC cohort (5.81 ng/mg of creatinine versus 3.43 ng/mg of creatinine; p=0.0495). 
Conclusions: Urine BMP levels are strongly associated with LRRK2 mutation status, and modestly with PD status 
among G2019S carriers. These data support the importance of BMP in LRRK2 biology and the use of urinary BMP 
as a biomarker of LRRK2 activity in dose selection and patient enrichment. 

554 
TFEB-driven expression prevents neurodegeneration in a multiple system atrophy mouse model 
M.L. Arotcarena, M. Bourdenx, N. Dutheil, M.L. Thiolat, E. Doudnikoff, S. Dovero, A. Ballabio, P.O. Fernagut, W. 
Meissner, E. Bezard, B. Dehay (Bordeaux, France) 
Objective: To explore the potential neuroprotective effects of overexpressing the transcription factor EB in a MSA 
mouse model . 
Background: Synucleinopathies are neurodegenerative diseases characterized by the presence of α-synuclein-
positive intracytoplasmic inclusions into the central nervous system. Increasing evidence indicates that impairment 
of lysosomal function may contribute to the pathogenesis of the synucleinopathies, including Parkinson’s Disease 
(PD) and Multiple system atrophy (MSA). The transcription factor EB (TFEB) is a master gene of lysosomal 
biogenesis which coordinates the expression of lysosomal genes leading to an induction of autophagy. It has been 
demonstrated that overexpressing TFEB in a rat parkinsonian model triggers the restauration of the lysosomal 
machinery which leads to an enhancement in the clearance of α-synuclein, finally leading to neuroprotective effects 
[1]. 
Methods: We used a transgenic mouse model of MSA, the PLP-Syn mouse model, which overexpresses the human 
wild-type-α-synuclein in oligodendrocytes under the mouse myelin proteolipid protein (PLP) promoter. By 
combining a viral-based approach to overexpress TFEB under a neuronal or an oligodendroglial promoter, we 
investigated the effects of cell-specific targeting TFEB overexpression on neurodegeneration, α-synuclein clearance 
and lysosomal machinery using both histochemical and biochemical approaches five months following intranigral 
injection in this mouse model of MSA. 
Results: We provide evidence that only specific oligodendroglial overexpression of TFEB leads to neuroprotective 
effects associated with an increased clearance of the protein α-synuclein into the oligodendrocytes after autophagic 
machinery recovery with increased lysosome biogenesis and lysosomal activity. We also confirmed the neurotrophic 
effects induced by TFEB overexpression in this MSA mouse model. In addition, we observed defects in TFEB 
expression levels in MSA patient brains, pointing TFEB as a relevant and attractive therapeutic target for MSA. 
Conclusions: These results reinforce the ability of using viral-mediated TFEB gene expression to regulate 
lysosomal biogenesis and activity as a powerful therapeutic approach in synucleinopathies such as PD and MSA by 
targeting its expression specifically into damaged cellular types according to the pathology. 
References: [1] Decreassac and al., TFEB-mediated autophagy rescues midbrain dopamine neurons from α-
synuclein toxicity, PNAS (2013). doi: 10.1073/pnas.1305623110 

555 
Restoring AADC enzyme synthesis in AADC deficiency: MRI-Guided Delivery of AAV2-hAADC Gene 
Therapy to the Midbrain 
K. Bankiewicz, T. Pearson, A. Grijalvo-Perez, A. Viehoever, W. San Sebastian, J. Imamura-Ching, Y. Seo, P. 
Larson, N. Gupta (San Francisco, CA, USA) 
Objective: Evaluate the safety and efficacy of real-time MR-guided delivery of adeno-associated virus serotype 2 
(AAV2)-hAADC delivery to the SNc and VTA for the treatment of AADC deficiency. 
Background: AADC deficiency is a rare autosomal recessive genetic disorder that causes deficient synthesis of 
dopamine and serotonin, presenting in infancy with hypokinesia, hypotonia, oculogyric crises (OGC), dystonia, 
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autonomic dysfunction, sleep disruption, and motor developmental delay. Most patients derive little benefit from 
currently available medical therapies. 
Methods: Six children (3 female and 3 male; ages 4-9 years) were treated with a low (Cohort 1) and a high (Cohort 
2) dose of vector (1.3 x 1011and 4.2 x 1011vector genomes). At the time of this submission, follow-up duration after 
treatment is 2-18 months. We present results for the 5 subjects, who have been followed for 6-18 months. 
Results: Real-time MR data confirmed 70-100% coverage of the SNc/VTA. There were no adverse events related to 
the surgical intervention. All children developed mild to moderate involuntary movements (dyskinesia) that peaked 
in severity 1-2 months after surgery and then improved. OGCs completely resolved in 4/5 subjects, and subject 1/5 
experienced a significant reduction in its severity and duration. Sleep and mood markedly improved in all 5 subjects. 
All subjects achieved recognizable gains in head control and voluntary movement at 6-18 months. Two subjects 
have attained the ability to sit independently, weight-bear fully while standing, take steps with support, and reach 
and grasp with both hands. One subject has attained the ability to speak single words and to eat by mouth. CSF HVA 
increased in all subjects from <10% at baseline to 24-47% of the lower limit of normal 6-12 months post-gene 
transfer, consistent with increased brain dopamine synthesis. 18FDOPA PET demonstrated increased uptake in the 
midbrain and striatum. 
Conclusions: AADC gene transfer to SNc/VTA is well-tolerated, safe, and leads to improvement in motor function 
and other symptoms in children with AADC deficiency. Our findings suggest that providing AADC to the 
SNc/VTA, which normally provide dopamine to striatum and nucleus accumbens, may result in improved 
physiologic dopaminergic transmission, rather than targeting non-dopaminergic striatal neurons for gene delivery. 

556 
Bilateral Putaminal AAV2-GDNF Delivery the Treatment of Advanced Parkinson’s Disease 
K. Bankiewicz, C. Lungu, D. Hammoud, P. Herscovitch, D. Ehrlich, D. Argersinger, S. Sinharay, G. Scott, T. Wu, 
W. San Sebastian, V. Suhakar, M. Fiandaca, K. Zaghloul, M. Hallett, R. Lonser, J. Heiss (San Francisco, CA, USA) 
Objective: To investigate the safety, tolerability, and early clinical efficacy of escalating doses of AAV2-GDNF 
delivered into the bilateral putamen of patients with advanced PD by image-guided convection-enhanced infusion. 
Background: We have previously shown that MRI-guided convection-enhanced delivery (CED) of AAV2-GDNF 
within the putamen was safe and able to reverse PD signs in MPTP macaques after 6 months and up to 2 years. 
AAV2-GDNF utilized anterograde axonal transport via striato-nigral projections that are resistant to both MPTP and 
idiopathic PD. 
Methods: Thirteen adult subjects with advanced PD received co-infusions of AAV2-GDNF and an MRI tracer into 
the bilateral putamen (450 µL/hemisphere). Three escalating vector genome (vg) doses (9x10^10vg, 3x10^11vg n=6 
each and 9x10^11vg; n=1) were evaluated. Intraoperative MRI allowed real-time monitoring of the CED. Pre-
operatively, and at 6-12-month intervals post-operatively, a UPDRS score and FDOPA PET provided assessments 
of motor and DA function, respectively. 
Results: Three escalating doses of AAV2-GDNF delivered by CED into the bilateral putamina of advanced PD 
patients appeared safe and well-tolerated up to 60 months of maximum post-operative follow-up. No short- or long-
term clinical or radiographic toxicities were observed. The MR tracer co-infused with the vector displayed the extent 
of target and off-target coverage. The average putaminal coverage attained was 26% ± 10%. UPDRS scores and 
levodopa equivalent daily dose remained relatively stable in all dose cohorts throughout the study. Post-operative 
FDOPA PET uptake within the volume of distribution was increased bilaterally in 10/13 patients at 6 months 
(median percentage increase = 39%; and interquartile range [IQR] of 14%-60%) and in 12/13 patients at 18 months 
(57%; 35%-73%). Differences in PET Ki values from baseline to post-operative timepoints were statistically 
significant for the bilateral CED sites (p <0.0002) suggesting a possible neurotrophic effect on residual nigrostriatal 
DA neurons. 
Conclusions: The safety of this GDNF gene therapy in advanced PD patients, as shown by the preliminary results 
obtained in this Phase I trial to date, supports a new human trial  in early and advanced PD patients that extends 
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similar and higher vector doses and maximizes putaminal coverage by increasing infusion volume and utilizing a 
novel surgical trajectory. 

557 
Evidence of survival and integration of implanted autologous peripheral nerve graft in substantia nigra in a 
patient with Parkinson’s disease 
D.R. Ginjupally, G. Quintero, Z. Guduru, J. Gurwell, J. Slevin, A. Granholm, G. Gerhardt, C. Van Horne 
(Lexington, KY, USA) 
Objective: We report a patient with Parkinson’s disease (PD) who underwent deep brain stimulation (DBS) 
simultaneously with peripheral nerve graft in substantia nigra (SN) and the post-mortem analysis on integration of 
graft tissue. 
Background: Currently, there are no medical or surgical therapies which have proven benefit to stop or slow the 
progression of PD. To alter disease progression, we propose cell-based graft that consists of peripheral nerve tissue 
as a source of growth factors and growth promoting proteins for delivery into the parenchymal region with 
dopaminergic cell loss (2). Clinical trial registration no: NCT01833364 (clinicaltrials.gov). 
Methods: A 73-year-old man with PD whose symptoms started at age 63 with right upper extremity shaking and 
slowness, was deemed to be DBS candidate for tremor predominance and significant fluctuations of symptoms. 
Levodopa equivalent dose (LED) was 600 before surgery. Neuropsychology evaluation did not reveal any cognitive 
impairment. He underwent DBS surgery along with peripheral nerve graft at the age of 70. 
Results: Pre-surgical Dopamine active transporter (DAT) scan revealed decreased dopamine uptake bilaterally 
(left>right), while 2 years later (post-operative) showed worsening of findings bilaterally (right>left). Post-Surgery 
UPDRS Part III score at medication-off/stimulation-off phase showed improvement at 6,12,18 and 24 months 
compared to pre-operative UPDRS Part III score at medication-off phase. At 24 months we observed 9 point 
improvement from baseline in UPDRS Part III score. 24 month MRI was unremarkable. Participant was monitored 
for 34 months and no safety issues were observed related to graft delivery. After complications secondary to bowel 
obstruction and pneumonia, participant died. Brain autopsy was performed and it did not indicate any complications 
related to the procedure. The brain tissue showed Tyrosine hydroxylase positive staining ipsilateral to the graft in the 
SN. 
Conclusions: These results support the idea that the peripheral nerve graft delivery might account for the 
improvement in UPDRS score and early histology results supports affects on the dopaminergic neurons proximal to 
the graft target. These results continue to support the further exploration of DBS plus as a safe, feasible option 
which could play a role in slowing the progression of PD. 
References: 1. Bernheimer H, Birkmayer W, Hornykiewicz O, Jellinger K, Seitelberger F: Brain dopamine and the 
syndromes of Parkinson and Huntington. Clinical, morphological and neurochemical correlations. J Neurol Sci 
20:415–455, 1973. 2. Van Horne CG, Jorge Quintero, Greg Gerhardt et al. Peripheral nerve grafts implanted into the 
substantia nigra in patients with Parkinson's disease during deep brains cumulation surgery: 1-year followup study 
of safety, feasibility and clinical outcome. J Neurosurgery Feb 2018. 3. Perlow MJ, Freed WJ, Hoffer BJ, Seiger A, 
Olson L, Wyatt RJ. Brain grafts reduce motor abnormalities produced by destruction of nigrostriatal dopamine 
system. Science 1979;204: 643-647. 4. Björklund A, Stenevi U. Reconstruction of the nigrostriatal dopamine 
pathway by intracerebral nigral transplants. Brain Res 1979; 177: 555-560. 5. Olanow CW, Goetz CG, Kordower 
JH, Stoessl AJ, Sossi V, Brin MF, et al: A double-blind controlled trial of bilateral fetal nigral transplantation in 
Parkinson’s disease. Ann Neurol 54:403–414, 2003 6. Thompson V. Successful brain grafting. NY Med J 1890; 51: 
701-702. 
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558 
Investigating the impact of a-synuclein pathology on human embryonic stem cell derived dopaminergic 
neurons transplanted in an accelerated a-synuclein rat model of Parkinson’s disease 
D. Hoban, S. Shrigley, L. Breger, J. Nelander Wahlestedt, T. Cardoso, B. Mattsson, K. Luk, M. Parmar, A. 
Björklund (Lund, Sweden) 
Objective: In this study, we assess how transplanted human embryonic stem cell (hESC) derived dopaminergic 
(DA) neurons survive, mature, integrate and innervate the host circuitry in a novel accelerated model of Parkinson’s 
disease (PD), whereby a mixture of preformed human a-synuclein (asyn) fibrils and AAV6 human asyn are 
unilaterally injected into the rat substantia nigra (SN). 
Background: Preclinical studies to assess the therapeutic potential of hESC DA neurons have mostly been 
performed in the 6-hydroxydopamine (6-OHDA) DA depletion model of PD. However, this model does not reflect 
the pathological features or progressive nature of PD. 
Methods: After induction of the model, and allowing the model to develop for 4-8 weeks, we transplanted hESC-
derived DA neurons into the striatum and assessed their survival, maturation, integration and innervation at 6- and 
12-weeks post-transplant. 
Results: This model gives rise to inflammation, DA cell dysfunction and progressive loss of DA cells from the SN 
and terminals in the striatum. Additionally, the model shows extensive asyn pathology in both the SN and striatum 
making it an interesting model in which to examine cell transplantation. Post mortem histology revealed that 
transplanted cells were capable of innervating the DA depleted striatum in a similar, biologically-relevant pattern 
previously seen in the 6-OHDA model. We used monosynaptic tracing based on modified rabies virus to assess that 
the pathology present in this model did not inhibit the ability of the graft to integrate into the host circuitry, meaning 
that the grafted cells are able to receive appropriate and sufficient synaptic contact with the host central nervous 
system. Finally, on closer examination, we found evidence of asyn pathology in the form of phosphorylated asyn 
inclusions in the grafted TH+ cells, indicating host-to-graft transfer of asyn pathology. 
Conclusions: Further studies to examine a longer time-point where we can assess the maturation and function of the 
transplanted cells, and if this is affected by the pathology transfer, are currently underway. This will give us a better 
understanding of the performance of these cells in a more clinically relevant, albeit accelerated, novel asyn model of 
PD, thus adding to the body of knowledge required as this cell replacement therapy progresses to clinical trials. 

559 
The Role of Dysfunctional BDNF in Remodeling the Parkinsonian Striatum Following Dopamine Neuron 
Grafting in CRISPR rs6265 Rats 
N. Mercado, J. Stancati, T. Collier, C. Sortwell, I. Sandoval, C. Kemp, B. Daley, M. Duffy, K. Steece-Collier (Grand 
Rapids, MI, USA) 
Objective: To evaluate the impact of the rs6265 Bdnf single nucleotide polymorphism (SNP) on function & 
synaptic integration of primary dopamine (DA) neuron grafts in a parkinsonian rs6265 rat model. 
Background: The rs6265 SNP (Val66Met) is prevalent in ~40% of the human population, and possession of a Met 
allele results in decreased neuronal BDNF release. BDNF is critically involved in actin remodeling of striatal 
dendritic spines & neuronal maturation/function. We hypothesized that rs6265-mediated dysfunctional BDNF 
signaling is an unrecognized contributor to the limited clinical benefit observed in a subpopulation of Parkinson’s 
disease patients despite robust survival of grafted DA neurons, and also contributes to development of graft-induced 
dyskinesias (GID). 
Methods: To test this hypothesis we created a human rs6265 Bdnf knock-in rat using CRISPR with the goal of 
comparing graft survival and functional efficacy between Wild type (WT) Val68Val and homozygous (HO) 
Met68Met rats. Rats were rendered unilaterally parkinsonian with intranigral 6-OHDA and primed with levodopa 
(12 mg/kg M-Fr) beginning 4 wks after lesion to induce stable expression of levodopa-induced dyskinesias (LID), 
the primary behavioral endpoint for graft efficacy. Amphetamine-induced rotational asymmetry and dyskinetic 
behavior served as secondary behavioral endpoints. After 4 wks of levodopa priming, WT and HO rats received a 
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sham graft or embryonic ventral mesencephalic neurons (200,000 cells, E14 WT donors) distributed at 3 dorsal-
ventral sites within the DA-depleted striatum. LID behavior was evaluated for 10 wks post-engraftment. 
Results: LID behaviors were ameliorated sooner and to a greater extent in HO rats than in WT rats despite 
statistically similar numbers of surviving grafted DA neurons (p=0.9954) and graft volumes (p=0.5281). Also, 
grafted DA neurons in HO rats showed more robust neurite outgrowth distal to the graft (p=0.0088). Compellingly, 
only grafted HO rats developed GID (p=0.035). Ongoing analyses include quantitative assessment of synapse 
connectivity between grafted DA neurites and host neurons. 
Conclusions: Contrary to our hypothesis, rs6265 is associated with more extensive neurite outgrowth & superior 
functional efficacy of grafted cells in young parkinsonian rats. However, in line with our hypothesis, rs6265 is also 
associated with GID development. 

560 
Differential effects of stem cell therapy in adult and middle-aged Parkinsonian mice 
A. Nelke, S. García-López, A. Martínez-Serrano, M. Pérez Pereira (Madrid, Spain) 
Objective: To perform an in-depth analysis of the effects of transplanting neural stems cells in Parkinsonian mice. 
Background: Parkinson´s disease (PD) is the second most common neurodegenerative disease in the world and the 
most common motor movement disorder. PD is characterized by the impairment and death of dopaminergic neurons 
(DAn) in the Substantia Nigra pars compacta (SNpc). Cell replacement therapy holds the most promise in the 
treatment of PD; therefore, we studied an experimental stem cell therapy in a PD rodent model. 
Methods: Adult (5 month-old) and middle-aged (12 month-old) C57BL/6JRccHsd male mice were injected with 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and subsequently transplanted with human ventral 
mesencephalic hVM1 clone 32 human neural stem cells, or buffer, in the left striatum. Mice were sacrificed four 
months post-transplant. 
Results: Tyrosine hydroxylase (TH) fiber loss in the striatum and DAn loss in the SNpc of adult mice was prevented 
by stem cell transplantation, while TH neurodegeneration in middle-aged mice was prevented only in the SNpc and 
not the striatum. Adult stem cell-treated mice showed similar open field test behavior to that of controls, but middle-
aged stem cell-treated mice did not. All MPTP-treated animals showed higher levels of inflammation in the striatum 
and SNpc compared to control mice. Neurogenesis in the subgranular zone, studied via doublecortin 
immunostaining, was improved in stem cell-treated adult, but not middle-aged, mice. 
Conclusions: Transplantation of hVM1 clone 32 human neural stem cells in adult and middle-aged PD mice have 
different outcomes in terms of dopamine loss and recovery in the striatum and SNpc, behavior, and neurogenesis, 
with the adult stem cell-treated mice showing significant improvements in all of these aspects. This study stresses 
the importance of the age of recipient and the stage of PD progression when receiving a transplant. 
References: 1. Ramos-Moreno T, Lendínez JG, Pino-Barrio MJ, del Arco A, Martínez-Serrano A. 2012. Clonal 
Human Fetal Ventral Mesencephalic Dopaminergic Neuron Precursors for Cell Therapy Research. PLoS ONE, 7 
(12): e52714. doi:10.1371/journal.pone.0052714. 

561 
Neuritic pathology in Parkinson’s Disease results from loss of anti-oxidant response activity 
S. Ryan, M. Stykel, C. Coackley, T. Ryan (Guelph, ON, Canada) 
Objective: To determine the link between α-syn accumulation and neuritic pathology in Parkinson’s Disease (PD). 
Background: Neurological dysfunction in PD is highly associated with pathological deposits of aggregated α-syn in 
the brain. While mutations in the SNCA gene (α-syn) are causal in rare familial forms of PD, the prevalence of α-
syn aggregates in the cortices of sporadic disease cases emphasizes the need to understand the link between α-syn 
accumulation and disease pathogenesis. 
Methods: This study exploits stem cell technology to model PD using two human isogenic stem cell models of the 
disease. By employing a combination of human pluripotent stem cells (hPSCs) that harbor the SNCA-A53T 
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mutation contrasted against isogenic controls and substantia nigra (SN) from PD patients, analyzed post-mortem, we 
evaluated the consequences of α-syn accumulation in human A9-type dopaminergic (DA) neurons (hNs). 
Results: Using these systems, we have identified a mechanism whereby mutant α-syn inhibits the antioxidant 
response, that in-turn leads to axonal pathology through loss of expression of microtubule stabilizing proteins. 
Differentially expressed genes from both PD-patient SN and SNCA-A53T hNs were associated with regulatory 
motifs transcriptionally activated by the antioxidant response pathway, particularly, Nrf2 gene targets. Differentially 
expressed gene targets were also enriched for gene ontologies related to microtubule binding processes. We thus 
assessed the relationship between Nrf2-mediated gene expression and neuritic pathology. We show that SNCA-
mutant hNs have deficits in neuritic length and complexity relative to controls as well as contorted axons with Tau 
positive varicosities. Furthermore, we show that mutant α-syn fails to complex with PKC, which in turn results in 
impaired activation of Nrf2. These neuritic defects result from impaired Nrf2-activity on Antioxidant Response 
Elements (AREs) localized to a microtubule associated protein (Map1b) gene enhancer and are rescued by both Nrf2 
overexpression and pharmaceutical activation in PD neurons. 
Conclusions: We show that reactivation of the Nrf2 pathway can rescue axonal neuropathology. This is the first 
demonstration of modulation of cytoskeletal elements as a potential therapy against PD, providing a previously 
unknown link between α-syn mutation and the antioxidant pathway. 

562 
Longitudinal analysis of the modified Hoehn and Yahr disease stage in PD-1101, a Phase 1b clinical study of 
VY-AADC01 
A. Van Laar, R. Richardson, A. Sedkov, E. Fine, K. Bankiewicz, B. Ravina, P. Larson, C. Christine (Pittsburgh, PA, 
USA) 
Objective: To describe changes over the first year in disease severity and activities of daily living using modified 
Hoehn and Yahr (mH&Y) stage and UPDRS II in PD-1101, an open-label study of VY-AADC01 for advanced 
Parkinson’s disease (PD) with motor fluctuations despite optimal medical management. 
Background: VY-AADC01 is an experimental AAV2 gene therapy encoding human aromatic L-amino acid 
decarboxylase (AADC). In PD-1101, 3 cohorts (n=5 patients/cohort) received intraoperative MRI-guided infusions 
of VY-AADC01 into bilateral putamen with escalating doses of ≤7.5x10^11 vector genomes (vg), ≤1.5x10^12 vg, 
and ≤4.7x10^12 vg for cohorts 1, 2, and 3, respectively. Administration of VY-AADC01 was well tolerated, and 
improvements were seen in measures of motor function relative to baseline, particularly in cohorts 2 and 3 [1]. This 
report presents data on additional efficacy outcomes assessed in the study. 
Methods: Outcomes measured at 6 and 12 months included mH&Y stage off medication and UPDRS II. 
Results: All patients had lower mH&Y stage at 6 and 12 months compared to baseline. Of 13 patients with stage 3 
mH&Y at baseline, 2 decreased to stage 2.5, 10 to stage 2, and 1 to stage 1 at 12 months. Of 2 patients with stage 4 
mH&Y at baseline, 1 decreased to stage 2.5 and 1 to stage 2 at 12 months post-administration. Decreases in mH&Y 
scores were consistent with previously-reported improvements in motor function off medication [1] and paralleled 
improvements on the Clinical Global Impression of Change [1], an assessment of overall function. Changes in 
clinician-assessed measures of disease severity were accompanied by improvements in patient-reported outcomes in 
cohorts 2 and 3. Mean±SE UPDRS II off medication scores decreased from baseline by 3.4±1.2 points in cohort 2 
and by 4.4±1.4 points in cohort 3 at 12 months, with minimal change in cohort 1. Decreases in cohorts 2 and 3 
exceeded 3 points, the minimal clinically important change in UPDRS II for patients with mH&Y of 2.5 and 3 [2]. 
These changes paralleled previously-reported improvements in patient-reported quality of life (PDQ-39 score) [1]. 
Conclusions: These findings from this phase 1b study at 12 months show the potential of the experimental VY-
AADC01 gene therapy to improve clinician- and patient-reported outcomes in PD with motor fluctuations despite 
optimal medical management. 
References: 1. Christine CW, Bankiewicz KS, Van Laar AD, et al. MRI-guided phase 1 trial of putaminal AADC 
gene therapy for Parkinson’s disease. Ann Neurol. Published online: February 25, 2019 (doi: 10.1002/ana.25450). 2. 
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Schrag A, Sampaio C, Counsell N, Poewe W. Minimal clinically important change on the unified Parkinson's 
disease rating scale. Mov Disord 2006; 21: 1200-1207. 

563 
Disease-in-a-dish: drug discovery using patient-derived stem cells in Hereditary Spastic Paraplegia 
G. Wali, Y. Fan, R. Sutharsan, C. Sue, A. Mackay-Sim (Sydney, Australia) 
Objective: Identify a drug treatment for Hereditary Spastic Paraplegia (HSP) using patient-derived stem cell models 
Background: HSP is a neurological disorder characterised by axonal degeneration of the corticospinal tract leading 
to lower limb spasticity. Mutations in the gene SPAST are the major cause of HSP. SPAST encodes Spastin, a 
protein involved in regulating microtubule dynamics. 
Methods: To understand the underlying disease mechanism and identify potential drug treatments, we used two 
sources of patient-derived stem cell models: a) adult stem cells: olfactory neurosphere derived (ONS) cells, a 
population of neural progenitor cells (10 patient v/s 10 healthy control cell lines) and b) induced pluripotent stem 
(iPS) cell derived cortical neurons (6 patient v/s 5 healthy control cell lines). 
Results: Patient ONS cells have reduced Spastin, reduced stabilised microtubules, altered cellular distribution of 
organelles mitochondria and peroxisomes and impaired peroxisome transport1. When stabilised microtubule levels 
were restored in the patient cells using tubulin-binding drugs, the peroxisome transport was also restored to control 
levels2. Patient ONS cells were under oxidative stress and more sensitive to oxidative stress induced by hydrogen 
peroxide. These were restored to control levels by tubulin-binding drugs3. To test if our findings in the patient ONS 
cells are relevant in patient cortical neurons, we evaluated patient-derived iPS cortical neurons.  Patient neurons 
showed amplified disease specific deficits previously observed in patient ONS cells. Tubulin binding drugs, 
particularly Noscapine, rescued disease-specific defects in patient neurons. 
Conclusions: Based on our findings in patient-derived stem cell models, we suggest a mechanism whereby SPAST 
mutations lead to reduced levels of stable microtubules which compromises axonal transport and leads to increased 
oxidative stress. These disease-specific defects can be restored by treatment with tubulin-binding drugs. We are now 
proceeding towards a clinical trial for Noscapine. 
References: 1 Abrahamsen, G. et al. A patient-derived stem cell model of hereditary spastic paraplegia with SPAST 
mutations. Disease models & mechanisms 6, 489-502, doi:10.1242/dmm.010884 (2013). 2 Fan, Y. et al. Low dose 
tubulin-binding drugs rescue peroxisome trafficking deficit in patient-derived stem cells in Hereditary Spastic 
Paraplegia. Biology Open, doi:10.1242/bio.20147641 (2014). 3 Wali, G. et al. Mechanism of impaired microtubule-
dependent peroxisome trafficking and oxidative stress in SPAST-mutated cells from patients with Hereditary Spastic 
Paraplegia. Scientific Reports 6, 27004, doi:10.1038/srep27004 (2016). 

564 
Texas Biorepository of Human Induced Pluripotent Stem Cells for Studying Parkinson’s Disease 
S. Wijemanne, H. Hong, G. Choudhury, J. Kim, J. Ramirez-Castaneda, A. Papanastassiou, M. Daadi (San Antonio, 
TX, USA) 
Objective: To develop a biorepository of human induced pluripotent stem cells for studying Parkinson’s 
disease(PD). 
Background: Genetically engineered stem cells called “induced pluripotent stem cells” or iPSCs can be developed 
using blood or skin cell biopsies from patients with Parkinson’s disease(PD). iPSCs can be differentiated into 
dopaminergic neurons that behave similar to the PD patient(1). 
Methods: In this pilot study, 23 patients with PD were enrolled. Either 10 ml of blood or 3 mm of skin sample were 
collected after informed consent was obtained. The samples were processed using non-integrative episomal vectors 
system. Three episomal vectors, pCXLE-hOCT3/4-shp53, pCXLE-hSK and pCXLE-hUL were used to transfect 
peripheral blood mononuclear cells and human fibroblasts using the Amaxa Nucleofector as previously described (2, 
3). The vectors and reprogramming factor genes were cleared from the cells as the iPSC colonies expanded. The 
iPSCs colonies were characterized for their pluripotency and propensity to give rise to neural lineage according to 
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set standard we identified(4). The dopaminergic cells were identified by the expression of tyrosine hydroxylase, the 
rate limiting enzyme for the biosynthesis of dopamine. 
Results: In this initial phase, 23 patients (14 male)(6 Hispanic) with a mean age of 75 yrs (53-82 yrs) were enrolled. 
Three iPSC clones were derived and characterized from each patient. The iPSC colonies expressed the pluripotency 
markers Oct4, Nanog, Tra1-60 and SAEA4. Neural stem cells (NSCs) were derived from these iPSCs using specific 
mitogenic factors(5). The multipotency of these NSCs was confirmed by the expression of neural lineages; GFAP 
for astrocytes, O4 for oligodendrocytes and beta-III tubulin for neurons. We are currently growing organoids out of 
these iPSC lines, which will be used to study the disease mechanism, perform drug screening and link genotype, 
phenotype to the DNA-seq and RNA-seq data. 
Conclusions: The possibility to generate specialized organ-specific differentiated cells using somatic cells induced 
to become iPSCs opens the door for unique opportunities such as understanding cellular developmental principles, 
investigate the role of variant genes and epigenetic changes associated with PD, link genotype, phenotype to the 
DNA-seq and RNA-seq data, identify novel targets for drug screening and ultimately develop effective 
neuroprotective or regenerative therapies in PD. 
References: 1) Daadi MM, Grueter BA, Malenka RC, Redmond DE, Jr., Steinberg GK (2012) Dopaminergic 
neurons from midbrain-specified human embryonic stem cell-derived neural stem cells engrafted in a monkey model 
of Parkinson's disease. PLoS ONE 7: e41120. 2) Hong H., Roy-Choudhury G., Kim J., Daadi M.M. (2019). Isolation 
and Differentiation of Self-Renewable Neural Stem Cells from Marmoset Induced Pluripotent Stem Cells. Methods 
Mol. Biol. 1919: 199-204. 3) Daadi M.M. (2019). Generation of Neural Stem Cells From Induced Pluripotent Stem 
Cells. Methods Mol. Biol. 1919: 1-7. 4) Yang G., Hong H., Torres A., Malloy K.E., Choudhury G.R., Kim J., Daadi 
M.M. (2019). Reference Transcriptome for Deriving Nonhuman Primate Induced Pluripotent Stem Cells. Methods 
Mol. Biol. 1919: 175-186. 5) Daadi M.M. (2019). Differentiation of Neural Stem Cells Derived from Induced 
Pluripotent Stem Cells into Dopaminergic Neurons. Methods Mol. Biol. 1919: 89-96. 

Restless Leg Syndrome, RBD and Other Sleep Disorders 

565 
Prevalence of Restless Leg Syndrome in the general population of Montevideo, Uruguay in 2018 
I. Amorin, H. Hackembruch, A. Lescano, M. Aguerre, O. Echevarria, S. Faliveni, J. García, E. Monllor 
(Montevideo, Uruguay) 
Objective: A transverse study was projected in order to determine the prevalence of Restless Leg Syndrome in the 
general population of Montevideo, estimate the severity of the disease through the frequency of the symptoms 
presentation, compare prevalence between genders and among other reports in the literature. 
Background: Restless Leg Syndrome (RLS) is a sensitive – motor syndrome characterized by an imperious need to 
move the legs. It is associated with an annoying or unpleasant feeling, usually difficult to precise, that occurs more 
frequently during night rest with a characteristic circadian rhythm getting worse in the last hours of the day and 
improving with movement. It causes a great impact on the quality of life. 
There are few reports of the prevalence of RLS in Latinamerica in the general population. 
Methods: A total of 199 telephonic surveys were performed on individuals older than 18 years residing in five 
neighborhoods of Montevideo selected randomly, during the period between April and November 2018. The 
validated survey includes questions that comprehend the four criteria for RLS established by the International 
Restless Leg Study Group (IRLSG). Cases with positive answers in all ítems were cataloged as a positive diagnosis. 
Results: The sample was composed of 199 individuals including 136 women and 63 men. 17 individuals filled the 
criteria for RLS diagnosis (8.5%). 76.5% were women and 23.5% men. In relation of the severity of the symptoms, 
17.6% were cataloged as mild, 35.3% as moderate and 47.1% as severe. 
Conclusions: Prevalence of RLS in the population studied is similar to the reported in the international literature. It 
was not possible to compare the prevalence among genders because the distribution of the sample was not 
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homogenous. The proportion of severe forms of RLS represents an important number in the population with RLS 
diagnosis. 
References: Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS, Montplaisi J, et al. Restless legs 
syndrome: diagnostic criteria, special considerations, and epidemiology. A report from the restless legs syndrome 
diagnosis and epidemiology workshop at the National Institutes of Health. Sleep Med 2003;4:101-119. Hening WA, 
Allen RP, Washburn M, Lesage SR, Earley CJ. The four diagnostic criteria for Restless Legs Syndrome are unable 
to exclude confounding conditions (mimics). Sleep Med 2009;10:976-81. Allen RP, Walters AS, Montplaisir J, 
Hening W, Myers A, Bell TJ, et al. Restless legs syndrome prevalence and impact: REST general population study. 
Arch Intern Med 2005;165:1286-1292. Gatto M, Parisi VL, Etcheverry JL, Martín MC, Sensibilidad y especificidad 
de un cuestionario en castellano autoadministrado para la identificación del Síndrome de piernas inquietas en 
contexto de estudios poblacionales. Neurología Argentina (2013) 5(4), 237 240. 

566 
Biomarkers of idiopathic REM sleep behavior disorder versus RBD within narcolepsy 
E. Antelmi, F. Pizza, Y. Sosero, V. Donadio, A. Incensi, R. Liguori, G. Plazzi (Bologna, Italy) 
Objective: We compared iRBD versus secondary RBD due to narcolepsy, searching for discriminating clinical, 
neurophysiological and pathological biomarkers. 
Background: Idiopathic REM sleep behavior disorder (iRBD) has the highest positive predictive value for 
impending neurodegeneration due to p-alpha-synuclein deposits, while the significance of RBD within narcolepsy is 
still poorly understood. 
Methods: Seventeen adults’ patients with NT1 and RBD were compared with 30 age and sex-matched patients with 
iRBD. Both groups underwent extensive examinations with neuropsychological investigations, neuroimaging and 
skin biopsy looking for phosphorylated α-synuclein (p-α-syn) deposits. Whole-night video-polysomnography (v-
PSG) was analyzed by two sleep experts for identifying simple and complex motor episodes during all sleep stages. 
Results: Patients with iRBD reported more frequently an every-night occurrence of RBD episodes, which more 
often were reported to be violent. NT1 patients had more frequently simple motor episodes which occurred 
throughout the whole night, in all sleep stages and showed an “intra-individual” stereotyped pattern. IRBD patients 
instead had episodes confined to REM sleep and occurring predominantly in the second half of the night. Skin 
biopsy was positive for p-α-syn deposits in 86.7% of iRBD patients and in none of NT1 patients. Subtle 
abnormalities at neuropsychological investigation were more frequent in iRBD patients versus patients with RBD 
due to NT1. 
Conclusions: iRBD and RBD due to NT1 do have different clinical and pathological findings, confirming a 
completely different pathophysiology. Both v-PSG and skin biopsy can discriminate between the two conditions. 

567 
Spinal Cord Stimulation for Severe Restless Leg Syndrome 
C. Aquino, M. Zorn, S. Chamberlain, C. Bokat, P. Moretti, D. O'Dell (Salt Lake City, UT, USA) 
Objective: Objectives: To report the use of spinal cord stimulation (SCS) in a patient with severe and refractory 
familial Restless Leg Syndrome (RLS). 
Background: RLS is associated with decreased quality of life and can lead to significant sleep disruption[1]. 
Treatment of RLS can be challenging due to augmentation, and adverse effects of drugs, such as dopamine agonist, 
opioids, and alpha-2-delta ligands. There is a growing interest in the use of SCS for RLS [2-3]. 
Methods: Case-report: The patient was a 65-year-old woman with longstanding history of RLS dating back to 
childhood. Her symptoms were described as discomfort affecting the lower limbs predominantly in the evening, 
with severe disruption of sleep. She had tried a combination of treatments including dopamine agonist (pramipexole, 
ropinirole, and rotigotine), levodopa, benzodiazepines, alpha-2-delta ligands (gabapentin and pregabalin), oral and 
intravenous iron supplementation, and opioids. Her current medication regimen for RLS is Clonazepam 0.75 mg, 
methadone 7.5 mg, and gabapentin enacarbil 600 mg in the evenings. She also uses a Relaxis device every night to 
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alleviate her symptoms. Her past medical history is positive for gastroparesis (on treatment with domperidone), 
multiple back surgeries for scoliosis, including a T10-S1 spinal fusion, previous thyroid cancer, and thyroidectomy. 
She had a family history of RLS in her mother, maternal aunt, and identical twin sister. Her neurological exam is 
unremarkable and there is no evidence of neuropathy. Her last ferritin level was 115 ng/mL with normal iron studies 
and there has been no history of sleep apnea. Her restless leg rating scale score was 31 (severe). A spinal cord 
stimulator trial was performed. 
Results: The patient noted a >50% improvement in her RLS symptoms. We proceeded with permanent implantation 
of a 10-kHz high-frequency spinal cord stimulator. Leads were placed at T4 level. Two weeks after implantation, 
her RLS rating scale score was 9. No medication changes were attempted at that point. Due to eventual lead erosion 
the device had to be explanted 1 month after the implantation. After explantation her RLS rating score returned to 33 
(very severe). 
Conclusions: Conclusions: Spinal cord stimulation may be an effective treatment option for medically refractory 
RLS. Prospective studies are necessary to define safety, efficacy, and long-term outcomes. 
References: 1. Restless legs syndrome: diagnostic criteria, special considerations, and epidemiology. Sleep Med 4, 
101–119 (2003). 2. De Vloo, P. et al. Successful spinal cord stimulation for severe medication-refractory restless 
legs syndrome. Mov. Disord. 4, 465–2 (2019). 3. Epidural Spinal Cord Stimulation: A Novel Therapy in the 
Treatment of Restless Legs Syndrome. 92, 582.e15–582.e18 (2016). 

568 
In the shadow of Parkinson disease: what to tell patients with REM sleep behavior disorder? 
D. Barone, A. Lee, N. Hellmers, S. Lakhani, H. Sarva, C. Henchcliffe (New York, NY, USA) 
Objective: To describe challenges to patient counseling in REM sleep behavior disorder (RBD). 
Background: RBD is a significant risk factor for development of Parkinson disease (PD), dementia with Lewy 
bodies, and multiple system atrophy. Although >90% with RBD in some studies may phenoconvert, there are as yet 
no means of predicting individual prognosis and the inter-related questions of what testing to perform and how best 
to counsel these patients remain unanswered. 
Methods: We reviewed English-language peer-reviewed literature on RBD clinical management and prognosis and 
on counseling those at risk in other neurodegenerative diseases. 
Results: Guidelines for managing RBD focus largely upon symptomatic management, although AASM Practice 
Guidelines suggest a baseline neurological exam with attention to cognition and “extrapyramidal signs”, in addition 
to counseling patients and families about the possibility of later neurodegenerative disease [1]. Despite enormous 
strides in understanding associated clinical features that may influence risk of phenoconversion [2], there are as yet 
no appropriate physician guidelines for work-up or follow up that reflect this knowledge. Moreover, known PD gene 
mutations and risk alleles have been demonstrated in some with RBD but there are no guidelines on genetic testing 
nor patient/family counseling. 
Conclusions: Current guidelines for clinical care do not yet reflect recent advances in understanding RBD. 
Therefore, in addition to rigorous diagnostic, symptomatic treatment, and safety considerations, we suggest a focus 
upon: (1) screening for common comorbidities that are actionable, such as depression, and (2) administration of a 
standardized battery of motor and non-motor neurological features that are associated with neurodegenerative 
disorders. We will present a testing panel from a longitudinal observational cohort “REM Behavior Disorder 
Associations with Parkinson’s Disease Study (RAPiDS)” at our center, including evaluation of olfaction, 
coordination, and other testing that may be adapted for the clinic, and will also discuss counseling offered by our 
multi-disciplinary team. A remaining question is whether to, and in whom to, recommend genetic testing or 
neuroimaging. This will require attention to careful genetic counseling and knowledge of patient preferences that 
could be informed as a first step by experience in Alzheimer’s disease, PD, and other neurodegenerative disorders. 
References: [1] Aurora RN et al (2010) J Clin Sleep Med 6: 85-95. Best Practice Guide for the Treatment of REM 
Sleep Behavior Disorder [2] Postuma RB et al (2019) Brain 142: 744-759. Risk and predictors of dementia and 
parkinsonism in idiopathic REM sleep behavior disorder: a multicenter study 
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569 
The influence of gender, associated neurological disorder and motive for polysomnography (PSG) in the 
manifestations of REM sleep behaviour disorder (RBD) 
P. Bugalho, M. Salavisa (Lisbon, Portugal) 
Objective: To access the interrelation and relative influence of gender, associated neurological disorder and context 
of referral to PSG on the manifestations of  (RBD). 
Background: Symptomatic differences between genders could explain variations in gender prevalence between 
studies. Debate persists on whether the severity of RBD differs between idiopathic (iRBD) and symptomathic RBD. 
Patients who spontaneously recurre to  medical consultation for RBD symptoms could present with worse 
complaints compared to in whom  RDB  was detetcted by screening methods or as an incidental finding. Thus 
gender, associated neurological disorder and motive for referral to PSG could have a significant influence in RBD 
manifestations. 
Methods: 62 RBD patients were assessed with vídeo-polysomnography (PSG) regarding sleep structure, muscular 
activity and motor events during REM sleep (ME). Patients were categorized according to gender (female n=17), 
asscoiated neurological disorder (iRBD (n=22) vs.α-synuclein (n=35) vs. non-α-synucleinopathy (n=5) and motive 
for PSG (direct referral due to RBD symptoms (FIRST, n=13); referred in the course of screening procedures 
(SCREENING n=13); referred during clinical follow-up for other disorders (n=27);referred for symptoms other than 
RBD (n=8). 
Results: Phasic activity index and myoclonic and trunk ME were significantly higher in men and segmental ME in 
women. The prevalence of α-synuclein cases was higher in SCREENING and  iRBD in FIRST categories. There 
was a higher severity of ME in iRBD patients, compared to other diagnostic categories. Global motor severity of 
ME was significantly higher in FIRST group. In multivariate analysis, both Motive for PSG and Diagnostic 
Category had a significant and independent influence on the Global Severity of ME . 
Conclusions: Our findings suggest that gender, diagnostic category and motive for PSG  can significantly influence 
RBD presentation. Male gender is related with higher muscular phasic activity and a different pattern of ME, while 
having iRBD (as opposed to secondary RBD) and being directly referred for a first consultation because of 
complaints compatible with RBD (as opposed to being diagnosed in a screening procedure or during follow-up for 
other disorders) are significantly interrelated but independently associated with the global severity of ME during 
REM sleep. 

570 
Prevalence of Rem Behavior Disorder (RBD) in different motor subtypes of Parkinson`s Disease 
corroborated by Polisomnography 
O. Cardenas, A. Abundes, M. Rodríguez, A. Cervantes, V. Alatriste (Mexico City, Mexico) 
Objective: The objective is to compare the prevalence of RBD in the different motor subtypes of Parkinson`s 
disease (PD), using polysomnography as the gold standard. 
Background: One of the ways to classify PD, is according to motor symptoms using the Unified Parkinson´s 
Disease Rating Scale revised by the MDS (MDS-UPDRS).Three motor subtypes can be identified: 1.- Tremor 
dominant (TD), 2.- Postural Instability and Gait Disorder (PIGD) and 3.- Undetermined subtype. The three of them 
share motor and non-motor symptoms, but their frequency may vary in relation to the motor subtype. In previous 
years, many studies have shown distinct results about the prevalence of probable RBD based on questionnaires and 
scales, like the Parkinson´s Disease Sleep Scale (PDSS) and the RBD screening questionnaire (RBDSQ). 
Methods: In this cross-sectional hospital-based study, we evaluated 112 patients with a diagnosis of PD. Patienys 
were categorized in the different motor subtypes using items of the MDS-UPDRS parts II and III. In addition, all 
patients underwent a night videopolysomnograph. The diagnosis of RBD was confirmed based on the practice 
guidelines of the American Academy of Sleep Medicine (AASM). 
Results: A total of 53 women (47.3%) and 59 men (52.7%) were included. The mean age was 60 ±11.6 years and 
mean disease duration was 6.6 ±4.4 years. The TD group included 40 patients, PIGD 63 patients and 9 patients in 
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the Undetermined subtype. RBD was diagnosed in 10 patients in the TD group (25%), in 23 patients in the PIGD 
group (36.5%) and in 2 patients of the Undetermined subtype (22.2%) (p: 0.39) No significant difference was found 
between subgroups. 
Conclusions: The present study suggest that the presence of RBD diagnosed by polysomnography in the different 
motor subtypes of PD is similar. Our findings are comparable with previous studies were questionnaires and scales 
were used for RBD diagnosis. 
References: 1.- Jankovic, J et al. Parkinson disease subtypes. JAMA Neurol. 2014;71(4):499-504. 
doi:10.1001/jamaneurol.2013.6233. 2.- Fereshtehnejad SM et al. New clinical subtypes of Parkinson disease and 
their longitudinal progression: a prospective cohort comparison with other phenotypes. JAMA Neurol 2015 
Aug;72(8):863-73 doi:10.1001/jamaneurol.2015.0703. 3.- Zhang, X et al. Prevalence of rapid eye movement sleep 
behavior disorder (RBD) in Parkinson's disease: a meta and meta-regression analysis. Neurol Sci. 2017 
Jan;38(1):163-170 doi 10.1007/s10072-016-2744-1. 

571 
A Case of Diurnally Variable Gut Discomfort in a Patient with RLS 
J. Coleman, A. Amara (Birmingham, AL, USA) 
Objective: To report the case of a man with restless legs syndrome (RLS) manifesting as predominantly 
gastrointestinal discomfort. 
Background: RLS is an unpleasant urge to move the legs, which starts or worsens with rest, is relieved by 
movement, and worsens during the evening.[1] Other associated phenomena have become recognized including 
restless abdominal wall or pelvic muscles.[2,3] A case of restless bladder has been reported, but to our knowledge, 
no other visceral organ involvement has been described.[4] 
Methods: We report a single case of presumed restless gut phenomenon experienced by an individual seen at the 
University of Alabama at Birmingham Movement Disorders Clinic. 
Results: A 75-year-old man presented after 5 years of nocturnal bloating, periumbilical discomfort, and increased 
borborygmus. When his symptoms of abdominal discomfort were maximal, he experienced leg twitching and 
“drawing up.” To a lesser extent, he also experienced restless symptoms in his legs. His symptoms were relieved by 
drinking water, pressing on his abdomen, performing a Valsalva, or walking. Passing flatus or stool was also helpful 
but not commonly possible. GI workup including EGD and colonoscopy was normal. Neither changes in diet nor 
timing of meals impacted symptoms. Ferritin level was 130 ng/mL. Gabapentin brought relief initially, but benefit 
waned. He trialed carbidopa/levodopa with complete remission of symptoms. 
Conclusions: Although RLS has typically been associated with skeletal muscle movements including abdominal 
and pelvic wall muscles, we suspect that the nocturnally present visceral GI discomfort in this patient with RLS was 
the result of a restless gut phenomenon given his complete relief from carbidopa/levodopa and lack of an alternative 
explanation. 
References: 1. Allen, Richard P., et al. "Restless legs syndrome/Willis–Ekbom disease diagnostic criteria: updated 
International Restless Legs Syndrome Study Group (IRLSSG) consensus criteria–history, rationale, description, and 
significance." Sleep medicine 15.8 (2014): 860-873. 2. Pérez-Díaz, Hernando, et al. "Restless abdomen: a 
phenotypic variant of restless legs syndrome." Neurology77.13 (2011): 1283-1286. 3. Baiardi, Simone, et al. "A 
restless abdomen and propriospinal myoclonus like at sleep onset: an unusual overlap syndrome." Case Reports 
2015 (2015): bcr2014206679. 4. Suzuki, Keisuke, et al. "Restless Bladder in an Elderly Woman: An Unusual 
Feature or a Variant of Restless Legs Syndrome?." Internal Medicine 55.18 (2016): 2713-2716. 

572 
Relationship between restless legs syndrome and various factors in pregnancy 
L. Čondić, S. Telarović (Zagreb, Croatia) 
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Objective: The aim of this study was to examine the correlation between previous pregnancies and gestational age 
with the occurrence of RLS in pregnant women and the connection of RLS in the family with the onset of the 
disease in pregnant women and women who are not pregnant. 
Background: RLS is a movement disorder characterized by unpleasant sensations in the legs described as a 
burning, tingling, etc. Symptoms become worse in the evening and are relieved by moving the limbs. 
Methods: The study was conducted on a sample of 231 pregnant women aged 18 to 50. The pregnant women were 
interviewed at the outpatient clinic of the Department of Gynaecology and Obstetrics. The study also included a 
control group of 231 age-compatible non-pregnant women. Women who met the international criteria for diagnosing 
the syndrome filled in a sociodemographic questionnaire. 
Results: Statistically significant correlations between gestational ages greater than 16 weeks and RLS have been 
demonstrated, as well as the correlation of positive family history of this syndrome and its occurrence in the sample 
of pregnant women and non-pregnant women who were examined. A statistically significant link between the 
number of pregnancies and RLS in the sample of pregnant women tested has not been established. 
Conclusions: RLS more often occurs after the 16th week of pregnancy and in pregnant women and non-pregnant 
women with cases of RLS in the family. In this study, no correlation has been proven between the number of 
previous pregnancies and RLS. 
References: References 1. Ekbom K, Ulfberg J. Restless legs syndrome. Intern Med 2009;266(5):419-31. 2. Cotter 
PE, O’Keeffe ST. Restless leg syndrome: is it a real problem? Ther Clin Risk Manag 2006;2(4):465–475. 3. 
Srivanitchapoom P, Pandey S, Hallett M. Restless legs syndrome and pregnancy: A review. Parkinsonism Relat 
Disord 2014;20(7):716–722. 4. Patrick LR. Restless legs syndrome: pathophysiology and the role of iron and folate. 
Altern Med Rev 2007;12(2):101-12. 5. Gupta R, Dhyani M, Kendzerska T, Pandi-Perumal SR, BaHammam AS, 
Srivanitchapoom P, et al. Restless legs syndrome and pregnancy: prevalence, possible pathophysiological 
mechanisms and treatment. Acta Neurol Scand 2016;133(5):320–329. 6. Tan M, Bourjeily G. Shaking Up 
Perspectives of Restless Legs Syndrome in Pregnancy. J Clin Sleep Med 2017;13(7):857–858. 7. Facco FL, Kramer 
J, Ho KH, Zee PC, Grobman WA. Sleep disturbances in pregnancy. Obstet Gynecol 2010;115(1):77-83. 8. Chen 
PH, Liou KC, Chen CP, Cheng SJ. Risk factors and prevalence rate of restless legs syndrome among pregnant 
women in Taiwan. Sleep Med 2012;13(9):1153-7. 9. Suzuki K, Ohida T, Sone T, Takemura S, Yokoyama E, 
Miyake T. The prevalence of restless legs syndrome among pregnant women in Japan and the relationship between 
restless legs syndrome and sleep problems. Sleep 2003;26(6):673-7. 10. Lee KA, Zaffke ME, Baratte-Beebe K. 
Restless legs syndrome and sleep disturbance during pregnancy: the role of folate and iron. J Womens Health Gend 
Based Med 2001;10(4):335-41. 11. Neau JP, Marion P, Mathis S, Julian A, Godeneche G, Larrieu D, et al. Restless 
legs syndrome and pregnancy: follow-up of pregnant women before and after delivery. Eur Neurol 2010;64:361-6. 
12. Didriksen M, Rigas AS, Allen RP, Burchell BJ, Di Angelantonio E, Nielsen MH, et al. Prevalence of restless 
legs syndrome and associated factors in an otherwise healthy population: results from the Danish Blood Donor 
Study. Sleep Med 2017;36:55-61. 13. Dhawan V, Ali M, Chaudhuri KR. Genetic aspects of restless legs syndrome. 
Postgrad Med J 2006;82(972):626–629. 14. Schormair B, Zhao C, Bell S, Tilch E, Salminen AV, Pütz B, et al. 
Identification of novel risk loci for restless legs syndrome in genome-wide association studies in individuals of 
European ancestry: a meta-analysis. Lancet Neurol 2017;16(11):898-907. 15. Bollu PC, Yelam A, Thakkar MM. 
Sleep Medicine: Restless Legs Syndrome. Mo Med 2018;115(4):380-387. 16. Dunietz GL, Lisabeth LD, Shedden 
K, Shamim-Uzzaman QA, Bullough AS, Chames MC, et al. Restless Legs Syndrome and Sleep-Wake Disturbances 
in Pregnancy. J Clin Sleep Med 2017;15;13(7):863-870. 17. Burman D. Sleep Disorders: Restless Legs Syndrome. 
FP Essent 2017;460:29-32. 

573 
Effect of Speech therapy in the sleep of patients with Machado-Joseph disease (MJD) or spinocerebellar 
ataxia type 3 (SCA3) 
G. Diaféria, J.L. Pedroso, S. Park, F. HADDAD, L. Haddad, L. Prado, G. Prado, O. Barsottini (SÃO PAULO, 
Brazil) 
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Objective: The objective of this study was to evaluate, through polysomnography, the effect of myofunctional 
therapy in patients with spinocerebellar ataxia type 3. 
Background: SCA3/MJD is the most common autosomal dominant-subtype of ataxia worldwide. The disease 
comprises a wide range of clinical manifestations, which include cerebellarataxia, parkinsonism, dystonia, 
peripheral neuropathy, pseudoexophthalmos, lowermotor neuron disease, with fasciculations and amyotrophy. 
Recent clinical data has demonstrated high incidence of sleep complaints in SCA3/MJD. Likewise, sleep complaints 
have been considered as an important modifier of health-related quality of life in SCAs. The most frequent reported 
sleep complaints in SCA3/MJD are restless legs syndrome (RLS), REM sleep behavior disorder (RBD), excessive 
daytime sleepiness (EDS), sleep apnea, and insomnia. These sleep disorders might be a frequent non-motor 
symptom in SCA3/MJD. However, studies evaluating sleep parameters after speech therapy in patients with ataxia 
are scarce. 
Methods: Prospective and longitudinal study with 10 individuals, aged between 26 and 64 years, with diagnosis 
of  SCA3/MJD confirmed by genetic test or individual with ataxia, in follow-up at the General and Ataxia 
Neuroscience outpatient clinic of Universidade Federal de São Paulo/UNIFESP, with approval at the Ethics and 
Research Committee of the UNIFESP (CEP 1206/2016). All patients underwent evaluations before and after the 
three months of the study. Evaluations included the Epworth Sleepiness Scale (ESS), polysomnography, and a 
myofunctional evaluation. 
Results: The study sample comprised 10 patients who had a mean age of 48.8±12.9 years, a body mass index of 
24±5.7 kg/m2. The myofunctional therapy group showed decreased AHI (pre 14.1±13.3 and after therapy 7.1±6.3 
p<0.001) and snoring high to low intensity. Table 1 and 2.The myofunctional therapy group also showed 
improvements in tongue and soft palate muscle strength. However, there was not a significant improvement in ESS 
(pre 15.6±3.4 and after therapy 13.7±5.6 p>0.05). 
Conclusions: The muscular exercise program for the oropharynx of individuals with MJD proposed in the present 
study was able to reduce the frequency and intensity of snoring, and the severity of apnea, and may be considered an 
alternative treatment to improve sleep and quality of life in appropriately selected patients with MJD with OSA. 
References: Darley FL, Aronson AE, Brown JR. Differential diagnostic patterns of dysarthria. J Speech Hear 
Res.1969;12:246-269. Duffy JR. Motor Speech disorders. Substrates, differential diagnosis, and management. St 
Louis: Mosby, 1995. Crary MA, Mann GD, Groher ME. Initial psychometric assessment of a functional oral intake 
scale for dysphagia in stroke patients. Arch Phys MedRehabil. 2005; 86(8):1516-20. 
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574 
REM density in isolated REM sleep without atonia 
F. Dijkstra, M. Viaene, I. De Volder, P. Cras, D. Crosiers (Edegem, Belgium) 
Objective: To investigate REM density in patients with isolated REM sleep without atonia. 
Background: Isolated RSWA (iRSWA) is regarded as a prodromal phase of REM sleep behavior disorder and 
subsequently of an underlying synucleinopathy (e.g. Parkinson’s disease) [1]. Defining a polysomnographic 
phenotype of iRSWA patients, with the focus on prodromal PD variables, is important for improving RSWA 
diagnosis. One of the polysomnographic variables is REM density: the number of Rapid Eye Movements per hour 
during REM sleep. REM density is typically decreased in PD [2] and increased in patients with major depression [3] 
and narcolepsy [4]. In this study, we have evaluated REM density in iRSWA patients. 
Methods: We compared REM density in 50 iRSWA patients with 40 control individuals. All subjects underwent a 
classic video polysomnography and a clinical assessment. RSWA and other sleep parameters were scored according 
to the AASM manual. REM density was calculated automatically (REM/hour). Differences between groups were 
calculated using a univariate GLM, adjusted for age and gender. Correlations between REM density and both phasic 
and tonic RSWA percentage were calculated with Pearson's correlation coefficient, adjusted for age and gender. 
Results: Mean REM density was 343.9 ± 112.5 in the iRSWA group and 266.5 ± 92.1 in the control group 
(p=0.001). Furthermore, we found a positive correlation between REM density and phasic RSWA (r=0.36, P=0.001) 
as well as tonic RSWA (r=0.23, P=0.032). 
Conclusions: These findings suggest that an increase in RSWA is associated with an increase in REM density and 
both variables probably share an overlapping pathophysiology. 
References: [1] B. Högl, A. Stefani, A. Videnovic. Idiopathic REM sleep behaviour disorder and neurodegeneration 
— an update.Nat Rev Neurol 14 (2018) 40–55. [2] L.A. Schroeder, O. Rufra, N. Sauvageot, F. Fays, V. Pieri, N.J. 
Diederich. Reduced Rapid Eye Movement Density in Parkinson Disease: A Polysomnography-Based Case-Control 
Study. Sleep 39 (2016) 2133–2139. [3] F.G. Foster, D.J. Kupfer, P. Coble, R.J. McPartland. Rapid eye movement 
sleep density. An objective indicator in severe medical-depressive syndromes. Arch Gen Psychiatry 33 (1976) 
1119–1123. [4] J. Vanková, S. Nevsímalová, K. Sonka, N. Spacková, K. Svejdová-Blazejová. Increased REM 
density in narcolepsy-cataplexy and the polysymptomatic form of idiopathic hypersomnia. Sleep 24 (2001) 707–
711. 
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Does REM Sleep Behavior Disorder Change in the Progression of Parkinson's Disease? 
M. Figorilli, A. Marques, M. Meloni, B. Pereira, M. Puligheddu, F. Durif, M.L. Fantini (Clermont-Ferrand, France) 
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Objective: We aim to longitudinally evaluate clinical and neurophysiological features of REM sleep behavior 
disorder (RBD), including REM Sleep Without Atonia (RSWA) in Parkinson’s Disease (PD) patients with RBD 
(PDRBD) at baseline and after 3-years-follow-up, in order to ascertain whether or not RBD is a stable feature in PD. 
Moreover, we aim to assess whether the changes of RSWA parallel the clinical progression of PD. 
Background: RBD in PD may be associated with a malignant phenotypecharacterized by a heavier burden of 
disease, in both motor and non-motor domains, and by an increased risk of dementia.(1)However, a remission of 
RBD symptoms is occasionally observed in PD patients over time. Despite its prognostic value, little is known about 
the evolution of RBD in PD, regarding both its clinical and neurophysiological features. 
Methods: Twenty-two (17M, mean age 64.0±6.9years) moderate-to-advanced PD patients (mean PD duration at 
baseline: 7.6±4.8years) with RBD, underwent one-night video-polysomnographic recording and an extensive 
clinical and neuropsychological assessment at baseline and after 3-years. RSWA changes were correlated (Pearson 
or Spearman) to the evolution of clinical and neuropsychological data. 
Results: At follow-up, the self-assessed frequency of RBD symptoms increased in 6 patients, decreased in 6 and 
remained stable in 10, while RSWA measures significantly increased in all subjects. Patients also had worse Hoehn 
and Yahr stages (p=0.02), higher dopaminergic doses (p=0.05) and they performed significantly worse in phonetic 
and semantic fluency tests (p=0.02;p=0.04). Changes in RSWA correlated significantly with the increase in 
dyskinesia (r=0.61,p=0.05) and motor fluctuation (r:0.54,p=0.03) scores, and with the worsening of executive 
functions (r0.78,p=0.001) and visuo-spatial perception (r=-0.57, p=0.04). 
Conclusions: Despite the subjective improvement of RBD symptoms in one-fourth of PD patients, all RSWA 
measures increased significantly at follow up, and their change correlated with the clinical evolution of motor and 
non-motor symptoms. Thus, RBD may represent a long-lasting feature in PD and RSWA may be a marker of the 
disease’s progression.In light of the stability of RBD and its prognostic implication in PD, early PDRBD patients 
may represent ideal candidates for neuroprotective and disease-modifying trials, when they will be hopefully 
available. 
References: 1.Fereshtehnejad S-M, Romenets SR, Anang JBM, Latreille V, Gagnon J-F, Postuma RB. New Clinical 
Subtypes of Parkinson Disease and Their Longitudinal Progression: A Prospective Cohort Comparison With Other 
Phenotypes. JAMA Neurol. 2015 Aug 1;72(8):863. 

576 
Neuropsychological and behavioral profile of patients with isolated REM sleep behaviour disorders (iRBD) 
and patients with RBD associated with Parkinson’s Disease (PDRBD) 
M. Figorilli, P. Pisanu, M.G. Mascia, M. Meloni, R.M. Lecca, G. Gioi, P. Congiu, L. Tamburrino, G. Defazio, M. 
Fantini, M. Puligheddu (Monserrato, Italy) 
Objective: We aimed to compare the neuropsychological and psychobehavioral profile of patients with iRBD and 
PDRBD. 
Background: REM Sleep Behavior Disorder (RBD) is considered as a prodromal markers of an alpha-
synucleinopathy, including Parkinson disease (PD).(1)Moreover, RBD is found in about 50% of patients with PD 
(PDRBD), representing a marker of more malignant phenotype with an increased risk for dementia.(2) 
Methods: Twenty-five PDRBD patients (M=18; mean age: 67.8±7.5yrs, mean education 9.1±4.1 yrs) and forty-two 
iRBD patients (M=32; mean age: 70.5±8.2yrs; mean education: 8.7±4.1yrs) were enrolled. RBD diagnosis was 
made according to standard diagnostic criteria.(3)All participants underwent a comprehensive neuropsychological 
and behavioral assessment, including evaluation of verbal and visuospatial episodic memory, short-term memory, 
working memory, semantic and phonemic fluency and visuospatial/visuoconstructional abilities, executive 
functions, depression, anxiety and alexithymia. 
Results: No significant differences were found between the two groups in terms of education and gender 
distribution. PDRBD patients were significantly younger than iRBD patients (p=0.0438). PDRBD patients 
performed significantly worse than iRBD patients in the Rey 15 memory test (p=0,0322) and in the Visual Object 
and Space Perception (VOSP) battery test (dot counting subtest p=0,0312). However, no differences were found 
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between PDRBD and iRBD patients concerning behavioral profile, namely depression, anxiety and alexithymia. 
Moreover, 2/42(4.8%) iRBD patients showed an amnestic multidomain mild cognitive impairment (MCI), 
13/42(31.0%) iRBD patients a non-amnestic (executive) single domain MCI. On the other hand, 7/25(28%) PDRBD 
patients showed a non-amnestic multidomain concerning executive functions and visuospatial abilities. 
Conclusions: PDRBD patients showed worse neuropsychological performances compared to iRBD patients, namely 
in long term memory and visuo-spatial abilities, but MCI was observed in approximately one third of patients in 
both iRBD and PDRBD groups. Furthermore, no differences in behavioral profile including depression, anxiety and 
alexithymia, were found between PDRBD and iRBD patients, suggesting that psychobehavioral changes are present 
since the very early stage of the neurodegenerative process. 
References: 1. Postuma RB. Prodromal Parkinson’s disease--using REM sleep behavior disorder as a window. 
Parkinsonism Relat Disord. 2014 Jan;20 Suppl 1:S1-4. 2. Fereshtehnejad S-M, Romenets SR, Anang JBM, Latreille 
V, Gagnon J-F, Postuma RB. New Clinical Subtypes of Parkinson Disease and Their Longitudinal Progression: A 
Prospective Cohort Comparison With Other Phenotypes. JAMA Neurol. 2015 Aug 1;72(8):863. 3. ICSD-3 Online 
Version - American Academy of Sleep Medicine (AASM) [Internet]. AASM. 2015 [cited 2015 Jan 10]. Available 
from: http://www.aasmnet.org/store/product.aspx?pid=849 

577 
Severity of REM sleep without atonia (RSWA) correlates with cognitive functions in patients with REM sleep 
behaviour disorder (RBD) 
M. Figorilli, P. Pisanu, M. Mascia, M. Meloni, R. Lecca, G. Gioi, P. Congiu, L. Tamburrino, G. Defazio, M.L. 
Fantini, M. Puligheddu (Monserrato, Italy) 
Objective: to assess the correlations between the severity of RSWA and cognitive functions in patients with RBD, 
both isolated (iRBD) and associated to Parkinson’s Disease (PDRBD). 
Background: RBD might represent a prodromal markers of Parkinson’s disease and other alpha-
synucleinopathies(1) Moreover, RBD in PD may be associated with a malignant phenotype with an increased risk 
for dementia.(2) 
Methods: Sixty-seven RBD (M=50, mean age 69.5±8.0yrs, including 25PDRBD and 42iRBD) were enrolled. RBD 
diagnosis was made according to standard criteria.(3)Severity of RSWA was quantified according to the Montreal 
(%tonic and phasic chin EMG activity), and the SINBAR scoring method (%any, either tonic or phasic chin EMG 
activity combined with bilateral upper limbs EMG activity).(4,5)All patients underwent a comprehensive 
neuropsychological assessment. Correlations between RSWA measures and neuropsychological data were assessed 
by Pearson. 
Results: Severity of both tonic and “any” components of RSWA showed significant positive correlation with 
inhibition and selective attention (r=0.332,p=0.023), visuo-constructional abilities (r=-0.330,p=0.022), phonemic 
fluency (r=0.459,p=0.001), and significant negative correlation with visuospatial functions(r=-0.519,p=0.001). 
Moreover, severity of phasic component of RSWA showed significant negative correlations with global cognitive 
functions (r=-0.370, p=0.009), long-term verbal memory (r=-0.439,p=0,002), visuoconstructional abilities (r=-
0.586,p<0.000), semantic and phonemic fluency (r=-0.340,p=0.018), visuospatial functions (r=-0.462,p=0.001), and 
significant positive correlation with inhibition and selective attention(r= 0.295,p=0.047), working memory 
(r=0.574,p=>0.000). Moreover, a significant correlation was found between severity, of both phasic, tonic and any 
components of RSWA and the total score of the Hospital Anxiety and Depression Scale (r=0.360,p=0.034). 
Conclusions: The severity of RSWA, especially its component related to phasic EMG activity, correlates with 
cognitive functions, particularly with visuospatial abilities and with the executive functions, in a sample of RBD 
patients. Furthermore, severity of phasic components of RSWA showed significant correlation with anxiety and 
depression in these patients. Further studies will assess the relationships between RSWA and cognitive functions in 
each of the two RBD populations (iRBD and PDRBD). 
References: 1. Postuma RB. Prodromal Parkinson’s disease--using REM sleep behavior disorder as a window. 
Parkinsonism Relat Disord. 2014 Jan;20 Suppl 1:S1-4. 2. Fereshtehnejad S-M, Romenets SR, Anang JBM, Latreille 
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V, Gagnon J-F, Postuma RB. New Clinical Subtypes of Parkinson Disease and Their Longitudinal Progression: A 
Prospective Cohort Comparison With Other Phenotypes. JAMA Neurol. 2015 Aug 1;72(8):863. 3. ICSD-3 Online 
Version - American Academy of Sleep Medicine (AASM) [Internet]. AASM. 2015 [cited 2015 Jan 10]. Available 
from: http://www.aasmnet.org/store/product.aspx?pid=849 

578 
Social Network for the diagnosis of RLS 
C. Guerra-Galicia, J. Blanco-Galina (San Luis Potosí, Mexico) 
Objective: Identify patients with RLS using social media, describe time of evolution, previous diagnosis, treatment, 
symptoms severity and quality of life perception. 
Background: RLS is a rest-induced, movement-responsive, mostly nocturnal, urge to move the legs, with a 
prevalence of 4 to 29%. According to the REST study, 5% of adults have RLS symptoms at least once a week. 
Altough several epidemiologic studies report RLS as one of the most common movement disorders in clinical 
practice, it is commonly under-diagnosed by general practicioners and specialists. It can be misdiagnosed as 
arthritis, depression, anxiety, parasites, stress, psychogenic, etc. It has a significant socio-economic impact and low 
quality of life. 
Methods: We published the Single Question for RLS (Ferri et al, 2007) on Facebook for 24 hours. Patients with 
affirmative responses were  evaluated by a movement disorders specialists, to confirm diagnosis, define the severity 
of symptoms and assess quality of life. Demographic data, time of symptoms evolution, previous diagnosis and 
treatment data were collected. 
Results: 37% subjects responded affirmatively the Single Question in 24 hours (19 out of 51). 73.6% were female, 
mean age 31.7 years old (33.7 years old for men). All subjects were economically active, with at least one college 
degree and with negative past medical history. 
18 patients were confirmed to have RLS after MD-specialists consult. All of the RLS confirmed subjects had 
previously reported leg symptoms to their physician at least 4 times, mean time of evolution of 4.7 years prior to our 
study. 63% of them were treated by a family physician, 15.7% by a psychiatrist, and 26% by other physician 
(neurologists, gynecologist and internal medicine specialists). None of them were diagnosed with RLS. 88% of them 
had moderate to severe symptoms, and 75% considered to have a negative impact in their QoL. Common diagnosis 
were anxiety (46%), arthritis (30%), polyneuropathy (16%) and muscle cramps (8%). Benzodiazepines were the 
most frequently single prescribed drug (73%) followed by pregabalin (20%) and vitamins (7%). 45% of the subjects 
were under two drugs, ISRS/TCA with benzodiazepines. Only 16% of the subjects considered to have a good 
control of their symptoms. 
Conclusions: Social networks can be an easy way to detect RLS patients, it can alse be used to screen under-
diagnosed diseases, helping patients to reach an appropiate diagnosis and treatment, and, hopefully, improve their 
QoL perception. 
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580 
Augmented Brain Wave Synchronicity in Sleep in Parkinson’s Disease Patients 
A. Hohler, O. Vaou, X. Zhang, J. Wang, A. Quaicoe, F. Lombardi, R. Endelapour, J. Holsapple, P. Ivanov 
(Brighton, MA, USA) 
Objective: Sleep dysfunction in Parkinson’s disease (PD) is a commonly reported symptom. 
Background: Analysis of brain wave synchronicity may help to unravel this phenomenon and serve to support a 
diagnosis of Parkinson’s disease. 
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Methods: We analyzed EEG output signals from different physiological systems that are synchronously and 
continuously recorded during night-time sleep (polysomnographic recordings) from 97 healthy subjects (51 female, 
46 male, ages 50-95 years) and 40 Parkinson’s disease patients (11 female, 29 male) Time Delay Stability (TDS) 
method represents the degree of coupling between different frequency bands across brain locations as evaluated via 
EEG. Segments of brain EEG power are evaluated at defined time windows. Coordinated bursts lead to pronounced 
cross-correlation within each time window. A time lag can occur between the two signals in physiological coupling, 
this is defined as time delay stability (TDS). The fraction of time when TDS is observed in the EEG recording, 
quantifies the degree of coupling strength. Longer periods of TDS reflect stronger coupling. 
Results: Parkinson’s patients show much stronger and denser interaction comparing to healthy subjects. There are 
stronger and denser network interactions during wake and light sleep (LS), weaker and sparser network interactions 
during REM and deep sleep (DS) (with MW tests p ≤ 0.014, except in the PD group, comparing the link number 
between wake vs REM p = 0.169, and between LS vs DS p = 0.056) Brain-waves interaction networks for 
Parkinson’s patients show significantly higher link number and links strength compared to healthy subjects (with 
MW tests p ≤ 0.012, except in LS p ≈ 0.07). 
Conclusions: In patients with Parkinson’s Disease there is a disturbance in the basic physiologic regulation and 
stratification of signaling during sleep with more synchronicity compared to normal subjects. 

581 
Entity of excessive daytime sleepiness in Parkinson’s disease 
O. Iakovleva, O. Levin, M. Poluektov (Moscow, Russian Federation) 
Objective: To examine frequency and reasons of excessive daytime sleepiness (EDS) in patients with Parkinson’s 
disease (PD). 
Background: Neurodegeneration and dopaminergic medications are known to be the main reasons of EDS in PD. 
However, complexity and diversity of PD symptoms can lead to development of EDS due to other factors. 
Methods: PD patients [N=90 (50M); 65,0±8,4 years old; 4,6±3,1 (0.3-12) years motor disease duration, HY range 
1-3, mean MoCA score 25.8±1.9 (21-30)] underwent clinical evaluation including MDS-UPDRS, Epworth 
Sleepiness Scale (ESS), PD sleep scale - 2 (PDSS-2). EDS was diagnosed according to ESS, with cutoff of 10. 40 
patients with EDS underwent polysomnography and multiple sleep latency test (MSLT). 
Results: Out of the 90 patients, 53,3% had EDS (PD-EDS). PD-EDS patients more frequently were males (32/48 
versus 15/42, p=0,017), had prominent axial and gait impairment (8,4±4,5 versus 5,8±4,9, p=0,016), hallucinations 
(21% versus 4,5%, p=0,04), longer disease duration (5,0±2,9 versus 3,7±3,1, p=0,04) and higher levodopa 
equivalent dose (LED)  (600,5±324,4 mg versus 415,4±273,1 mg, p=0,04). According to results of MSLT, patients 
with EDS were divided into groups: patients with hypersomnia (sleep latency (SL) ≤ 8 min) and subjective EDS (SL 
> 10 min). Main reasons of hypersomnia were defined: 1 – due to use of dopamine agonists – 42,5% (n=17), 2 –due 
to moderate and severe obstructive sleep apnea syndrome (OSAS) – 17,5% (n=7), narcolepsy-like phenotype – 7,5% 
(n=3). Subjective EDS was resulted from orthostatic hypotension (OH) and postprandial hypotension (PH) in 20% 
(n=8) and mood disorders (depression and anxiety) in 12,5% (n=5). Orthostatic probe can help diagnose subjective 
EDS due to autonomic dysfunction because of difference of OH frequency in comparison with other patients (80% 
versus 3%, p<0,0001). Regression analysis found factors associated with EDS development: circadian disorders, 
extracampine hallucinations, PH (R2=0,38, p=0,00027). 
Conclusions: EDS is found in 53,3% of patients and can be divided into hypersomnia and subjective EDS. 
Subjective EDS occurs in 32,5% patients. OH and PH are main contributing factors and orthostatic probe can 
distinguish such patients. Use of dopamine agonists, OSAS and narcolepsy-like phenotype are main reasons of 
hypersomnia in PD patients. Male sex, disease duration and LED, axial and gait impairment, circadian disorders, 
hallucinations and PH are risk factors for EDS in PD patients. 
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582 
Abnormal posture during treatment of restless legs syndrome in an old woman: A case report 
T. Kadowaki, K. Hirata, K. Suzuki, M. Saito, T. Shiina, H. Sakuramoto, M. Hamaguchi (Mibu, Japan) 
Objective: To report a patient with restless legs syndrome (RLS) in whom abnormal posture appeared during 
treatment of that. 
Background: Abnormal posture such as camptocormia appear sometimes during treatment of Parkinson's disease 
with a dopamine agonist. But there is few reports that posture abnormality in a patient with RLS during treatment 
with dopamine agonist. 
Methods: A 74-year-old woman, she treated for RLS with pramipexole 0.375mg per day. Then, four months before 
her first visit our hospital, the symptom of abnormal posture appeared. And it was gradually worsening. At the first 
visit our hospital, her postural abnormality was leaning nine degrees before and 18 degrees to the left. We instructed 
to stop dopamine agonist, because we considered the postural abnormality due to the medicine. 
Results: Two months after stopping oral administration of the drug, her postural abnormality was improving zero 
degrees before and five degrees to the left. 
Conclusions: This case report suggests that it should be considered the possibility of postural abnormality in 
patients with RLS receiving dopamine agonist treatments. 
References: Mano T. Camptocormia Induced by a Dopaminergic Agonist. Clin Neuropharmacol. 2018;41(2):70-72. 

583 
Restless Leg Syndrome In Men: Examination Of Early Non-Motor Clinical Signs Of Parkinson's Disease 
M. Karaoğlan, M. Şenol, H. Tekeli (Istanbul, Turkey) 
Objective: Restless Legs Syndrome (RLS) is a disorder characterized by an abnormal sensation, some sort of 
dysesthesia, which cannot be described especially on the limbs. The main objective of this study is to test taste and 
odor sensations in patients with restless legs syndrome. It is also aimed to examine the relationship between taste 
and odor tests. 
Background: Both Restless Legs Syndrome (RLS) and sense of smell are predicted to be the most prominent 
feature in the pathophysiology of the dopaminergic mechanism. This study is one of the first studies to directly 
examine the odor and taste tests in RLS patients and to show their relation to each other. The relatively small 
number of samples, the lack of sham- controlled and double-blind operation is a weakness of our work. And, studies 
should also be conducted to mathematically formulate the relationship between RLS, TDI, and taste tests. However, 
the strengths of our study are that it is a prospective and original study, filling an area that has not been studied in 
the literature. 
Methods: A total of 100 people participated in the study, all male and over 40 years old. Of these, 50 were healthy 
and volunteered as control group. 50 had complaints of RLS and these were taken as experimental group. Sniffin’ 
Sticks Test Battery was used for odor testing. And, taste strip test was used for the taste test. 
Results: Total Score of Threshold, Discrimination and Identification Odor Tests (TDI) results were calculated as 
37.5 in the healthy group and 32.5 in the RLS group. Also, the averages of the taste test were found as 15.4±0.6 in 
the healthy group; 12.3±2.4 in the RLS group. The differences between groups were significant. Furthermore, the 
correlation coefficient between odor and taste tests was found as +0.72, indicating that there was a “strong positive 
correlation” between the tests. 
Conclusions: The results of our study suggest that there may be a neurodegenerative process in the pathophysiology 
of the subgroup at risk for Idiopathic Parkınson Disease (IPD). When the quality of life is questioned in patients 
with RLS diagnosed, possible losses in smell and taste sensations should be evaluated by clinicians. 

584 
Iron Supplementation for the Treatment of Restless Legs Syndrome – A Systematic Review and Meta-
Analysis 
M. Kestenbaum, N. Lev (Kfar Saba, Israel) 
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Objective: To gather the evidence for the efficacy and safety of iron supplementation for restless legs syndrome 
(RLS). 
Background: Iron supplementation is used for the treatment of restless leg syndrome (RLS). However, optimal 
dosage, route of administration and specific formulation are not known. We sought to gather the evidence for the 
efficacy and safety of iron supplementation for RLS. 
Methods: Systematic review and meta-analysis of randomized controlled trials that compared iron supplementation 
versus no iron for patients with RLS. We searched electronic databases, conference proceedings and web-based 
clinical trials registries. The primary outcome was the effect of iron on the International Restless Legs Syndrome 
score (IRLSS) 4 weeks after treatment. Secondary outcomes included quality of life and sleep scales and adverse 
events. Dichotomous data were analysed by calculating the risk ratio (RR) for each trial. Continuous variables were 
calculated by weighted mean difference (WMD). A fixed effect model was used, except in significant heterogeneity 
between trials, in which random effects model was used. 
Results: Ten trials fulfilled the inclusion criteria. 233 patients were treated by iron versus 222 controls. The 
methodological quality of the included trials was fair to good. Iron therapy was associated with decreased IRLSS of 
-2.04 [95% CI (-4.11)-0.04] points. IV iron was associated with significant decrease of the IRLSS of -3.12 [95% CI 
(-4.85)–(-1.39)] points, derived from Ferric carboxymaltose (FCM) studies. IV iron was associated with an increase 
in the percentage of patients with improved IRLSS, RR of 2.16 [95% CI 1.56-2.98]. Iron was associated with an 
increased rate of adverse events RR 2.04 (95% CI 1.46-2.85), which were not severe and not associated with 
increased rate of treatment discontinuation. 
Conclusions: Iron supplementation with IV FCM is associated with improvement of the IRLSS score. This is not 
achieved with other IV iron formulations or oral iron. Further studies should assess subgroup of patients most likely 
to benefit from IV FCM and the optimal dosage. 

585 
Restless leg syndrome in Neuro-Behcet’s and Behcet’s disease 
M. Kuzu Kumcu, S. Erdoğan, M. Sorgun, C. Yücesan (ANKARA, Turkey) 
Objective: The goal of this study is the comparison of the restless leg syndrome frequency in the BD and NBD 
patients and also to investigate whether depression and anxiety have any effect on the presence of RLS in both 
groups. 
Background: A bunch of studies showed that restless leg syndrome (RLS) may be more frequent in the neuro-
Behçet’s disease (NBD). 
Methods: Patients who were diagnosed with BD and NBD at Ankara University İbni-Sina Hospital 
multidisciplinary outpatient Behçet’s disease clinic and outpatient neurology clinic between January 2014 
and  January  2017 at were included this study. Control group included healthy controls who had compatible age and 
gender to the patients.  Participants’s age, gender, time of the diagnosis and the presence of RLS were 
recorded.  Participants with hypertension, diabetes mellitus and low ferritin level (<20 ng/mL) were excluded. 
Results: Forty BD, 41 NBD patients and 39 healthy controls were included in the study. There were 67 female 
(55.8%) and 53 male (44.2%) in the study. Mean age was 41.6+11.2.  Female/ Male ratio was 1,5 in BD, 1 in NBD 
and 1,3 in the control group. Age and gender were similar in all the groups.Disease duration was 12.5+ 8.5 years in 
BD and 8.6+6.8 years in NBD groups. RLS frequencywas 25% in BD, 26.8% in NBD and 12.8% in control group; 
there was not any difference between three groups (p=0.25). Although it was not found any relationship between the 
presence of depression and RLS (p = 0.97), RLS was more frequent in patients with anxiety (p = 0.001). Frequency 
of anxiety was 73%  in patients with RLS and 35.1% in non-RLS patients (BD 50%, NBD 46.3%, control 33.3%). 
Frequency of depression was 61.5% in patients with RLS  and 44.6% in non-RLS patients (BD 47.5%, NBD 60.9%, 
control 56%). 
Conclusions: RLS frequency is not different in patients with BD, NBD and healthy controls. Moreover, the 
presence of anxiety seems to be related with the presence of RLS. 
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Restless leg syndrome in Neuro-Behcet’s and Behcet’s disease 
M. Kuzu kumcu, S. Erdogan, M. Sorgun, C. Yücesan (Ankara, Turkey) 
Objective: The goal of this study is the comparison of the restless leg syndrome frequency in the BD and NBD 
patients and also to investigate whether depression and anxiety have any effect on the presence of RLS in both 
groups. 
Background: A bunch of studies showed that restless leg syndrome (RLS) may be more frequent in the neuro-
Behçet’s disease (NBD). 
Methods: Patients who were diagnosed with BD and NBD at Ankara University İbni Sina Hospital 
multidisciplinary outpatient Behçet’s disease clinic and outpatient neurology clinic between January 2014 and 
January 2017 were included this study. Control group was consisted of healthy peoples who had compatible age and 
gender to the patients. Participants’ age, gender, time of the diagnosis and the presence of RLS were recorded. 
Patients with hypertension, diabetes mellitus and low ferritin level (<20 ng/mL) were excluded. 
Results: Forty BD, 41 NBD patients and 39 healthy controls were included in the study. There were 67 female 
(55.8%) and 53 male (44.2%) in the study. Mean age was 41.6+11.2. Female/ Male ratio was 1,5 in BD, 1 in NBD 
and 1,3 in the control group. Age and gender were similar in all groups. Disease duration was 12.5+ 8.5 years in BD 
and 8.6+6.8 years in NBD groups. RLS frequency was 25% in BD, 26.8% in NBD and 12.8% in control group; 
there was not any difference between three groups, statistically (p=0.25). Although it was not found any relationship 
between the presence of depression and RLS (p = 0.97), RLS was more frequent in cases with anxiety (p = 0.001). 
Conclusions: Although RLS was more frequent in BD and NBD groups than healthy control, the difference was not 
significant, statistically. This may due to small sample size. The presence of anxiety seems to be related to the 
presence of RLS in all groups. This issue should be evaluated with further researches including more patients. 

587 
Profiling of lipoproteins and associated lipids in serum samples from Idiopathic REM Sleep Behavior 
Disorder patients to identify biomarkers for Parkinson’s disease 
A. Laguna, A. Iranzo, M. Serradell, N. Amigó, O. Yanes, M. Vila (Barcelona, Spain) 
Objective: To perform a lipidomic profile in serum samples from IRBD patients collected before and after their 
conversion to PD and DLB, in order to identify possible biomarkers for risk, onset or disease progression. 
Background: Long-term prospective studies have shown that most patients with IRBD will eventually develop a 
synucleinopathy [1]. The specificity and positive predictive value of IRBD seems to be much higher than any other 
features of the prodromal phase of these diseases [2]. Metabolomic profiling has proved useful to study the 
pathophysiology and to identify biomarkers for a number of diseases, including PD [3,4]. We have focused 
specifically on the analysis of lipoprotein particles [5]. 
Methods: The Liposcale test uses 2D diffusion-edited 1H nuclear magnetic resonance spectroscopy to estimate the 
sizes and the relative proportions of different lipoprotein subclasses, as well as the lipid content of the main classes 
[6]. We have profiled a total of 158 serum samples of individuals in different subgroups: IRBD patients before and 
after the actual phenotypic conversion to a synucleinopathy, IRBD patients that remained disease-free at the time of 
sample extraction, idiopathic Parkinson’s disease (iPD) patients and sex- and aged-matched control subjects (n=16-
36 samples per group). 
Results: In IRBD subjects we found increased levels of VLDL (28.4±12.1 vs 37.7±30.8 nm/L, p=0.031) and 
triglycerides (38.2±14 vs 53±39.5 mg/dl, p=0.031), decreased diameter of LDL particles (21.16±0.171 vs 
21.064±0.21 nm, p=0.031), and decreased levels of HDL cholesterol (52.9±21.7 vs 44.3±20.5 mg/dl, p=0.078) after 
conversion to PD. In those IRBD that converted to DLB, we found decreased levels of LDL triglycerides (319.2±8.9 
vs 13.6±5.5 mg/dl, p=0.005). In general, the manifestation of a synucleinopathy is associated with a profile 
compatible with higher cardiovascular disease risk. 
Conclusions: Our data show that patients with IRBD present changes in their serum lipidomic profile that could be 
used as a blood-based biomarker panel for predicting their long-term conversion to either PD or DLB. Further 
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validation studies in additional and larger cohorts are needed to determine the sensitivity and specificity of the 
possible biomarkers to identify individuals at risk of developing PD or DLB, and also to gain insight into the 
molecular pathogenesis of the disease. 
References: [1] Iranzo, A. et al. Neurodegenerative disease status and post-mortem pathology in idiopathic rapid-
eye-movement sleep behaviour disorder: an observational cohort study. Lancet. Neurol. 12, 443–53 (2013). [2] 
Iranzo, A. et al. Neuropathology of prodromal Lewy body disease. Mov. Disord. 29, 410–5 (2014). [3] Han, W., 
Sapkota, S., Camicioli, R., Dixon, R. A. & Li, L. Profiling novel metabolic biomarkers for Parkinson’s disease using 
in-depth metabolomic analysis. Mov. Disord. 32, 1720–1728 (2017). [4] Stoessel, D. et al. Promising metabolite 
profiles in the plasma and CSF of early clinical Parkinson’s Disease. Front. Aging Neurosci. 10, 51 (2018). [5] 
Sterling,N.W. et al. Higher plasma LDL-Cholesterol is associated with preserved executive and fine motor functions 
in Parkinson’s Disease. Aging and Disease 7 (3), 237-245 (2016). [6] Mallol, R. et al. Liposcale: a novel advanced 
lipoprotein test based on 2D diffusion-ordered 1H NMR spectroscopy. Journal of lipid research 56, 737–46 (2015). 
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589 
Automatic quantification of micro-sleep stability in isolated REM sleep behavior disorder and Parkinson’s 
disease 
M.-L. Muntean, M. Cesari, F. Sixel-Döring, B. Mollenhauer, J.A.E. Christensen, H.B.D. Sorensen, P.J. Jennum, C. 
Trenkwalder (Kassel, Germany) 
Objective: To investigate micro-sleep stability in patients with Parkinson’s disease (PD) with REM sleep behavior 
disorder (PD+RBD), PD patients without RBD (PDnoRBD), patients with isolated RBD (iRBD) and neurologically 
healthy controls (HC) using an automated algorithm. 
Background: REM and NREM sleep stability has been seen to progressively decrease in iRBD and PD when using 
a data-driven method to score 30-s sleep epochs [1]. No study has analyzed micro-sleep stability in relation to 
neurodegeneration. 
Methods: A total of 30 de novo PD+RBD patients, 57 de novo PDnoRBD patients , 31 patients with iRBD, and 41 
HC were investigated with video-polysomnography. For micro-sleep staging, we used a validated algorithm that 
scored each 5-s sleep mini-epoch as either wakefulness (W), REM or NREM sleep [2]. For each mini-epoch, the 
algorithm returned a prediction confidence score. To reduce the algorithm bias we removed from further analysis the 
mini-epochs predicted with low confidence. The following micro-sleep stability indices were computed: wake-sleep 
(W-S) transition index (the number of transitions from wake to sleep, or vice-versa, per total sleep time), and the 
REM and NREM fragmentation indices (the number of transitions from REM or NREM to another stage per hour of 
REM or NREM sleep respectively). 
Results: After removing mini-epochs where the sleep stage prediction had low confidence, the micro-sleep stability 
indices were analysed in 90.05±4.15% of the total mini-epochs in HC, 88.87±7.86% in PDnoRBD, 81.61±7.38% in 
iRBD and 81.10±8.00% in PD+RBD. All indices were significantly higher in iRBD and PD+RBD patients than in 
HC and PDnoRBD (Table 1). 
[Table 1] 
Conclusions: Significantly increased micro-sleep instability in iRBD and PD+RBD compared to PDnoRBD and HC 
suggests that RBD may compromise the networks responsible for keeping sleep stable. The pathophysiology of 
micro-sleep instability should be investigated in future studies. 
References: 1.Christensen JAE, Jennum P, Koch H, et al. Sleep stability and transitions in patients with idiopathic 
REM sleep behavior disorder and patients with Parkinson’s disease. Clin Neurophysiol. 2016;127(1):537-543. 
2.Cesari M, Christensen JAE, Sixel-Döring F, et al. A Clinically Applicable Interactive Micro and Macro-Sleep 
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Staging Algorithm for Elderly and Patients with Neurodegeneration. Submitt to 41st IEEE Eng Med Biol Conf. 
2019. 

 

590 
Is Restless Legs Syndrome Usual in Patients with Sickle Cell Disease and Beta Thalassemia? 
E. Okuyucu, M. Guntel, E. Ucar, G. Oktay (Hatay, Turkey) 
Objective: Beta thalassemia and sickle cell disease (SCD) are world-wide heamatologic diseases. The aim of this 
study is to explore the prevalence and severity of RLS in these two types of anemias. 
Background: Both SCD and β-thalassemia patients often suffer from various vascular complications together with 
increased oxidative stress. Restless legs syndrome (RLS) can be seen to accompany these two diseases. But, the 
pathophysiological pathways can be different or the same. 
Methods: From September of 2016 to April of 2017, a total of 43 patients (22 with SCD, 21 with beta thalassemia) 
were recruited from the thalassemia units of the Hospitals of Antakya, Hatay, Turkey. They were screened for RLS, 
whose RLS symptoms were scored according to severity. Also 43 sex- and age-matched healthy control group 
individuals and patients were screened for RLS. 
Results: The prevalence of RLS in these separate two groups of anemia was significantly higher than the normal 
population. 
Conclusions: Although the pathophysiology of RLS is still not fully understood, SCD and beta thalassemia patients 
may have RLS symptoms, probably due to different causes. Neuropathy can be the most probable one instead of 
iron deficiency. 

591 
Treatment of dopaminergic augmented RLS with Ecopipam, A D1 specific antagonist: an exploratory 
placebo controlled cross-over trial 
W. Ondo, O. Titlayo (Houston, TX, USA) 
Objective: To establish initial safety and preliminary efficacy of ecopipam, a D1 specific antagonist in patients 
currently taking dopamine agonist and demonstrating augmentation. 
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Background: Dopamine agonists (DA) initially dramatically improve restless legs syndrome (RLS), however long-
term treatment often results in augmentation, where the baseline RLS intensity markedly worsens. There is no 
established strategy aside from DA discontinuation, which is extremely difficult. D2 antagonists typically worsen 
RLS.  Based on animal studies, upregulation of dopamine type 1 receptors in the spinal cord is hypothesized to 
account for augmentation. We tested the safety and explored efficacy of ecopipam, the only D1 specific antagonist 
(DA), in a population of RLS patients with dopamine agonist induced augmentation. 
Methods: This is an exploratory controlled 6 week/arm, 2 week wash-out, cross-over trial of ecopipam (25mg-
100mg) vs. placebo. Patients continued their dopamine agonists. Ecopipam tolerability was primary. Efficacy 
assessments included the IRLS, RLS diaries, and clinical global impressions. 
Results: 9/10 subjects completed the trial, 1 dropped for logistical reasons after the first leg, which was active drug. 
Tolerability was very good. The most common adverse event was sedation (5 drug vs 3 placebo). There was no 
rebound exacerbation after ecopipam discontinuation and no one report RLS exacerbation. Efficacy results were 
complicated by a carry-over effect and placebo response. CGI favored active drug 3.30 vs 3.94, but did not correlate 
with IRLS scores, which were not significantly different, and showed very high variance. Three- day RLS diary data 
favored active drug (10.2 hours vs. 15.0 hours), p=0.2. 
Conclusions: Ecopipam was well tolerated and demonstrated encouraging preliminary efficacy results in augmented 
RLS patients.  Larger trials in augmented RLS, and potentially de novo RLS, are warranted. 
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593 
Modulation of the Startle Response in REM Sleep Behavior Disorder 
M. Puligheddu, M. Figorilli, M.L. Fantini, M. Carta, F. Traccis, R. Frau, P. Devoto, D. Pani, M. Bortolato 
(Monserrato, Italy) 
Objective: To detect changes in the modulation of the Startle Reflex induced by brainstem circuitry abnormalities 
both in isolated and PD related Rem Behaviour Disorder (RBD). 
Background: Isolated form of RBD (IRBD), a parasomnia characterized by loss of normal muscle atony, vivid 
dreams and complex behaviors during REM sleep, is likely to convert ( 90%) to a neurodegenerative diseases of the 
alpha-synucleopathy group, mainly Parkinson's disease (PD)1. RBD derives from excitatory and inhibitory input 
imbalance in different areas of the brainstem, including the laterodorsal-pedunculopontine complex (LTD-PPN)2. 
These structures are also involved in the execution and modulation of the startle reflex, a defensive response 
consisting of muscle contraction in reaction to sudden sensory stimuli3. Auditory startle responses (ASR) have been 
reported absent or reduced in parkinsonism disorders4. 
Methods: A total of 60 male and female subjects, aged 40-80 yrs. (namely 3 groups of 20 gender-and age-matched 
patients with IRBD, PD-RBD and healthy controls) were recruited (after signing the informed consent) from 
outpatients and their relatives at the Movement Disorder and Sleep Centers in Cagliari. RBD and PD diagnosis was 
made according to international criteria. The study included one night video-polysomnography recording, a 
neuropsychological assessment and a [123I]-FP-CIT dopamine transporter (DAT) scan where a semi-quantitative 
age-adjusted basal nuclei values BasGanV24 algorithm was used5. Startle Reflex was acquired by means of SR-
HLABTM EMGÒ and latency and amplitude of Startle Response measured6. All indices will be compared between 
groups by two-way analyses of variance (ANOVAs). 
Results: Twenty PDRBD patients (M=18; mean age:67.8±7.5 yrs, mean education 9.1±4.1 yrs), 20 iRBD patients 
(M=17; age:70.5±8.2; edu: 8.7±4.1 yrs.) and 20 sex- and age-matched control were enrolled. Among iRBD patients, 
n=15 had abnormal DAT-Scan and n= 6 had Mild Cognitive Impairment. An alteration of the startle reflex (latency 
prolongation) was observed in RBD with or without PD, compared to healthy controls (ANOVA one-way p <0.05), 
while no difference in amplitude was found. 
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Conclusions: Startle reflex is altered in both iRBD and PDRBD. Changes in iRBD may indicate an early expression 
of the neurodegenerative process underlying this disorder at the brainstem level, persisting in PDRBD. Startle 
Response might represent a tool to explore brainstem neurophysiology in RBD. 
References: 1Iranzo, A., Santamaria, J. & Tolosa, E. Idiopathic rapid eye movement sleep behaviour disorder: 
diagnosis, management, and the need for neuroprotective interventions. Lancet Neurol. 15, 405–419 (2016). 2 
Peever J, Luppi PH, Montplaisir J. Breakdown in REM sleep circuitry underlies REM sleep behavior disorder. 
Trends Neurosci. 2014 May;37(5):279-88 3 Calvini P, Rodriguez G, Inguglia F, Mignone A, Guerra UP, Nobili F. 
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594 
Sleep disordered breathing and REM sleep behavior disorder in military Veterans with Parkinson’s disease 
A. Sarwar, S. Moore (Houston, TX, USA) 
Objective: To study the association of sleep disordered breathing with REM sleep behavior disorder in US military 
Veterans with Parkinson’s disease. 
Background: Both REM sleep behavior disorder (RBD) and sleep disordered breathing (SDB) are common in 
patients with Parkinson’s disease (PD). Prior smaller studies involving non-Veterans from other countries have 
found SDB to be more frequent and severe in PD patients with RBD. No such observation in US military Veterans 
has been reported. 
Methods: 126 Veterans with PD followed in our movement disorders clinic were evaluated for the presence of RBD 
using the English language version of the REM Sleep Behavior Disorder Questionnaire-Hong Kong (RBDQ-HK) 
[cut off score 20]. Groups with and without RBD were assessed for risk for SDB using modified Berlin 
Questionnaire. All subjects were screened for excessive daytime sleepiness using Epworth Sleepiness Scale (ESS) 
[cut off score 10]. PD disease severity and cognition were assessed using Hoehn and Yahr rating scale (H&Y) and 
Unified Parkinson’s Disease Rating Scale (UPDRS), respectively. 
Results: The groups with and without RBD included 64 and 62 subjects respectively. SDB risk as estimated 
by three category 1 questions of modified Berlin questionnaire (Snoring, Gasping, Observed Apneas) was 
significantly increased in the group with RBD as compared to the one without. However, when the groups were sub-
divided into “Sleepy” (ESS ≥ 10) and “Non-Sleepy” (ESS <10), the significant difference was only noted in the 
“Sleepy” group.The groups were comparable with respect to age, gender distribution, disease severity (H&Y, 
median=2.0 for both), and cognition (UPDRS question 1, median=1 for both). 
Conclusions: The risk for sleep disordered breathing is higher in US military Veterans with Parkinson’s disease 
who also endorse symptoms suggestive of REM sleep behavior disorder. Day time sleepiness may be a biomarker 
for this association in this group of patients. Additional work is needed to confirm these findings. 

595 
Pilot Study Comparing Home Sleep Profiler to In-laboratory Polysomnogram for REM Sleep Behavior 
Disorder Diagnosis 
D. Shprecher, D. Levendowski, C. Guevarra, J. Lee-Iannotti, G. Lazarz (Sun City, AZ, USA) 
Objective: To compare the Sleep Profiler (SP), an FDA-approved device for home evaluation of sleep disorders, to 
the gold standard sleep laboratory polysomnogram (PSG) in evaluation of dream enactment behavior. 
Background: Diagnosis of REM sleep behavior disorder (RBD) is strongly associated with risk of synucleinopathy, 
particularly Lewy body dementia and Parkinson disease, but requires PSG for confirmatory diagnosis. Capturing 
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RBD during a one-night PSG opportunity can be challenging due to night-to night variability of dream enactment 
behaviors and can be costly to repeat. 
Methods: During an overnight PSG (with seizure and four-limb RBD protocol), we simultaneously collected Sleep 
Profiler data on 6 subjects recruited with recurrent dream enactment behavior but no evidence of neurodegenerative 
disease. Independent sleep reviewers analyzed the data from each source. 
Results: Sleep efficiencies by PSG and SP were 85.3% and 84.6%, respectively, while the median sleep times were 
identical (358 min). The median sleep onset latency for the PSG was 16 min and 22 min for the SP with a median 
difference of 5 minutes.  The PSG and SP REM percentages were 14.5% and 13%, with a median difference of 
1.3%. The SP appeared to under-report N3 sleep and over-report N1 sleep.  Of the 6 subjects, four had REM sleep 
without atonia (RSWA) and concordant dream enactment on both the PSG data and the SP data, but comparisons 
were not completely blinded.  Of the 4 subjects with RSWA, 3 had newly diagnosed obstructive sleep apnea (mean 
AHI 13.3, range 9.7-16.2/hr). 
Conclusions: The Sleep Profiler is worthy of larger scale validation studies to show equivalence with PSG in 
diagnosis of RBD.   We suggest the SP be configured to include capabilities to measure airflow signals to screen for 
sleep apnea and monitor movement in all four limbs for better detection of RSWA. Such studies should also 
measure potential benefits in terms of cost and feasibility of recruitment of RBD subjects into neurodegenerative 
disease research trials. 
 
 

596 
Modulation of Na+/K+ ATPase activity of rat brain synaptosome by norepinepherine and serotonin 
S. Sinha (Prayagraj, India) 
Objective: We tried to study the effect of Norepinepherine and Serotonin on  Sodium Potassium ATPase in rat brain 
synaptosome. 
Background: Sleep and wakefulness are behavioral and physiological activities. Sleep has been defined as a 
reversible behavioral state of perceptual disengagement from and unresponsiveness to the environment. 
Methods: We have studied the effect of Norepinepherine, Serotonin (5HT) individually, in combination and in 
presence of receptor antagonists Prazosin and Propranolol in different permutations and combinations. 
Results: It was found that Norepinepherine increases Na+/K+ ATPase activity. It was also validated that NE 
induced increase is blocked by prazosin which is a α-1 adrenoceptor blocker antagonist but propranolol which is a β 
adrenoceptor blocker antagonist cannot block it. There is a marginal but significant increase in Na+/K+ ATPase 
activity. Propranolol seems to block 5HT mediated increase in Na+/K+ ATPase activity. When both NE and 5HT 
are given in combination an increase in ATPase activity has been found which is equal to the sum of the two given 
separately. Both Prazosin and Propranolol could decrease the basal values of the enzyme which could be due to 
some mechanism involving endogenous NE and 5HT present in the sample or by other mechanism leading to 
nonspecific binding and decrease of ATPase activity. 
Conclusions: Many sleep disorders could be addressed by studying the significance of NE  and 5HT with blockers. 

597 
Startle Reflex as a possible biomarker associated with REM sleep behavior disorders in the prodromal stage 
of Parkinson's disease 
F. Traccis, M. Puligheddu, M. Figorilli, M. Carta, P. Devoto, G. Giua, M.L. Fantini, D. Pani, M. Bortolato, R. Frau 
(Monserrato, Italy) 
Objective: 1. To test whether the alterations of REM sleep induced by lesions of the key areas involved in RBD 
pathogenesis are correlated to abnormalities of startle reflex and its modulatory processes in rat models. 2. To 
investigate whether startle abnormalities and RBD phenotypes concomitantly occur in the 6-OHDA rat model of 
PD. 
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Background: REM sleep behavior disorder (RBD) is a parasomnia results in loss of normal muscle atonia, vivid 
dreams and complex behaviors during REM sleep. Clinical investigations revealed that more than 90% of idiopathic 
RBD patients are prone to develop a synucleinopathy within 15 years. Accordingly, half of PD patients exhibit RBD 
with higher severity of PD symptoms, and increased risk for neuropsychiatric problems. Pathogenesis of RBD 
results from imbalances of excitatory and inhibitory inputs across several brainstem areas, such as the 
sublaterodorsal tegmental nucleus (SLD) and the pedunculopontine and laterodorsal tegmental complex. 
Interestingly, the same brain areas are involved in the modulation of startle reflex, an involuntary response 
consisting in muscular contraction in reaction to sudden sensory stimuli. 
Methods:  
Adult Sprague-Dawley rats were subjected to bilateral electrolytical lesions (kainic acid 0.5 mcg/side) of SLD and 
LTD/PPN, or infused unilaterally with 6-OHDA (16 mcg) in the Medial Forebrain Bundle (MFB) and implanted 
with electrodes for 24-hour polysomnography (PSG) testing. Rats were then tested for either PSG or acoustic startle 
reflex paradigms, including startle habituation and pre-pulse inhibition (PPI). 
Results: The lesion of SLD and LTD-PPN significantly reduced startle amplitude (P < 0.01 and P < 0.001, 
respectively) and habituation (P < 0.001), but not PPI in comparison with sham-surgery group. Furthermore, animals 
subjected to LTD/PPN lesion exhibited more robust startle alterations than SLD and these alterations were 
accompanied by sleep behavioral abnormalities. The same startle modifications were found in hemiparkinsonian rats 
lesioned by unilateral infusion in the MFB of the neurotoxin 6-OHDA (P < 0.01 vs sham group). 
Conclusions: Our preliminary data suggests that lesion of areas involved in RBD pathogenesis, LTD-PPN, SLD, 
and depletion of dopaminergic nigrostriatal pathway are associated with startle amplitude alterations. 

598 
Sleep quality in Turkish patients with Parkinson's disease 
E. Tur, M. Demir, G. Kenangil, F. Domaç (Istanbul, Turkey) 
Objective: The aim of our study is to investigate the quality of sleep and the prevalence of excessive daytime 
sleepness(EDS) and nighttime problems in patients with Parkinson disease 
Background: Sleep disorders are common nonmotor symptoms that affects quality of life patients with Parkinson’s 
disease(PD). Sleep disturbances and excessive daytime sleepiness in Parkinson’s disease are caused by multi-
factorial etiologies, including dopaminergic medication, disease itself, concomittant depression, sleep-wake 
distruptions. 
Methods: A total of 140 patient who have been diagnosed with PD according to UK Parkinson's Disease Society 
Brain Bank (UKPDS) criteria and 75 healty control have been included in the study. The clinical staging of PD was 
performed with Modified Hoehn&Yahr Staging Scale (HYS),  the measurement of clinical severity was performed 
with Unified Parkinson's Disease Rating Scale (UPDRS), sleep quality was performed with Parkinson’s Disease 
Sleep Scale(PDSS), the Pittsburg Sleep Quality İndex(PSQI) and the Epword Sleepness Scale(ESS). Participants 
were also evaluated for their subjective levels of depression using the Beck’s Depression invertory. 
Results: Hoehn and Yahr staging was 1,98±0,8 and UPDRS scales 35,1±17,9 in the 140 patients(%56,6 male, mean 
age 64,9±10,8 years and disease duration 6,38±5,31 years). The PSQI scale, ESS and Beck Depression Scale was 
significantly higher in patient group compared to control group. PD patient with poor sleep quality(PSQI>5) was 
%66,4 and EDS(ESS>10) was %17,1. According to evaluations of PDSS subgroups; the poor sleepers had lower 
scores for sleep quality, insomnia, nocturnal restless, nocturia and  sleep refreshment. EDS was possitively 
correlated with levodopa exposure time, Levodopa equivalent dosage, Beck Depression scores and was also 
negativly correlated nocturnal restless, nocturia, nocturnal psychosis, daytime dozing. 
Conclusions: In our study, depression and EDS were higher and sleep quailty was lower rates in Parkinson's 
patients compared to controls. In subgroup examination of PDSS, it was observed that decrease in sleep quality and 
EDS occured due to different etiological reasons. We believe that treatment for the reason of sleep disorder will 
increase treatment success and functionality in Parkinson's patients. 
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599 
Decreased serum alpha-synuclein in patients with Restless Legs Syndrome and association with SNCA-Rep1 
polymorphism 
Y.C. Wu, X.Y. Zhu, T.T. Wu, T. Liu, H.M. Wang, Y.J. Chen, X. Li, X.X. Cui (Shanghai, China) 
Objective: To investigate whether α -synuclein levels are altered in serum and saliva in patients with RLS and 
explore influence of the SNCA-Rep1 microsatellite repeat on restless legs syndrome (RLS). 
Background: There is a role of α -synuclein on dopaminergic synaptic transmission and dopamine homeostasis and 
maybe involved in RLS. 
Methods: RLS patients were enrolled according to the IRLSSG criteria. A unified semi-structured questionnaire 
was used to record demographic information and leg restlessness symptoms. Blood and saliva samples were 
collected to detect α-synuclein protein level and to genotype the SNCA Rep1 marker. Laboratory examinations were 
performed to exclude secondary RLS. 
Results: 71 patients with RLS as well as 56 age and gender matched healthy controls underwent analyses of serum 
α-synuclein concentration. RLS patients showed decreased serum α-synuclein level compared to age and gender 
matched controls (10.4±6.2 vs 38.6±9.9ng/ml, p<0.0001). RLS patients without medication demonstrated even 
lower serum α –syn level than RLS patients with medication (8.8±5.1 vs 14.5±7.1ng/ml, Z=-3.156, P=0.002). Lower 
serum α-synuclein level was associated with shorter duration of RLS (P<0.05). Levels of α-syn in saliva was similar 
in RLS patients and controls (P>0.05). 201 RLS patients and 218 healthy controls underwent genotypies. 
Frequencies of SNCA Rep1 0/0 genotype and allelic 0 variant were significantly lower in RLS patients compared to 
controls (OR=0.344, 95% CI=0.173-0.684, P=0.002; and OR=0.681, 95% CI=0.512-0.905, P=0.008, respectively). 
Frequencies of SNCA Rep1 2/2 genotype and allelic 2 were significantly higher (OR=5.186, 95% CI=1.395-19.273, 
P=0.007; and OR=1.913, 95%CI=1.212-3.021, P=0.005), while Rep1 0/1 genotype and allelic 1 were significantly 
lower in RLS patients with iron deficiency compared to RLS patients without iron deficiency (OR=0.467, 
95%CI=0.239-0.912, P=0.024; and OR=0.649, 95%CI=0.421-0.998, P=0.049). RLS patients with at least one allele 
2 showed lower serum α-synuclein level compared to RLS patients without any allele 2 (P<0.05). 
Conclusions: Serum α-synuclein level was significantly decreased in patients with RLS and dopaminergic drug 
therapy may have an impact on level of serum α-synuclein in RLS patients. SNCA Rep1 polymorphism is associated 
with RLS and its phenotype. 

600 
Evaluation of corneal parameters in patients with idiopathic REM Sleep Behavior Disorder 
S. You, K.T. Kim, J. Jun, Y.W. Cho (Daegu, Republic of Korea) 
Objective: To evaluate the blink rate (BR), tear function, and, corneal parameters of patients with iRBD. 
Background: In patients with Parkinson's disease (PD), dry eye symptoms are frequently observed, and reduced 
blink rate, tear dysfunction, and corneal thinning are also reported. Idiopathic RBD (iRBD) is known to progress to 
various neurodegenerative syndromes, including PD, at one-third to five years and more than 75% to ten years. The 
purpose of this study was to evaluate the blink rate (BR), tear function, and, corneal parameters of patients with 
iRBD. 
Methods: We recruited 31 patients with PSG confirmed iRBD (mean age: 64.39±6.98 years, M:F=19:12) and 31 
age-matched healthy controls (mean age: 62.42±6.14 years, M:F=7:24). Mean disease duration of iRBD was 
41.9±36.93 months. All those with other diseases that cause eye dryness, such as keratitis, conjunctivitis, glaucoma, 
diabetes, and ocular trauma, were excluded. All participants underwent a detailed neurological and ophthalmological 
evaluation. The severity of RBD was measured according to RBD questionnaire-Korean version (RBDQ-KR). A 
SCOPA-AUT questionnaire was used to evaluate the autonomic function, and a KVSS test was used to evaluate the 
olfactory function. BR was measured by the same tester for 1 minute, and a total of 2 measurements were made and 
the mean value was used. Corneal parameters were measured by ophthalmology specialist. Tear break-up time 
(TBUT), Schirmer test, and Ocular Surface Disease Index (OSDI) scores were assessed. 
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Results: The BR were significantly lower in patients with iRBD than in controls (18.29±5.68 VS. 21.71±6.29, 
p=0.028). Corneal parameters, Schirmer test, TBUT, and OSDI revealed no significant difference between two 
groups. 
Conclusions: Compared to previous studies involving PD patients, iRBD patients in the study showed that only the 
BR has significantly decreased. This is probably because the neurodegenerative change of iRBD patients is less than 
that of PD patients. However, since BR is known to reflect striatal and mesolimbic dopaminergic activity, the 
reduced BR may reflect a neurodegenerative change in patients with iRBD. The research is small and cross-sectional 
design has its limitations. A follow-up study involving a larger number of patients will be needed. 

Quality of Life 

601 
Does socio-economic status have impact on quality of life in persons with Parkinson’s disease? 
R. Aggarwal, V. Goyal, A. Srivastava, M. Behari (Delhi, India) 
Objective: To evaluate the effect of socio-economic status (SES) on quality of life (QoL) in persons with 
Parkinson’s disease (PWP). 
Background: Parkinson’s disease (PD) has a significant financial burden on PWP but the effect of SES on QoL is 
not delineated in PWP. [1] 
Methods: 134 PWP were assessed for their SES by Kuppuswami scale and QoL by Short Form- 36 (SF-36) scale. 
Kuppuswami scale classifies SES into 5 classes i.e. upper (U), upper middle (UM), lower middle (LM), upper lower 
(UL) and lower (L) class. Demographics, duration of symptoms of PD, severity of PD by Hoehn and Yahr scale, 
drug dosage by levodopa equivalent daily dosage and functional status by Schwab and England Activities of Daily 
Living scale were recorded.  Physical component summary (PCS) score and mental component summary (MCS) 
score of SF-36 scale were compared across SES classes using ANOVA with post-hoc analysis and multiple 
regression analysis by adjusting age, gender, duration of symptoms of PD, functional status, co-morbid diseases, 
severity of PD, medicine dosage, family type and dwelling area as covariates. 
Results: The mean (SD) age of participants (n=134) was 56.1 (12.4) years, M:F::78:22, with mean duration of 
symptoms  6.9 (4.9) years. The percentage of U, UM, LM, UL and L classes of SES in our cohort was 15.7, 34.3, 
36.6, 11.9 and 1.5 respectively. For further analysis ‘UL and L classes’ were combined to L class. The mean PCS 
score of U, UM, LM and L classes were 41, 41.5, 39.7 and 36.1 respectively while MCS scores were 46.9, 43.7, 
41.7 and 35.8 respectively. Lower SES had poor MCS score (F=4.24, df=3, p=0.007) while PCS score was not 
different across various SES classes (F=2.1, df=3, p=0.1). On regression analysis, unadjusted PCS Score of lower 
SES class was not different from other 3 classes, but after adjustment of covariates lower SES class had significantly 
poor PCS scores (β =-6.64, p=0.02, 95% CI= -12.19, -1.10) in reference to upper SES class.  The unadjusted MCS 
Score of lower SES class was poor compared to upper SES (β =-11.05, p=0.001, 95% CI= -17.47, -4.63) 
class.  After adjustment of covariates PWP of UM, LM and L classes had significantly poor MCS scores compared 
to upper SES (p=0.007, 0.024 and 0.002 respectively) class. 
Conclusions: Lower SES class has poor QoL compared to upper SES class of PWP. Mental component is affected 
more than physical component of QoL in PWP of lower SES class. 
References: [1] Behari M, Srivastava AK, Pandey RM. Quality of life in patients with Parkinson’s disease. 
Parkinsonism Relat Disord. 2005 Jun;11(4):221–6. 

602 
An Experimental Study to Assess the Professional and Social Consequences of Tardive Dyskinesia 
R. Ayyagari, D. Goldschmidt, F. Mu, S. Caroff, B. Carroll (Boston, MA, USA) 
Objective: Evaluate the impact of orofacial tardive dyskinesia (TD) symptoms on the professional and social lives 
of patients with TD. 
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Background: TD, a movement disorder affecting the face and extremities, may arise in patients taking 
antipsychotics. The impact of social stigma on the professional and social lives of patients with orofacial 
manifestations of TD has not been thoroughly examined. 
Methods: This study is an experimental, randomized digital survey of a general population sample. Three 
component surveys were developed, corresponding to employment, dating, and friendship domains. For each 
domain, participants were randomized 1:1 into either a test group (who viewed a video of a scripted interview with a 
standardized patient actor depicting TD movements) or a control group (who viewed the same actors but without TD 
movements), and asked about their impressions of the video subject. Actor simulations were validated by physicians 
familiar with TD and rehearsed to simulate a total Abnormal Involuntary Movement Scale score between 6 and 10. 
Statistical comparison was made using Wilcoxon sign-rank or chi-squared tests for continuous and categorical 
variables, respectively. 
Results: A total of 800 respondents completed each survey. In all domains, respondents had more-negative 
perceptions of actors portraying TD movements than of the same actors without movements. Regarding 
employment, 34.8% fewer respondents in the test group versus the control group agreed that the actor would be 
suitable for client-facing jobs (P<0.001). Regarding dating, the proportions of respondents who agreed that they 
would like to continue talking to the actor and who would be interested in meeting them for coffee/drink were 
25.0% and 27.2% lower, respectively, in the test group than in the control group (P<0.001). Regarding friendship, 
the proportions of respondents who rated the actor as interesting and who would be interested in friendship with 
them were 18.8% and 16.5% lower, respectively, in the test group than in the control group (P<0.001). 
Conclusions: Actors simulating orofacial TD movements were perceived to be statistically significantly less likely 
to move forward in a job interview, be considered as a potential romantic partner, or be a new friend. This is the first 
study to quantify the stigma faced by people with TD in a variety of professional and social situations. 

603 
People with Parkinson’s Disease (PPD): disease, stigma and the others 
M. BACIGALUPE (La Plata, Argentina) 
Objective: To show what does it mean to be PPD and the relationship with their environment from the point of view 
of the participants. 
Background: Movement Disorders Science can be benefited from qualitative studies to translate Basic Science to 
Clinical Practice. It has been recognized the importance of what PPD and their relatives think not only in clinical 
contexts but also when PPD are going to be under DBS. In clinical settings, what People with Parkinson´s Disease 
(PPD) feel about themselves and the others, their care and the treatment they receive is as important as their motor 
status. 
Methods: Participants: 10 PPD who attended the Parkinson’s Workshop Program (PWP -Medical School, National 
University of La Plata) and some of their caregivers/spouses. 
Methods: focus group, informal and in-depth interviews and self-reports in the context of an ongoing participant 
observation. 
Data collection and construction: verbatim transcription and qualitative analysis with the assistance of the Atlas.ti 
8.0. 
Results: The interviews and self-reports focused on how their lives were going with Parkinson’s (including the self, 
the other [partner] and the others [people with or without Parkinson], cfr. Agid et al, 2006), and the line of 
conversation varied from the facts and feelings before and after diagnosis to the marital situation after a Parkinson’s 
disease surgery. The focus group started from the question What is Parkinson’s disease for you? 
The themes resulting from the more grounded codes were:(a) The concept of the illness: care and treatment, 
estrangement vs companion, physician attitude, reaction in front of diagnosis, anguish before receiving the 
diagnosis, and emotion as cause or consequence of the disease.(b) The self and the environment: self-description of 
the symptoms, the other (partner) and the others (family, friends, others with PD), and relationships with the 
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PWP.(c) The parkinsonian body: body-efficacy expectations and body image, impact of the symptoms, the losses, 
stigma, self-steem, and blame.(d) The power to overcome the symptoms. 
Conclusions: The results showed that participants were concerned about how their disease were affecting their life 
and relationships, their feeling about their parkinsonian body and how to cope with difficulties as a result of their 
disease. The physician and others' attitude, the treatment and their concept of illness and disease played an important 
role to help them to improve their quality of life. 
References: [1] Agid Y, Schüpbach M, Gargiulo M, Mallet L, Houeto JL, Béhar C, Maltête D, Mesnage V, Welter 
ML. Neurosurgery in Parkinson’s disease: the doctor is happy, the patient less so? J Neural Transm 2006, (Suppl 
70): 409-414. [2] Estrada Gamarra AH, Silva Molski C, Hilbig A, Kern Valentini C, Widniczck Striebel VL, de 
Mello Rieder CR. Evaluation of body image and self-concept and their correlation with depressive symptoms in 
Parkinson’s Disease. Arq Neuropsiquiatr 2009, 67(3-A):585-90. [3] Guests G, Namey EE, Mitchell ML. Collecting 
Qualitative Data [E-book]. SAGE. 2013. [4] Soundy A, Stubbs B, Roskell C. The experience of Parkinson's disease: 
a systematic review and meta-ethnography. ScientificWorldJournal 2014, 2014:613592. doi: 10.1155/2014/613592. 
[5] Suzukamo Y, Ohbu S, Kondo T, Kohmoto J, Fukuhara S. Psychological adjustment has a greater effect on 
health-related quality of life than on severity of disease in Parkinson's disease. Mov Disord 2006, 21(6):761-766. 
doi: 10.1002/mds.20817. 

604 
Daytime sleepiness in Parkinson’s disease: an indicator of impaired activities of daily living 
T. Canento, J. Tan, B. Cruse, C. Wools, M. Ghaly, M. Beckley, F. Leen, A.H. Evans (Melbourne, Australia) 
Objective: To determine the association between excessive daytime sleepiness (EDS) and activities of daily living 
(ADL) in Parkinson’s disease (PD) patients. 
Background: EDS is a common and underestimated symptom in PD which negatively impacts the quality of life 
(QoL) of PD patients. Parkinson’s Kinetigraph (PKG) has been shown to be a reliable objective measure of 
symptoms in PD patients. Specifically, the proportion of time immobile (PTI) score has shown to be a strong 
indicator of EDS in clinical practice. 
Methods: This is a descriptive, retrospective study conducted at one movement disorder center. We reviewed 
clinical records of PD patients seen in our unit in a two-year period (2015-2017). A Parkinson’s KinetiGraph (PKG 
Global Kinetics CorporationTM, Australia) was provided to these patients at that time as part of the routine care. A 
structured interview including demographics and clinical information was performed. PDQ-39 was self-
administered. We used the ADL domain of the PDQ-39 to assess ADL. The Proportion of Time Immobile (PTI) 
obtained from PKG was used to assess EDS. The correlation between PTI and ADL was calculated using Spearman 
correlation coefficient. 
Results: This analysis included 80 patients (51.2%males, 69.9 ± 10.4 years old, 7.7± 6.5 years of disease duration, 
845.42 ± 462.9 mg levodopa equivalent dose). PTI scores (PTI median 9  [4.2 - 16.9 ]) showed a significant positive 
correlation with ADL scores (rho=0.338, p=0.005). There was no positive correlation with PDQ-39 global score. 
Conclusions: PD patients with daytime sleepiness have worse performance of ADL, which is an indicator of QoL. 
Recognising and addressing daytime sleepiness in the routine practice might improve the QoL of PD patients. 
References: [1] K.Kotschet, W. Johnson, S. McGregor, J. Kettlewell, A. Kyoong, D.M. O’Driscoll, A.R. Turton, 
R.I. Griffiths, M.K. Horne. Daytime sleep in Parkinson’s disease measured by episodes of immobility. Parkinsonism 
and Relatred Disorders 20 (2004)579-583. [2] P. Odin, KR. Chaudhuri, J. Volkmann, A Antonini et al. Viewpoint 
and practical recommendations from a movement disorder specialist panel on objective measurement in the clinical 
management of Parkinson’s disease. NPJ Parkinsons Dis May 10 (2018) 4-14. [3] P. Bargiotas, L. Lachenmayer, D. 
Schreier, J. Maths, C. Bassetti. Sleepiness and Sleepiness Perception in Patients with Parkinson’s disease: a clinical 
and electrophysiological study. Sleep 2019 doi: 10.1093/sleep/zsz004 
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605 
Dyadic analysis of the Parkinson's disease impact on the patient-spouse couple 
E. Constant, E. Brugallé, E. Wawrziczny, B. Flinois, K. Dujardin, P. Antoine (Villeneuve d'Ascq, France) 
Objective: The present research aims to understand the dyadic functioning of couples faced with Parkinson’s 
disease (PD) considering disease progression. 
Background: PD has detrimental effects on the patients’ quality of life and their loved ones (e.g., Martinez-Martin 
et al., 2012). However, to date, little is known about the PD impact on the couple functioning (Martin, 2016). 
Methods: Thirty partners were interviewed separately in order to collect their personal experience of PD. The 
interview transcription data were analyzed using the Interpretative Phenomenological Analysis (IPA) method (Smith 
et al., 2009). IPA ensures exploring the experiences of each partner, the differences between each partner’s 
experiences and their points of divergence and convergence. 
Results: The couples’experience with PD was conceptualized into two themes. The first theme called “The gap 
between us is growing” highlight the partners’ feeling to be tied one to another, creating an emotional disconnection 
in the couple relationship. This process would be associated with the prospect of a dark future for both partners. The 
second theme called “When the disease progression creates a loss of balance in our couple” refers to the worsening 
of the chronic symptoms that create an imbalance in the couple, which would crystalize the partners’ position 
statement in their couple relationship, i.e., accentuation of the patient’s and caregiver’s role. This process would lead 
couples to cling to an illusory hope with the possibility of the neurostimulation. 
Conclusions: Results will be discussed regarding their clinical implications in order to propose couple interventions 
that are adapted to the needs of the patients and their partners, both at the individual and dyadic level. 
References: Martinez-Martin, P., Rodriguez-Blazquez, C., & Forjaz, M. J. (2012). Quality of life and burden in 
caregivers for patients with Parkinson's disease: concepts, assessment and related factors. Expert Review of 
Pharmacoeconomics & Outcomes Research, 12, 221-230. Martin, S. C. (2016). Relational Issues Within Couples 
Coping With Parkinsons Disease: Implications and Ideas for Family- Focused Care. Journal of Family Nursing, 22, 
224-251. Smith, J. A, Flowers, P. & Larkin, M. (2009). Interpretative Phenomenological Analysis: Theory, Method 
and Research. London: SAGE. 

606 
Correlation Between Drooling and Quality of Life in Parkinson's Disease 
O. Criciotoiu, D. Stanca, R. Latea, L. Giurgiulescu, A. Mita, V. Gheorman, D. Gheonea (Craiova, Romania) 
Objective: The aim of this study was to evaluate the relationship between the quality of life and drooling in 
Parkinson’s disease patients. 
Background: Parkinson’s disease is a chronic progressive degenerative disorder. The main features is bradykinesia 
associated with rigidity and/or resting tremor(1). Along them, there are other motor and non-motor symptoms as 
well. Dysfunction of autonomic nervous system is common in Parkinson’s disease patients.(2) Drooling 
pathophysiology is not currently well understand, but impaired salivary clearance has probably a major 
contribution(3). 
Methods: We have studied a lot of 31 patients with clinically established Parkinson’s disease using Movement 
Disorder Society Clinical Diagnostic Criteria for Parkinson’s disease (4). The stages of the disease varied between 1 
and 5 Hoehn and Yahr stage, with a majority of patients in stage 3 of the disease. Drooling was assessed with 
NMSQ (Non-motor Symptoms Questionnaire for Parkinson's Disease) questionnaire and the quality of life with 
PDQ8 ( 8-item Parkinson's Disease Questionnaire) questionnaire(5)(6). The statistical analysis was realized with 
IBM SPSS Statistics V20 and we use Pearson correlation coefficient with a significant level of p<0.05 to determine 
the correlations between drooling and QoL on this patients. 
Results: The analysis of our data reveals a positive correlation between drooling and the Hoehn and Yahr stage with 
a p value of 0.01. This shows us that there is a link between this autonomic dysfunction and the evolution of the 
disease. The presence of this symptom was strongly correlate with low QoL measured with PDQ8 questionnaire 
with a p value <0.01, especially with the communication domain. 
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Conclusions: This study shows that drooling in Parkinson’s disease influences the QoL mainly by reducing the 
communication ability of these patients. 
References: 1. Wong, S. L., Gilmour, H. & Ramage-Morin, P. L. Parkinson’s disease: Prevalence, diagnosis and 
impact. Heal. reports 25, 10–4 (2014). 2. Sauerbier, A. & Ray Chaudhuri, K. Non-motor symptoms: the core of 
multi-morbid Parkinson’s disease. Br. J. Hosp. Med. (Lond). 75, 18–24 (2014). 3. Srivanitchapoom, P., Pandey, S. 
& Hallett, M. Drooling in Parkinson’s disease: a review. Parkinsonism Relat. Disord. 20, 1109–18 (2014). 4. 
Postuma, R. B. et al. MDS clinical diagnostic criteria for Parkinson’s disease. Mov. Disord. 30, 1591–1601 (2015). 
5. Goldman, J. G. & Postuma, R. Premotor and nonmotor features of Parkinsonʼs disease. Curr. Opin. Neurol. 27, 
434–441 (2014). 6. Breen, K. C. & Drutyte, G. Non-motor symptoms of Parkinson’s disease: the patient’s 
perspective. J. Neural Transm. 120, 531–535 (2013). 

607 
What patients need – a qualitative analysis of consultations prior to deep brain stimulation in patients with 
Parkinson’s disease 
R. Dano, J.N. Petry-Schmelzer, J. Steffen, G. Fink, M. Barbe (Cologne, Germany) 
Objective: To evaluate the different needs of patients with Parkinson’s disease (PD) prior to deep brain stimulation 
(DBS). 
Background: DBS is a well established and safe treatment for patients with advanced PD [1]. However, unreliable 
or misleading information prior to surgery might cause unjustified fears or expectations. Therefore, a structured and 
patient-tailored preoperative consultation is of urgent need. 
Methods: Semi narrative structured interviews were conducted by a PD nurse in PD patients prior to DBS. They 
included questions about patient’s expectations of an optimized consultation and its influence on their fears, sorrows 
and decision-making. Each interview content was qualitatively analyzed based on the method by P. Mayring [2] and 
categorized in expectations towards the advisor, the medical team, and the nursing staff. 
Results: In total ten patients were interviewed. Emotional and psychological aspects were at least equally important 
as providing evidence-based and comprehensive information. Detailed results are presented in Table 1. 
Conclusions: This study highlights the need of a holistic and patient-tailored consultation prior to DBS. It might be 
used as a guideline based on emotional, psychological and informative aspects to ensure an optimized consultation 
for PD patients prior to DBS. Prospective studies are needed to identify ideal preoperative consultation strategies in 
a larger cohort of PD patients. 
References: [1] Deuschl G, Schade-Brittinger C, Krack P, et al. A randomized trial of deep-brain stimulation for 
Parkinson's disease. N Engl J Med 2006;355(9):896-908. [2] Mayring, P. (2015). Qualitative Inhaltsanalyse - 
Grundlagen und Techniken. 12. überarbeitete Auflage. Weinheim und Basel. Beltz Verlag. 
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608 
Parkinson’s Disease Treatments and Outcomes: US v Non-US Patients 
T.L. Davis, M. Rafferty, K. Lyons, A. Ramirez-Zamora, H. Gao, S. Wu, F. Cubilllos, E.C. Nelson (Nashville, TN, 
USA) 
Objective: To determine if there are differences in treatment patterns and outcomes in US patients, who often must 
pay for some of their care, and Non-US patients, who tend to have care that is covered by  a national health 
insurance. 
Background: The Parkinson’s Foundation Outcomes Project (PoP) is an international, longitudinal cohort of 
Parkinson’s disease (PD) patients that collects data regarding treatment and outcomes.  This data set was used for 
this study. 
Methods: US and Non-US patients were compared with respect to: (a) case-mix based on demographic variables; 
(b) treatment patterns; and (c) outcomes based on annual changes in mobility (measured by timed up and go (TUG)), 
health related quality of life (measured by the PDQ-39), and utilization of health care events or problems associated 
with PD (measured by number of emergency  department (ED) visits and hospital stays). Differences were evaluated 
using parametric and non-parametric statistics for continuous variables and chi-squared values for categorical 
variables. 
Results: After excluding patients with diagnostic certainty less than 90%, there were 7898 US patients and 2818 
Non-US patients.  US patients were earlier into their disease (7.0 vs 8.0 yrs), less likely to be in H&Y stages 3-5 
(31.3% vs 36.7%), had fewer comorbidities (1.0 vs 1.7), but were more likely to report 1 or more falls (35.5% vs 
32.2%). US patients were more likely to be treated with DBS (18.0% vs 11.4%), PT (44.4% vs 37.0%), or OT 
(15.8% vs 11.9%). In contrast, US patients were similar in receiving services from psychologists (2.6% vs. 2.3%), 
psychiatrists (3.8% vs 4.9%), dieticians (1.4% vs 3.3%), and SLP (9.0% vs 8.6%). The results suggest that US 
patients had (a) similar annual deterioration in quality of life, (PDQ-39 scores worsened 1.6 points per year in US vs 
1.8 points in Non-US patients); (b) similar annual decrease in mobility (TUG scores worsened by 0.9 seconds per 
year in US vs 0.9 seconds in Non-US patients), and (c) similar rates of increase in utilization of EDs and hospital 
stays (0.07 increase per year in US vs 0.06 increase in Non-US patients). 
Conclusions: The results suggest that US PD patients tended to visit CoEs earlier post diagnosis of PD. US patients 
tended to more frequently utilize some therapies (e.g., DBS, PT and OT).  Despite these differences, US and non-US 
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patients appeared to have similar annual changes in quality of life, mobility and utilization of EDs and hospital 
admissions. 

609 
Beliefs, Knowledge and Attitudes Towards Parkinson's Disease: Turkey Experience from a Global 
Perspective 
Y. Degirmenci, P. Limousin, G.M. Hariz, N. Cakar (Duzce, Turkey) 
Objective: To evaluate the knowledge, attitudes towards disease, and to assess the effect of beliefs on decision 
making among  patients with PD, and their first-degree relatives. 
Background: Parkinson’s disease (PD) is a chronic, neurodegenerative disease characterized with cardinal motor, 
non-motor symptoms. It is a disabling disease with motor, non-motor fluctuations,dyskinesia that emerge as disease 
progresses. PD has a negative impact on the quality of life of patients, leading to stigma, social isolation, being 
dependent. To improve quality of life of patients, it is important to understand the disease perception of patients that 
may vary in different cultures due to their beliefs, traditions. 
Methods: Twenty idiopathic PD patients, their relatives that provided written informed consent was enrolled the 
study. Socio-demographic data, disease characteristics were recorded via face-to- face interviews. All patients 
completed the Illness Perception Questionnaire, Parkinson’s Disease Quality of Life (PDQOL) questionnaire. Data 
were organized in SPSS Version 23 database. Descriptive statistics, χ2 test, Student-t test, Man-Whitney U test, 
correlation, regression analysis. P values<0.05 were considered as statistical significance. 
Results: There were no statistically significant ethnicity difference between the groups, All participants were 
muslim, religion was “always important” in decision making in both pwPD,and relatives group.There were 
statistically significant negative correlations between the duration of disease and the social domain score of PDOQL, 
and H&Y score. All patients were aware that they had serious disease, 70% stated that their illness strongly affects 
the way others see them.95% of pwPD blamed their own behaviours, attitudes, family problems as the cause. All 
patients listed the cause of their having PD as providence of god, jinni, evil eye, destiny, and divine punishment. 
Conclusions: Disease perception, knowledge and attitudes of pwPW towards the disease are highly effected by the 
beliefs, cultural and traditional features. To establish a global perspective by filling the gaps in the knowledge about 
PD, and to avoid misperceptions by enhancing public understanding, multidisciplinary approach and further, large 
scale comparative studies with patients from different cultures, ethnic groups, races and beliefs should be performed. 
References: 1. Mokaya J, Gray WK, Carr J. Beliefs, knowledge and attitudes towards Parkinson’ s disease among a 
Xhosa speaking black population in South Africa: A cross-sectionalstudy. Parkinsonism and Related Disorders 
2017;41.51-57. 2. Pan S, Stutzbach J, Reichwein S, Lee BK, Dahodwala N. Knowledge and attitudes about 
Parkinson's disease among a diverse group of older adults. J Cross Cult Gerontol. 2014 Sep;29(3):339-52. 

610 
Patient insights into the burden of OFF-episodes in Parkinson’s disease: Qualitative Interviews 
C. Ervin, J. Sutphin, A. Thach, A. Lee, C. Mansfield, J. Coulter (Research Triangle Park, NC, USA) 
Objective: Identify symptoms and impacts associated with OFF-episodes (OEs). 
Background: OFF-episodes are commonly experienced in patients with Parkinson’s disease (PD).  Qualitative 
research into patients’ experience during OEs is limited. 
Methods: Concept elicitation interviews were conducted in the US using a semistructured interview guide via 
telephone (n = 8) and in person (n = 4). Adult patients were recruited by a qualitative research firm, and inclusion 
was based on patients’ self-report of a clinical diagnosis of PD and OE experience (i.e., current or historical 
presence of OEs). Field notes and interview transcriptions were used for thematic data analysis. 
Results: Table 1 contains participant characteristics.  OEs were consistently described as the reemergence or 
worsening of symptoms, and 9 participants reported daily OEs. The majority of participants (n = 11) reported 
experiencing more than 1 type of OE (Table 2); most commonly OEs occurred in relation to levodopa dose timing (n 
= 11; morning or anytime between doses). Although reported less often (n = 7), unpredictable OEs (a sudden 
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reemergence of symptoms unrelated to dose timing) were described as having a significant impact as they happened 
suddenly, at any time (“boom”) and in any situation (e.g., driving, at work, in public).  All participants described the 
far-reaching and negative impact any OE type had on their lives (Table 3). Specifically, participants commonly 
described modifying their schedules or dosing regimens (n = 7) to address predictable OEs.  Participants (n = 12) 
reported experiencing physical impacts (i.e. problems with gait, tremors, balance); 7 reported that OEs impact their 
activities of daily living (i.e. toileting, drinking/eating); hobbies (n = 7; e.g., crafts, gardening), and emotions (n = 6; 
e.g., stress/fear of hurting oneself or others, embarrassment). 
Conclusions: Patients with PD face an often-daily burden of reemergence of their motor and non-motor PD 
symptoms that are both predictable and unpredictable. The OEs have meaningful impacts on the daily lives of 
people with PD and represent a need for optimal management. 
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611 
“So much easier”; patient’s perceptions of Virtual Clinics for Parkinson’s Disease 
L. Evans, B. Mohamed, E.C. Thomas (Cardiff, United Kingdom) 
Objective: Our virtual clinic for People with Parkinson’s disease (PwP) is a service innovation, providing a 
consultation with a Parkinson’s clinic doctor via telephone, with the aid of wearable technology. We aimed to 
establish if PwP find telephone consultation follow-up acceptable. 
Background: In the UK, NICE recommends regular follow up consultations are offered to PwP. Addressing the 
need for an efficient and sustainable service, our Movement Disorder team has set up virtual clinic (VC) using the 
Parkinson’s KinetiGraph (PKG). Patients are reviewed in face-to-face clinic and VC on an alternating 6 monthly 
basis. For a VC consultation, the patient is called by phone at their appointment time by a clinician to discuss their 
motor and non-motor symptoms. The clinician also uses the PKG report as an objective assessment of motor 
symptoms. Medication changes are conveyed to the patients General Practitioner via a letter. 
Methods: We began a VC pilot project in September 2018. During the VC consultation, patients consented to an 
anonymous feedback questionnaire being posted to them. These included questions about the experience of VC with 
an agreement scale and a free text section. They were returned by post in the provided prepaid envelope. 
Results: Of 55 questionnaires sent, 30 were returned completed. 90% (n=27) agreed or strongly agreed that they 
were satisfied with VC and that their concerns were suitability addressed. 77% (n=23) felt they could talk to the 
doctor as if it were a regular consultation and 63% (n=19) would recommend a VC consultation to other PwP. 
Positive comments included “very valuable” and “so much easier - no time off work, no bus journey or fight to find 
a parking place”. Some critical comments were “I have reservations regarding a telephone conversation replacing a 
hospital appointment since your spouse who is effectively one's carer has no input” and “if given the choice I would 
prefer face to face contact - this aids the doctor’s assessment”. 
Conclusions: For the majority of PwP, virtual clinics are acceptable and useful. We are reminded that that VCs are a 
beneficial adjunct but do not serve as a complete replacement for face-to face contact. The comments have been 
helpful in adapting our service, for example inviting a spouse to join on speaker phone, and having a referral 
pathway to ensure virtual clinic is offered to those for whom it will be beneficial. 

612 
Identifying the association of depression and distress in Pakistani patients diagnosed with Parkinsonism 
syndrome 
A. Fatima (lahore, Pakistan) 
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Objective: Our study aims to identify depression and distress among Pakistani patients diagnosed 
with Parkinsonism syndrome. We also aim to find out the relationship among depression, distress 
caused Parkinsonism syndrome. 
Background: Depression plays an important role among patients diagnosed with Parkinsonism syndrome. It is 
believed that depression is recognised as major psychological issue in Pakistan. 
Methods: A cross sectional study was conducted in Sir GangaRam Hospital Lahore during June 2016 to October 
2017. Total 80 patients diagnosed with Parkinsonism syndrome were included in the study. Blood levels were 
collected via venous puncture. A personalized health questionnaire was used to classify depression among patients. 
A depression scale was used to identify factors such as social distress, interpersonal distress, movement disorder 
distress, physician related distress, emotional distress and regimen related distress. 
Results: The rate of depression was 39% among patients diagnosed with Parkinsonism syndrome. 8% were 
categorised as mild depression, 14% moderate depression and 17% with 
severe depression. Parkinsonism syndrome  associated depression was found in 71% of the selected population. 
Rates of social distress, interpersonal distress, physician related distress, emotional distress, regimen related distress 
were 23%, 33.5%, 17.8%, 73.4% and 42.6 respectively. 
Conclusions: Our study concludes that depression associated with Parkinsonism syndrome is very common among 
and this is an alarming condition for Pakistani population. We need to develop and modify our management plans in 
order to combat this deadly distress. Mass media should be involved in order to raise awareness about depression. 

613 
Stimulation challenge test after STN DBS improves postoperative satisfaction in patients with Parkinson’s 
Disease 
V. Geraedts, J. van Hilten, J. Marinus, A. Mosch, K. Naarding, C. Hoffmann, N. vd Gaag, M.F. Contarino (Leiden, 
Netherlands) 
Objective: To identify whether postoperative stimulation challenge test alters patients’ impression of change and 
satisfaction after Deep Brain Stimulation of the Subthalamic Nucleus (STN DBS) for Parkinson’s Disease (PD). 
Background: Previous literature demonstrates a discrepancy between objective improvement and patients' 
perception thereof, with several patients reporting mixed or negative outcomes in terms of postoperative satisfaction. 
Due to recall bias, patients may be unaware of the actual DBS benefits as OFF-time or dyskinesias are no longer 
perceived to the same extent after DBS. A more accurate perception of motor function facilitated by switching the 
stimulator OFF may alter patients' impression of DBS effects and improve postoperative satisfaction. 
Methods: PD patients underwent preoperative levodopa challenge tests prior to STN DBS surgery and were invited 
for stimulation challenge tests 1-2 years after surgery. Postoperatively, MDS-UPDRS III in Med-OFF / Stim-OFF, 
Med-OFF / Stim-ON, Med-ON / Stim-ON and Med-ON / Stim-OFF conditions quantified motor severity; SENS-PD 
scores quantified non-dopaminergic severity. Patients filled out ‘Global Impression of Change’ (GIC) and ‘Global 
Satisfaction with Surgery’ (GSS) Likert scales four weeks prior to the follow-up examination, and immediately after 
stimulation challenge tests. 
Results: In forty-two patients GIC and GSS scores were significantly higher after ON-OFF testing (GIC: Z=-3.48; 
GSS: Z=-3.07). Postoperative Med-ON / Stim-ON severity was lower than preoperative Med-ON severity (mean 
(SD) MDS-UPDRS III  18.8 (9.1) vs. 22.6 (9.5), 95%CI of difference 0.2 – 7.4). There were no significant 
differences between preoperative and postoperative assessments for OFF (Med-OFF / Stim-OFF) severity or SENS-
PD scores. Higher non-dopaminergic disease severity was associated with lower GIC and GSS scores (OR (95%CI) 
GIC: 1.2 (1.1 – 1.4); GSS: 1.2 (1.0 – 1.4). Severity of motor symptoms or magnitude of motor improvement during 
stimulation challenge testing  was not significantly correlated with GIC or GSS responses. 
Conclusions: Confrontation with OFF severity improves patients’ satisfaction of STN DBS, suggesting  that ON-
OFF testing should be recommended after DBS in case of suboptimal subjective responses. 
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614 
Safinamide in the treatment of URINARY symptoms in PARKinson's disease (SURINPARK) 
A. Gómez López, I. Pareés Moreno, S. Fanjul Arbós, J.L. López Sendon, J.C. Martínez Castrillo, A. Alonso Cánovas 
(Madrid, Spain) 
Objective: We compared the effects of safinamide on the urinary symptoms of Parkinson's disease with other 
therapies. 
Background: Urinary symptoms (US) are common, disabling and generally unresponsive to treatment in 
Parkinson’s disease (PD). Safinamide is approved as an add-on therapy to levodopa to improve fluctuations. 
Methods: Non-demented PD patients seen consecutively in a Movement Disorders Unit (December 2018-May 
2019) were assessed with Scale for Outcomes in Parkinson's disease for Autonomic Symptoms (SCOPA-AUT) by 
the attending neurologist, and a month afterwards by an independent researcher blinded to treatment and clinical 
records. Exclusion criteria were SCOPA-AUT-U< 1 and severe incontinence (all-day diapers, cathetherization). 
Statistics: Wilcoxon Rank test. 
Results: From 83 patients screened so far, 11 were excluded due to SCOPA-AUT-U< 1 and 7 due to severe 
incontinence. Sixty-five patients (48% men), 72.8±10.1 years old, disease duration 7.6±5.1 years, H&Y 2±0.8 were 
analysed. SCOPA-AUT-U was 7.6±2, nicturia being the most frequent item (2.1±1, 1.9±1 times per night). Twenty-
six patients were on safinamide (100 mg) in follow-up visit and 40 were not; no significant differences on sex, age, 
disease duration, stage or frequency of motor fluctuations were noted, although there was a trend to male sex, a 
longer and more advanced disease in safinamide group. SCOPA-AUT-U (8.3±2.7 to 7.1±1.9, p:0.00074) and the 
number of nicturia episodes (1.9±1.3 to 1.2±0.9; p <0.05) significantly improved with the addition of safinamide but 
not in the remaining patients. Only one patient discontinued safinamide due to dopaminergic adverse events. 
Conclusions: Our preliminary findings suggest efficacy of safinamide in US in PD, especially nicturia. Further 
studies are required to clarify the mechanism and extent of this effect. 

615 
Social work support is associated with better health-related quality of life in late stage Parkinson’s disease 
P. Gonzalez-Latapi, M. Rafferty, S. Wu, H. Chen, T. Simuni (Chicago, IL, USA) 
Objective: Compare clinical and demographic characteristics of people with Parkinson’s disease (PD) who use 
social work/counseling services (SW-U) with non-users. Describe if PD Centers of Excellence with a higher 
propensity to utilize SW have better health outcomes. 
Background: There are limited data on utilization and impact of social work/counseling services on outcomes in 
PD. A prior study suggested social work/counseling services users are less likely to have worsening of Parkinson 
Disease Questionnaire-39 (PDQ39) score, however differences between Hoehn and Yahr (HY) stages weren’t 
investigated. 
Methods: We included all patients with PD enrolled in PF-QII registry with two or more visits, and not referred to 
SW before the first visit. SW-U were defined as having been referred to social work/counseling after the first 
movement disorders neurology visit. SW-U were compared to non-users across different HY stages. Total PDQ39 
score was compared between SW-U and non-users controlling for age, years since diagnosis, HY stage, number of 
comorbidities and baseline PDQ39 total score. Univariate linear regression was used to assess the association of 
center propensity score with PDQ39 and Hospital/ER visits (HER). 
Results: We included 4520 patients. Stratified by HY stage, 3.45% of people in HY 1-2, 3.76% in HY 3, and 4.48% 
in HY 4-5 were SW-U. In HY 3, SW-U were younger than non-users. After controlling for confounding 
demographic variables, SW-U in HY 4-5 had a total PDQ39 score 5.4 points better compared to non-users (p 
=0.027, 95%CI: -10 to -0.6). Centers with a greater propensity to use SW did not have associated differences in total 
PDQ39 score or HER. 
Conclusions: Proactive referral to Social work/counselling is rare, but is associated with better quality of life in 
individuals with late stage PD. This positive effect wasn’t observed in center-level analyses. Characterization of 
specific social work/counseling interventions may help further explore this disparity. 
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616 
Predictors of Health-Related Quality of Life in Patients with Cervical Dystonia 
V. Han, S.A. Reijneveld, Z. Gdovinova, M. Tijssen, J.P. van Dijk, T. Hoekstra, M. Turcanova Koprusakova, M. Smit, 
M. Skorvanek (Kosice, Slovakia) 
Objective: The aim of our study was to assess the prevalence of non-motor symptoms (NMS) and to explore their 
association with health-related quality of life (HRQoL) in addition to motor impairment in patients with cervical 
dystonia (CD). 
Background: NMS are commonly present along the motor impairment in patients with CD and they seem to have a 
larger impact on HRQoL than the motor disability. Especially neuropsychiatric disturbances (depression, anxiety, 
fatigue), sleep disorders and sensory abnormalities including pain were reported to have an association with CD and 
possibly are an intrinsic part of dystonia´s phenotype. 
Methods: We enrolled 102 patients with CD. The severity of both motor and non-motor symptoms was assessed 
using: Toronto Western Spasmodic Torticollis Rating Scale, Clinical Global Impression Scale, Beck’s depression 
and anxiety inventory, Starkstein’s Apathy Scale, Multidimensional Fatigue Inventory, the Pittsburgh Sleep Quality 
Index and Epworth sleepiness scale. HRQoL was determined by the 36-item Short Form Health Survey (SF-36). 
First we described the prevalence of individual NMS, next we assessed predictors of poor HRQoL using multiple 
regression analyses. 
Results: The most frequent NMS in our sample was sleep impairment (67.3%), followed by anxiety (65.5%), 
general and physical fatigue (57.5% and  52.9%, respectively), depression (47.1%), mental fatigue (31.4%), apathy 
(30.4%), reduced activity (29.4%), excessive daytime sleepiness (EDS) (20.2%) and reduced motivation (18.6%). 
Univariate analysis showed that NMS, but not motor symptoms, were significantly linked to poor HRQoL. Among 
all NMS, EDS was the most common predictor of poor HRQoL, followed by disrupted sleep, depression and 
fatigue. 
Conclusions: Our study showed a considerable prevalence of NMS among patients with CD. While some of these 
NMS seem to be important determinants of decreased HRQoL, motor disability was not associated with severity of 
NMS nor with impaired HRQoL. Active seeking for NMS and their specialized treatment should be therefore an 
important part of clinical management of patients with CD. 

617 
The impact of clinical care coordination on patient quality of life in the Atypical Parkinsonism clinic 
M. Harris, J. Donnelly, L. Massey, B. Ghosh (Southampton, United Kingdom) 
Objective: To assess the impact of clinical care coordination on patient quality of life in the Atypical Parkinsonism 
clinic. 
Background: The Atypical Parkinsonian Syndromes of Progressive Supranuclear Palsy (PSP) and Multiple System 
Atrophy (MSA) are progressive neurodegenerative disorders for which no disease-modifying treatments are 
currently available. Management therefore focuses on symptom control and optimizing quality of life. It is 
increasingly suggested that multidisciplinary input is a key aspect of care. In May 2017 a clinical coordinator (an 
experienced neurological physiotherapist) was appointed to the Atypical Parkinsonism service in Southampton, UK 
with the aim of improving multidisciplinary care. We subsequently sought to assess their impact on patient quality 
of life. 
Methods: Service evaluations were conducted in May 2017 and June 2018. All patients attending the clinic were 
invited to participate by post and complete a demographics and disease specific quality of life questionnaire - either 
the PSP-QOL[1] or MSA-QOL[2]. Some responses received were anonymous. Results were collated and changes in 
quality of life scores were analysed using the paired t-test. 
Results: Qualitative feedback on the coordinator role was particularly positive with a median satisfaction score from 
patients of 8.5/10. In those with PSP, median overall quality of life scores improved from 59 (n=25) to 42 (n=18) 
between evaluations. In 6 patients who participated in both evaluations, median overall quality of life scores 
improved from 38 to 35 (p=0.404), with particular improvements in the mental subset from 38 to 29 (p=0.094) but 
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not the physical subset which increased from 38 to 39 (p=0.756). In patients with MSA, median overall quality of 
life scores were comparable between evaluations at 55 (n=8) and 54 (n=6). 4 patients participated in both 
evaluations and showed a worsening in median overall quality of life scores from 50 to 63 (p=0.584). 
Conclusions: Our data suggest that clinical coordination may have a positive impact on patient quality of life, 
particularly mental wellbeing, in PSP. One would expect quality of life scores to deteriorate over time and hence we 
believe that even stabilisation in quality of life scores is meaningful, despite these results not being statistically 
significant. We therefore recommend further research into this promising intervention. 
References: 1. Shrag A, Selai C, Quinn N et al. Measuring quality of life in PSP. The PSP-QoL. Neurology 
2006;67:39–44 2. Shrag A, Selai C, Mathias C et al. Measuring health-related quality of life in MSA: The MSA-
QoL. Neurology 2007;22:2332-2338 

618 
The influence of relationship quality on health-related quality of life when coping with Parkinson’s disease: a 
mediation analysis 
M. Karlstedt, S.M. Fereshtehnejad, D. Aarsland, J. Lökk (Huddinge, Sweden) 
Objective: To explore motor and non-motor symptoms (NMS) influence on relationship quality (mutuality) and 
health-related quality of life (HRQoL) when one in the dyad is having Parkinson’s disease (PD) (1, 2). 
Background: Mutuality (MS) has been suggested to act as a protective factor in family care situations (3). To date, 
MS and its association with motor, NMS and patients’ HRQoL has not been fully investigated. 
Methods: Fifty-one dyads completed validated scales measuring patients’ and partners’ MS, motor signs (UPDRS 
III), NMS (NMSQuest), impaired cognition (IQCODE), dependency in activities of daily life (ADL) and HRQoL 
(PDQ8). All self-rated questionnaires were filled out individually and separately by the participants. Structural 
equation model with manifest variables were applied to explore if MS scale scores mediated the effect of UPDRS 
III, NMSQuest, IQCODE and dependency in ADL on PDQ8. 
Results: The dyads had been cohabiting, on average, for 38.4, (SD=14.6) years. Mean age of patients and partners 
was 70.9(SD=8.5) and 70.7(SD=9.3) years, respectively. The duration of PD was 8.4(SD=6.5) years and Hoehn & 
Yahr scores was 2(IQR=1). Of the patients 35/51 (68.6%) needed some form of help from their partners in daily 
activities. The result suggests that increasing severity of motor and NMS decreased patients’ MS in turn leading to 
worse HRQoL. Impaired cognition was not significantly associated with patients’ MS or HRQoL. Instead, partners’ 
MS mediated the effect of impaired cognition which in turn decreased patients’ MS. 
Conclusions: When partners’ MS, motor and NMS influence the care situation, patients’ HRQoL deteriorates 
because patients’ MS suffers. The findings may encourage clinicians to discuss PD symptoms effect on MS and add 
useful knowledge to a person-centred care. 
References: 1. Karlstedt M, Fereshtehnejad SM, Aarsland D, Lokk J. Determinants of Dyadic Relationship and Its 
Psychosocial Impact in Patients with Parkinson's Disease and Their Spouses. Parkinsons Disease. 2017;2017:9. 2. 
Karlstedt M, Fereshtehnejad S-M, Aarsland D, Lökk J. Mediating Effect of Mutuality on Health-Related Quality of 
Life in Patients with Parkinson's Disease. Parkinson Disease. 2018;2018:8. 3. Park EO, Schumacher KL. The state 
of the science of family caregiver-care receiver mutuality: a systematic review. Nursing inquiry. 2014;21(2):140-52. 

619 
Complex disease burden in Parkinson’s and Advance Care Planning 
M. Khwaja, A. Chatterjee, G. Alg, A. Cotton, L. Richardson, H. Avery (Reading, United Kingdom) 
Objective: To evaluate if Advanced Care Planning is completed in patients with complex stage of Parkinson’s 
Disease (PD). 
Background: NICE (National Institute of Health and Care Excellence) guidance 71 recommends documented 
discussions with patients and families regarding progression of disease, side effects of medications, Advance Care 
Planning including decisions on refusing treatments, Do not Attempt Cardiopulmonary resuscitation (DNACPR) and 
to consider referral to palliative care team. 
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Methods: Parkinson’s patients who had passed away in Royal Berkshire Hospital; between 1st January and 31st 
December 2017 were identified by Medical Informatics. Data on frailty markers and Advance Care Planning and 
End of Life Care was collected on a proforma. Information was gathered from clinical notes, clinic letters on 
electronic patient record and neurology data base. 
Results: A total of 38 patients (33 males) were identified with an age range of 61-95 years (average 80.5 years) .The 
range of Parkinson’s duration was 1-18 years (average 7 years). 76% (29/38) were living in their homes.53% (20/38) 
of patients had complex stage of the disease whilst in 37% (14/38) the stage had not been documented. 45% (17/38) 
had cognitive impairment, 42 %( 16/38) had an impaired swallow and nearly 87% (33/38) had experienced falls.31 
%( 12/38) were bed bound whilst 55% (21/38) used an aid to mobilize.73% (28/38) of the patients were reviewed by 
the Hospital Palliative care team on their last admission to hospital. 
Table (1) 
Conclusions: Parkinson’s patients with burden of complex disease should have discussions on Advance Care 
Planning with their health care providers. This would ensure their preferences and choices are respected in terms of 
medical management, feeding, resuscitation and end of life care. A Quality Improvement Project was launched at 
the Royal Berkshires Hospital to improve advance care planning for this frail cohort of patients. 
References: 1 NICE Guidance (NG71); Parkinson’s disease in adults 

 

620 
The Preferences of Patients with Parkinson's Disease and their Family Members for Place of End-of-Life 
Care 
R. Kozáková, R. Bužgová, M. Bar, M. Škutová, P. Ressner, P. Bártová (Ostrava, Czech Republic) 
Objective: The aim of the research was to determine the preferences of patients with Parkinson´s disease (PD) and 
their family members for the place of end-of-life care and to compare them according to age, marital status, gender, 
education and the duration of the disease. 
Background: Patients with PD often die in hospitals that are not usually the optimal place for terminal care [1]. 
According to current research, people would prefer to die especially at home [2,3]. However, the preferences in 
patients with PD are not often identified. 
Methods: The sample consisted of 134 participants, patients with PD (mean age: 71.4 year) and their family 
members (mean age: 60.3 year). The preference for the place of end-of-life care was assessed with APND-EOLC 
questionnaire (The Attitudes of Patients with PND to End-of- Life Care) – area IV - questions determining views of 
the care system (5 items). 
Results: Patients (71.0%) as well as family members (59.1%) most often chose the place of end-of-life care at 
home. The stay in a hospice was chosen only by 11.6% patients and 16.7% family members. The others wish to die 
in a hospital or in other health and social institution. The difference between patients and family members was 
statistically significant (p=0.049), patients more often wished to die at home. No statistically significant differences 
were found in the preference of the place of death by age, marital status, gender, education, and the duration of the 
disease in patients and family members. 
Conclusions: Exploring the preference for place of death can help in end-of-life care planning for patients with PD. 
Also important is the communication about the preference of the place of death between the patient, their family 
members and the doctor. 
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References: 1. Moens K, et al. Place of death of people living with Parkinson´s disease: a population-level study in 
11 countries. BMC Palliative Care. 2015;14:28. 2. Robinson, J., Gott, M., Inglenton, Ch. Patient and family 
experiences of palliative care in hospital: What do we know? An integrative review. Palliative Medicine. 
2013;28(1):18-33. 3. Klinger, Ch. A. et al. Barriers and facilitators to care for the terminally ill: A cross-country 
case comparison study of Canada, England, Germany, and the United States. Palliative Medicine. 2014;28(2): 111-
120. 

621 
Psychological resilience in people with Parkinson’s or Lewy Body dementia and their care partners 
I. Leroi, S. Vatter (Dublin, Ireland) 
Objective: To explore psychological resilience in people with mild cognitive impairment or dementia in PD (PD-
MCI, PDD) or dementia with Lewy bodies (DLB) and in their care partners, and its relation to quality of life, mental 
well-being, and relationship satisfaction. 
Background: The emergence of dementia in neurodegenerative movement disorders such as Parkinson’s disease or 
dementia with Lewy bodies may have a significant negative impact of several aspects of an individual’s life, as well 
as that of their care partner. Coping well with the condition may depend in part, on the degree of psychological 
resilience, or capacity to ‘bounce back’ from adversity. 
Methods: We assessed 76 participant dyads (people with PD-MCI/PDD/DLB and their care partners) using the 
Brief Resilience Scale, as well as measures of quality of life (PDQ-39; EuroQoL), depression and anxiety (HADS), 
relationship satisfaction and dyadic interaction (Relationship Satisfaction Scale). In care partners, we also assessed 
care burden (Zarit Burden Inventory) and stress (Relatives’ Stress Scale). Here, we examined resilience as both an 
outcome and as a predictor. 
Results: Resilience in care recipients was predicted by anxiety and motor severity [F(2,45)=20.70, p < 0.001, R2 = 
0.368), and was lower (mean = 3.22, SD = .75) compared to level of resilience in care partners (mean = 3.77, SD = 
.85, p <.001). Care partners’ resilience was predicted by their own mental health, quality of life, as well as factors 
related to the dyadic relationship (relationship satisfaction), care (burden, negative feelings related to care provision) 
and disease-related factors of people with PDD/DLB. Frequency and severity of neuropsychiatric symptoms, but not 
level of cognitive impairment, in the care recipient was also associated with care partners’ resilience. 
Conclusions: This is the first study to examine resilience in people with PD-MCI/PDD/DLB. Resilience in both 
members of the care dyad is associated with key individual and care partner-related factors and may be a focus on 
interventions to optimize outcomes. 

622 
Considerations before initiating therapy in Parkinsonism: basing on the health-related quality of life. 
F.T. Liu, J. Wang (Shanghai, China) 
Objective: We aimed to compare the determinants of life quality between drug naïve PD and MSA-P patients. 
Background: To improve the quality of life (QoL) has been termed as a main objective in imitating therapy in both 
Parkinson’s disease (PD) and multiple system atrophy-Parkinsonian subtype (MSA-P). However, the information on 
the QoL in drug-naïve PD and MSA-P patients is still limited. 
Methods: Eighty-six drug-naïve PD patients and thirty-six drug-naïve MSA-P patients were included to explore the 
determinants of QoL. Parkinson’s Disease Quality of Life Questionnaire (PDQ-39) was adopted to assess QoL. 
Demographic information, motor deficits, non-motor symptoms were included in the clinical assessment. 
Correlations between baseline clinical features and QoL were assessed using Spearman’s rho correlation coefficient. 
Linear regression model and multiple stepwise regressions were used to uncover the main determinants of the QoL. 
A two-year follow up was also conducted for further analysis. 
Results: Both motor and non-motor functions were more severely injured in the drug-naïve MSA-P patients, with 
higher PDQ-39 scores and poorer QoL. Physical discomfort and stigma were the sub-domains mostly affected in 
PD, while mobility and ADL were mostly affected in MSA-P. A two-years follow-up verified a similar distribution 
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pattern of PDQ-39. BECK depressive scores and UPDRS-III scores were the two independent variables of PDQ-39 
in MSA-P patients. Age, depression, disease stages and non-motor scores were independent variables of PDQ-39 in 
PD patients. 
Conclusions: Drug-naïve MSA-P patients suffered from more serious motor and non-motor disability, as well as 
poorer QoL. Depression and non-motor symptoms were proved to be the most critical factor of the PDQ-39 in PD, 
while motor function was supposed to be the major determinant for MSA-P. Physicians need to focus more on motor 
functions in drug-naïve MSA-P patients, but on depression in PD patients, when initiating therapy. 

623 
Sleep-related quality of life predictors in Parkinson's disease 
D. Martínez-Roque, S. Castillo-Torres, C. Cerda-Contreras, I. Estrada-Bellmann, B. Chávez-Luévanos (Monterrey, 
Mexico) 
Objective: To determine correlates of nocturnal sleep dysfunction in patients with idiopathic Parkinson's disease 
(PD). 
Background: Nocturnal sleep disturbances are among the most prevalent non-motor symptoms of PD. Although 
they have been associated with disease duration[1] and severity[2], cognitive impairment[3, 4], and even 
complications of treatment like dyskinesias[5]; their impact on patient’s quality of life remains understudied. 
Methods: Retrospective analytical study. Case files of PD patients were reviewed, and those with complete 
Parkinson’s Disease Sleep Scale (PDSS) scores were included for analysis. Bivariate correlations were determined 
between PDSS total score and subscores and Quality of Life score (8-item PD Questionnaire, PDQ8), Hoehn & 
Yahr stage, motor (MDS-UPDRS III), and cognitive (MoCA) scores. 
Results: 105 cases were analyzed, 68% male (n=71), mean age 60.2±11.9, age at onset 54.7±12.8 and disease 
duration 6.8±5.5 years. Mean Hoehn & Yahr 2.4±0.9, MDS-UPDRS III 41.7±25.3, and MoCA 24.0±4.2. Mean 
PDSS score was 15.7±10.1; the most frequent disturbance was nocturia (n=77, 73%), followed by inability to move 
(n=59, 56%), and morning tiredness (n=56, 53%). Mean PDQ8 score was 9.6±6.4, and the most frequent domains 
impaired were ‘difficulty dressing’ (n=73, 70%), ‘feeling depressed’ (n=70, 67%), and ‘painful muscle cramps’ 
(n=69, 66%). We found positive correlations between PDQ8 and total PDSS score (r=0.60, p<0.01) and subscores 
‘tiredness upon waking’ (r=0.45, p<0.01), and ‘limb-restlessness disrupting sleep’ (r=0.42, p<0.01). A linear 
regression model with PDQ8 total score as dependent variable, and PDSS subscores as predictors showed that 
‘tiredness upon waking’ (OR 1.0, 95%CI 0.2–1.9) and ‘limb-restlessness disrupting sleep’ (OR 1.0, 95%CI 0.1–1.9) 
were the only statistically significant predictors (p=0.02 and p=0.04 respectively) of quality of life (Table 1). 
Conclusions: Although the most frequently reported disturbance of sleep is nocturia, and patient-reported 
experiences of daily life (both motor and non-motor) and quality of life scores are correlated with nocturnal sleep 
disturbances, only limb restlessness that disrupts sleep represents a statistically significant predictor of quality of 
life. 
References: 1. Bjornara KA, Dietrichs E, Toft M. Clinical features associated with sleep disturbances in Parkinson's 
disease. Clin Neurol Neurosurg. 2014;124:37-43. 2. Junho BT, Kummer A, Cardoso FE, Teixeira AL, Rocha NP. 
Sleep quality is associated with the severity of clinical symptoms in Parkinson's disease. Acta Neurol Belg. 
2018;118(1):85-91. 3. Goldman JG, Ghode RA, Ouyang B, Bernard B, Goetz CG, Stebbins GT. Dissociations 
among daytime sleepiness, nighttime sleep, and cognitive status in Parkinson's disease. Parkinsonism Relat Disord. 
2013;19(9):806-11. 4. Goldman JG, Stebbins GT, Leung V, Tilley BC, Goetz CG. Relationships among cognitive 
impairment, sleep, and fatigue in Parkinson's disease using the MDS-UPDRS. Parkinsonism Relat Disord. 
2014;20(11):1135-9. 5. Mao CJ, Yang YP, Chen JP, Wang F, Chen J, Zhang JR, et al. Poor nighttime sleep is 
positively associated with dyskinesia in Parkinson's disease patients. Parkinsonism Relat Disord. 2018;48:68-73. 
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624 
Correlation between degree of dysarthria, motor severity and quality of life in patients with Parkinson's 
disease 
M. Olchik, C. Rieder, L. Scudeiro, R. Rech, R. Millette, A. Ayres (Porto Alegre, Brazil) 
Objective: To verify the relationship between clinical findings regarding dysarthria and self-perception of PD 
patients. 
Background: Dysarthria is one of the most common non-motor symptoms in Parkinson's disease and can 
considerably compromise the communication skills of Parkinson patients and negatively impact their quality of life. 
Methods: This is a cross-sectional study. Thirty patients with PD had their speech and voices recorded at a center 
specialized in Movement Disorders by students of the speech-language pathology course. The recordings included 
four speech tasks taken from the Protocol for the Assessment of Acquired Speech Disorders in Patients with 
Parkinson's Disease (PADAF)2: sustained vowel emission, number counting, diadochokinetic syllable rates 
(/pataka/), double vowel repetition (/i:u:/), and spontaneous speech. After the recordings, the patients answered two 
questionnaires of self-perception of speech: the Radboud Oral Motor Inventory for Parkinson ́s Disease (ROMP)3 
and Living with Difficulties of Speech Based on Neurology (Living with Dysarthria)4. Information on disease 
duration and severity of motor impairment were collected from patient medical records. The perceptual assessment 
of the speech recordings was performed by three speech-language pathologists with experience in the area. 
Results: 13 patients were recruited, 8 (61.5%) of whom were women. The mean age of the group was 63,46 years 
(+-12.67). LWD 137,15 points (+-48.47) and ROMP 12,31 points (+-5.86). H&Y 1 -7.7%, H&Y 2 – 61.5%, H&Y 3 
– 23.1 e H&Y 4 – 7.7%. Eight subjects (61.5%) displayed rigid motor symptoms, while 5 (38.5%) presented tremor. 
A speech assessment classified 8 (61,5%) patients as having slight dysarthria and 5 (38,5%) as having moderate 
dysartria. Those with slight dysarthria obtained average ROMP and LWD scores of 12.25 and 143.37 respectively, 
while participants with moderate dysarthria obtained average ROMP and LWD scores of 13.2 and 
127.2 respectively. 
Conclusions: No relation was found between degrees of motor impairment and speech impediment. Similarly, no 
significant association was established between degree of dysarthria and patient self-perception. 
References: 1. Walsh B, Smith A. Basic parameters of articulatory movements and acoustics in individuals with 
Parkinson's disease. Mov Disord. 2012;27(7):843-850. 2. PRESOTTO, MONIA ; RIEDER, CARLOS ROBERTO 
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MELLO ; Olchik, Maira Rozenfeld . Validação de Conteúdo e Confiabilidade do Protocolo de Avaliação dos 
Distúrbios Adquiridos de Fala em Indivíduos com Doença de Parkinson- PADAF. CODAS, 2019 (in press) 3. 
Presotto M, Olchik MR, Kalf JG, Rieder CRM. Translation, linguistic and cultural adaptation, reliability and validity 
of the Radboud Oral Motor Inventory for Parkinson's Disease – ROMP questionnaire. Arq. Neuro-Psiquiatr. vol.76 
no.5 São Paulo. 4. Puhl AE, Diaféria G, Padovani MM, Behlau MS. Living with dysarthria self-reported 
questionnaire in Parkinson's disease. In: 28th IALP Congress; 2010; Atenas, Grécia. 

625 
Pre-Dopa DBS: is early deep brain stimulation able to modify the natural course of Parkinson’s disease? 
M. Porta, D. Servello, A.R. Bona, E. Zekaj, G. Gonzalez-Escamilla, G. Groppa (Milan, Italy) 
Objective: We review the state-of-the-art for deep brain stimulation (DBS) in Parkinson’s disease (PD) 
management, and present a case-series to evaluate the potential of DBS prior to levodopa (L-Dopa) in improving 
Quality-of-life (QoL), challenging the current paradigms of delivery of DBS therapy. 
Background: Management of Parkinson’s disease (PD) consists of primarily pharmacological therapy, which are 
pivotal for controlling both motor and non-motor symptoms. Deep brain stimulation (DBS) is indicated as disease 
progresses and motor complications arise. Recent data on DBS feasibility in populations with short (7.3±3.1 yrs.)[1] 
and very short (>6 months but <2 yrs.)[2] disease duration reveals the superiority of DBS to medical treatment alone 
and compared to later interventions[3]. Nonetheless, to date no paradigms for the optimal DBS timely intervention 
exist. 
Methods: Eight patients, (50 to 67 years old) with at least 5 years of PD symptoms and without initiation of L-Dopa 
therapy, received subthalamic nucleus (STN) DBS implantation. In the 8 PD cases, indication for DBS was not 
driven by motor complications, as supported by current guidelines, but by relevant QoL impairment and patient’s 
reluctance to initiate L-Dopa treatment. We present data on clinical manifestation, decision finding during early 
indication to DBS and trajectories after DBS. 
Results: All patients treated with STN-DBS prior to L-Dopa presented improvement in motor and non-motor 
symptoms and significant improvement of their QoL (46%, 18.2 points in PDQ-39). All patients reduced the intake 
of dopamine agonists and five are currently free from L-Dopa medication, with no reported adverse events. When 
compared to QoL outcomes in [1] and [2] our results suggest higher responsiveness to DBS when no L-Dopa has 
been administered. 
Conclusions: Here, we introduce a multicenter observational study to investigate whether early DBS treatment may 
affect the natural course of PD. Early application of DBS instead of L-Dopa administration could rely on the ability 
of DBS to properly modulate the brain structural and functional network topology[4, 5] and be prompted by a 
significant incline on QoL through disease progression; however the clinical value of this proposed paradigm shift 
should be addressed in clinical trials aimed at modulate the natural course of PD. 
References: 1. Schuepbach WM, Rau J, Knudsen K, et al. Neurostimulation for Parkinson's disease with early 
motor complications. New Engl J Med 2013;368:610-622. 2. Charles D, Konrad PE, Neimat JS, et al. Subthalamic 
nucleus deep brain stimulation in early stage Parkinson's disease. Parkinsonism & related disorders 2014;20:731-
737. 3. Hacker ML, DeLong MR, Turchan M, et al. Effects of deep brain stimulation on rest tremor progression in 
early stage Parkinson disease. Neurology 2018;91:e463-e471. 4. Muthuraman M, Deuschl G, Koirala N, Riedel C, 
Volkmann J, Groppa S. Effects of DBS in parkinsonian patients depend on the structural integrity of frontal cortex. 
Scientific reports 2017;7:43571. 5. Koirala N, Fleischer V, Glaser M, et al. Frontal Lobe Connectivity and Network 
Community Characteristics are Associated with the Outcome of Subthalamic Nucleus Deep Brain Stimulation in 
Patients with Parkinson's Disease. Brain topography 2018;31:311-321. 

626 
Advanced Care Planning in complex Parkinson’s disease 
L. Richardson, N. Butt, M. Khwaja, H. Avery, G. Alg, A. Chatterjee (Reading, United Kingdom) 
Objective: To improve Advanced Care Planning in complex stage Parkinson’s disease 
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Background: Parkinson’s disease is a common neurodegenerative condition progressing through diagnosis, 
maintenance, complex and palliative stages. NICE guidance (1) recommends that patients with Parkinson’s disease 
and their family members or carers should be offered oral and written information about the progressive nature of 
the disease, advanced care planning, options for further management and what could happen at the end of life. A 
recent audit at the Royal Berkshire Hospital demonstrated that none of our Parkinson’s patients had a formal 
advanced care plan documented prior to their death. A subsequent GP survey revealed that 100% of respondents felt 
that a care pathway should be developed. 
Methods: We organised a multi-disciplinary study day which focussed on advanced, complex disease and aimed to 
both raise awareness and also engage key stakeholders including neurologists, palliative care physicians, community 
geriatricians and care home leaders as well as members of the wider multidisciplinary team. A poster was designed 
to highlight the features of complex disease and facilitate specialist referral from within the acute hospital. 
Alongside this, the inpatient electronic referral pathway was amended to specifically incorporate advanced care 
planning. Access to an online regional community palliative care database (ADASTRA) has also been granted. This 
means that Advanced Care Plans can be formally documented by the specialist team and accessed by General 
Practitioners, community teams and ambulance services. 
Results: A written guideline and a pathway to help medical practitioners, nursing staff, allied healthcare 
professionals (including frailty practitioners and pharmacists), identify and appropriately refer patients with 
Parkinson’s to a specialist for advanced care planning has been successfully introduced into the trust. 
Conclusions: Advanced care planning is a key process in enabling patients to share their personal wishes and values 
with regards to their future medical care. We hope that the introduction of a new care pathway for those with 
advanced Parkinson’s disease will help ensure that our patients are provided with the opportunity to discuss their 
preferences and enable us to deliver the highest standard of care. 
References: 1. NICE Guidance (NG71); Parkinson’s disease in adults 

627 
Stigma in Egyptian patients with Parkinson’s disease 
M. salim, A. helmy, A. shalash, E. abdel dayem (cairo, Egypt) 
Objective: In this study we aimed to investigate stigma in Egyptian Parkinson’s disease patients using a culturally 
adapted Arabic version of the 39-item Parkinson's disease questionnaire (PDQ-39). 
Background: Parkinson’s disease (PD) is a neurodegenerative disease characterized by motor and nonmotor 
symptoms.Many factors may affect quality of life in Parkinson’s disease . A significant one is the stigma 
experienced by the parkinsonian patients. Stigma may affect everyday life and patient’s subjective and relational 
perception and it may lead to frustration and isolation 
Methods: Ninety-seven Egyptian Parkinson’s disease patients were rated using the 39-item Parkinson's disease 
questionnaire which is formed of 39 items that are grouped into eight dimensions and stigma is one of them. 
Results: 86.4% of PD patients felt stigmatized . Stigma was associated with younger age of enrollment, younger age 
of disease onset, disease severity, impaired daily activities and cognition, as well as depression 
Conclusions: This study showed the high prevalence of feeling stigmatized in a sample of Egyptian Parkinson’s 
disease patients. Consequently, the identification and management of this feature could help in the improvement of 
Health related quality of life (HRQoL) of PD patients 

628 
Motor and non-motor symptoms burden, autonomy, quality of life and principal caregiver status is worse in 
patients with 5-2-1 positive criteria: a simple screening tool for identifying PD patients who need an 
optimization of Parkinson´s treatment. 
D. Santos, T. de Deus, E. Suárez Castro, A. Aneiros (A Coruña, Spain) 
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Objective: To compare quality of life (QoL), non-motor symptoms (NMS) burden, autonomy for activities of daily 
living (ADL) and patient´s principal caregiver status in PD patients with vs patients without “5-2-1 positive criteria” 
(defined as meeting ≥ 1 of the criteria). 
Background: 5- (times oral levodopa tablet intake/day) 2- (hours of OFF time/day) 1 (hour/day of troublesome 
dyskinesia) criteria have been proposed by a Delphi expert consensus panel for diagnosing advanced Parkinson’s 
disease (PD) 
Methods: This is a cross-sectional, observational, monocenter study. Three different instruments were used to 
assess QoL: the 39-item Parkinson’s disease Quality of Life Questionnaire Summary Index score (PDQ-39SI); a 
subjective rating of perceived QoL (PQ-10); and the EUROHIS-QOL 8-item index (EUROHIS-QOL8). NMS 
burden was assessed with the Non-Motor Symptoms scale (NMSS), autonomy for ADL with the Swab&England 
ADLS score (ADLS), and caregiver burden with the Zarit Caregiver Burden Inventory (ZCBI) and Caregiver Strain 
Index (CSI). 
Results: From a cohort of 102 PD patients (65.4±8.2 years old, 53.9% males; disease duration 4.7±4.5 years), 20 
(19.6%) presented positive 5-2-1 criteria: 6.9% for 5, 17.6% for 2, and 4.9% for 1. The 37.5% (12/32) and 25% 
(5/20) of patients with motor complications and dyskinesia, respectively, presented 5-2-1 negative criteria. Both 
health-related (PDQ-39SI, 25.6±14 vs 12.1±9.2; p<0.0001) and global QoL (PQ-10, 6.1±2 vs 7.1±1.3; p=0.007; 
EUROHIS-QOL8, 3.5±0.5 vs 3.7±0.4; p=0.034) was worse in patients with 5-2-1 positive criteria. Non-motor 
symptoms burden (NMSS total score, 64.8 ± 44.8 vs 39.4 ± 35.1; p<0.0001), autonomy for activities of daily living 
(ADLS, 73.5 ± 13.1 vs 89.2 ± 9.3; p<0.0001) and patient´s principal caregiver strain (CSI, 4.3 ± 3 vs 1.5 ± 1.6; 
p<0.0001) and burden (ZCBI, 28.4 ± 12.5 vs 10.9 ± 9.8; p<0.0001) was worse in patients with 5-2-1 positive 
criteria. 
Conclusions: QoL is worse in patients meeting ≥ 1 of the 5-2-1 criteria. This group of patients and their caregivers 
are as a whole more affected. These criteria could be useful for identifying patients in which it is necessary to 
optimize Parkinson´s treatment. 
References: 1. Antonini A, Odin P, Kleinman L, Skalicky A, Marshall T, Sail K, et al. Implementing a Delphi Panel 
to Improve Understanding of Patient Characteristics of Advanced Parkinson´s Disease. Mov Disord 2015;30:S1186. 
2. Santos-García D, Parra J, Arroyo G, Bergmann L, Catalán MJ. Applying “5-2-1” Diagnosing Criteria for 
Advanced Parkinson’s Disease to an Observational Study Population Treated with Levodopa-carbidopa Intestinal 
Gel. E-Poster Presentation (EPR3073). 4TH Congress of the European Academy of Neurology, Lisbon, June 16-19, 
2018. 
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Association between Gait during Daily Life and Clinical Measures: Effects of Bout Length 
V. Shah, J. McNames, C. Curtze, M. Mancini, P. Carlson-Kuhta, J. Nutt, M. El Gohary, F. Horak (Portland, OR, 
USA) 
Objective: In this study, we investigated how the association between gait during daily life and clinical measures 
changes with walking bouts of different lengths in people with Parkinson’s Disease (PD) and healthy controls (HC). 
Background: Little is known about how walking characteristics differ by length of gait bouts during normal daily 
activities, or which gait bout lengths best reflect clinical measures of severity of PD, balance, and patient-related 
outcomes. 
Methods: So far, we have recruited 17 people with mild-moderate idiopathic PD (66.2±4.2 years), and 19 age-
matched HC subjects (67±7.4 years). Subjects wore 3 inertial sensors (Opals, APDM) attached to both feet and the 
lumbar region for a week of continuous monitoring. A gait bout was defined as walking bouts of at least 3 
consecutive steps, a minimum duration of 3 seconds and a step-to-step duration of no longer than 2.5 seconds. We 
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derived a total of 60 gait metrics, including mean and variability of each gait metric. Clinical measures such as 
Activities-Specific Balance Confidence (ABC), Mini-BESTest (balance) and MDS-UPDRS Part III (34±11) were 
collected during a home visit. We categorized each bout into four groups based on a number of strides:  small (1-10 
strides), medium (11-30 strides), large (31-60 strides) and very large (>60 strides) bouts. 
Results: Preliminary analysis of continuous monitoring showed that the number of gait metrics that were 
significantly correlated with ABC (19/60) and Mini-BESTest (17/60) was higher for the small bout size compared to 
very large bout size (5/60 and 6/60, respectively). Most of these gait metrics were related to variability in 
spatiotemporal measures of gait. We also looked at the effect of bout length on gait metrics related to UPDRS III, 
PIGD and bradykinesia subscores in a subset of PD subjects (n=12, ON state). For small bout size, we found that 
variability in coronal range of trunk motion was correlated with UPDRS III (p=0.009); variability in maximum 
amount of lateral leg swing was correlated with PIGD (p=0.006); and variability in coronal trunk range of motion 
was correlated with bradykinesia (p=0.010). 
Conclusions: Our results suggest that although the correlation between gait metrics for various bout size and 
clinical measures was statistically significant, more subjects are needed to determine which bout size reflects 
physician and patient assessments of mobility and motor signs of parkinsonism. 

631 
A Smart Device System (Wearable technology band) to Identify New Phenotypical Characteristics in 
Parkinson‘s disease patients 
V. Sharma, S. Sharma (Delhi, India) 
Objective: To develop methods for analyzes and monitor of  gait data via smart device system and identify new 
phenotypical characteristics in PD patients. 
Background: Parkinson's disease (PD) and essential tremor are two of the most common movement disorders and 
are still associated with high rates of misdiagnosis. New smart device system (SDS) together with smartphone 
applications are being examined and tested for their potential to monitor and manage patients with PD.  A new 
wearable technology that constantly detects mobility patterns in people with Parkinson’s disease, analyzes that data 
and transmits it to the cloud, is set to fuel a worldwide breakthrough for Parkinson’s researchers and physicians, as 
well as for wearers of the device. 
Methods: Total of 68 PD patients were taken as subject with an equal ratio of male and female and age group 
between 60 to 75 years. SDS (Wearable monitoring device MI band) was put on the wrist of PD patients  for 30 
days.  The electronic questionnaires will cover data on medication, family history and non-motor 
symptoms.  Wearable assistive bands, automatically provides a cueing sound when freezing of gait (FOG) is 
detected and which stays until the subject resumes walking. 
Results: Present results shown that SDS  reading showed there was a normal  heart rate, more calorie burnt  with 
better control of sugar control and average good sleep count in more  physically workout, include walking in PD 
patients  compared to less physically workout PD patients, identified by professional physiotherapists.   Smart 
device reading showed that after changing lifestyle routine among less physically active PD patients, their FOG 
events normalize with less requirement of insulin injection dose. 
Conclusions: Future work considers integration with deep brain stimulation, dissemination into further sites and 
patient's home setting as well as integration with further data sources as neuroimaging and biobanks 

632 
Quality of Life Indicators and Psycho-Social Adaptation of Patients with Essential Tremor 
A. Taskinbayeva (Almaty, Kazakhstan) 
Objective: To study the life quality indicators and psycho-social adaptation of patients with ET. 
Background: Essential tremor (ET) is a frequent  movement disorders in the world. ET is no longer considered as a 
monosymptomatic disease, accompanied only by movement disorders, but it is accompanied by changes in the 
cognitive sphere, the presence of significant labor and social maladjustment. 
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Methods: The observed group consisted of 20 subjects (mostly women 65%) who were residents of Almaty city , 
Republic of Kazakhstan.  The average age of the patients at the time of the study was 64.05±1.2 years, the duration 
of the disease was 7.8±2.3 years. The age of onset of the disease was 52.8±2.9 years. To assess the quality of life, 
Quality of Life in Essential Tremor Questionnaire (QUEST) and a social disadaptation questionnaire related to 
tremor were used, consisting 9 questions, helped in assessing the extent to which tremor in different parts of the 
body affects the overall quality of life and the social adaptation. 
Results: As a result of the quality of life study in patients with ET, 75% had impaired eating habits, changes in 
handwriting wa noted in 90% of subjects. The general quality of life was estimated by 10% of patients for 100 
points (0-100p), 20% of patients by 50p., 70% within 70-90p. 54.5% of patients for the period of development of 
tremor stopped working, 33% of these patients made a decision due to an increase in psychological discomfort, 16% 
due to marked motor impairment, and in 50% of cases due to a combination of psychological discomfort and 
functional impairment. At the time of the development of the tremor, 70% patients had either stopped working, ether 
the severity of the tremor did not affect the decision to quit the job. Tremor also led to a reduction in hobby time in 
55%, due to psychological discomfort in 4% and severe motor problems in 41%. 50% of patients did not socialize 
because of the existing tremor, 48% of them combined with pronounced negative emotions associated with tremor. 
Conclusions: We concluded that the level of quality of life of patients with ET is determined by both the severity of 
tremor and the structure of the disturbance of daily activity. Patients with ET as a whole are characterized by 
medium and low scores of their quality of life. The obtained results confirm the significant negative impact of 
tremor on the social adaptation of patients, caused psychological discomfort. 
References: [1]. http://n.neurology.org/content/89/12/1291-Quality improvement in neurology Essential Tremor 
Quality Measurement Set, Theresa A. Zesiewicz, Kelly L. Sullivan, Marcus Ponce de Leon, Anna D. Hohler. First 
published August 23, 2017. [2].Deuschl G., Bain P.G., Brin M.; Ad Hoc Scientific Committee. Consensus statement 
of the Movement Disorder Society on tremor/Mov. Dis ord.1998.V.13.P.2-3. [3].Fahn S., Tolosa E., Marin C. 
Clinical rating scale for tremor/Parkinson’s Disease and Movement Disorders/Ed. by J. Jankovic, E. Tolosa. 
Baltimore-Munich: Urban&Schwarzenberg.1988.P.225-234. [4].Assessing tremor severity/P.G.Bain[et al.] 
Neurol.Neurosurg. Psychiatry1993.Vol.56 (8). P.868-873. [5].Quality of life in Essential Tremor 
Questionnaire(QUEST):Development and initial validation, A.I.TrösteraRajeshPahwabJulie A.FieldscCaroline 
M.TannerdKelly E.Lyonsb [6].Quality of Life in Essential Tremor Questionaire Quest) 
/https://www.movementdisorders.org/MDS...Scales/QUEST. 

633 
Longitudinal digital observation of the holistic quality of the life of patients with Parkinson's disease 
F. Thieken, A. Greuel, L. Timmermann, K. Sohrabi, C. Woopen, B. Schmitz-Luhn, A. Janhsen, C. Eggers (Marburg, 
Germany) 
Objective: The aim of this study is the development of a digital concept for a longitudinal assessment of quality of 
life during the various stages of Parkinson’s disease progression. 
Background: Parkinsonian syndromes are heterogeneous chronic neurodegenerative disorders associated with 
motor and non-motor symptoms. The symptoms have major psychosocial effects on the quality of life of patients 
and a high burden for caregivers. So far, several questionnaires have been developed to assess quality of life in 
parkinsonism, but none of these include the positive sides of well-being, such as personal and social resilience 
factors. 
Methods: The CHAPO model (Challenges and Potentials) has been established in a vast study to assess the quality 
of life of the elderly, including environmental and individual factors, life chances and life results from a subjective 
as well as an objective point of view [1]. It is currently being adapted to include the specific aspects that affect 
quality of life in parkinsonian syndromes. We intend to establish a digital monitoring system to assess Parkinson's 
patients in a standardized manner over the entire duration of their disease. The data are recorded by using digitized 
questionnaires as well as cognitive and motor tests in a digital application, which the patient completes comfortably 
at home. In addition, we conduct physical examinations every six months over the course of the disease with a 
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minimum of 500 patients, which will be taking place in our clinic or in the domestic environment depending on the 
specific physical mobility of the patients. 
Results: We expect this study to demonstrate that existing disease-related quality of life models do not sufficiently 
address the relevant factors of the subjective well-being of Parkinson's patients. In addition, we assume that the 
modified, disease-specific CHAPO model records the relevant aspects of quality of life more accurately, and that a 
longitudinal observation is possible with the digitized survey. 
Conclusions: We expect to detect factors which correlate to the subjective well-being of Parkinson's patients, and 
want to use these findings to improve the health care structures of patients with Parkinson’s disease and related 
disorders. 
References: [1] Wagner M, Rietz C, Kaspar R, Janhsen A, Geithner L, Neise M, Kinne-Wall C, Woopen C, Zank S: 
Quality of life of the very old : Survey on quality of life and subjective well-being of the very old in North Rhine-
Westphalia (NRW80+). Z Gerontol Geriatr. 2018 Feb:193-199. 

634 
Changes in close relationships among patients with Parkinson’s disease and their partners following initiation 
of device-aided treatment 
J. Timpka, M. Scharfenort, T. Sahlström, V. Hernström, T. Henriksen, D. Nyholm, P. Odin (Lund, Sweden) 
Objective: Our primary objective was to study whether there is a difference in how close relationships are perceived 
by Parkinson’s disease (PD) patients with device-aided treatment (DAT) and their partners. The secondary objective 
was to investigate how the satisfaction with close relationships in patients with PD and their partners evolves after 
the initiation of DAT. 
Background: Close relationships are variable and evolve over time—no matter whether health status is taken into 
account or not. DATs include deep brain stimulation, intestinal levodopa-carbidopa infusion, and apomorphine 
infusion and are initiated during the advanced stage of PD when complications get increasingly common. At that 
stage, patients and their partners are likely to have lived with the disease for several years and a switch to DAT 
improves motor and non-motor symptoms for patients on the group level. However, the relatively sudden changes in 
health status are likely to also affect the dynamic in close relationships that have evolved over years. 
Methods: Patients with PD and DAT were recruited at three centers in Sweden and Denmark. Patients and their 
partners were interviewed separately. Attachment patterns were studied using the Experiences in Close 
Relationships—Relationship Structures Questionnaire (ECR-RS). 
Results: A total of 41 patients with PD and equally as many partners were included. Patients reported a higher 
degree of attachment-related anxiety, while partners reported higher degree of attachment-related avoidance. A 
majority of participants reported changes in satisfaction with the relationship one year after the initiation of DAT, 
either an improvement or a deterioration, while the relationship satisfaction after a median of five years of treatment 
was more similar to before the start of DAT. 
Conclusions: The differences in attachment-related anxiety and avoidance indicate that PD has negative 
consequences for close relationships, likely due to the gradually shifting of relationship dynamic that a chronic 
neurodegenerative disorder causes. The satisfaction with close relationships often changes after initiation of DAT 
for PD, but more research is needed to clarify what factors steer the change towards either an improvement or a 
deterioration. 
 
Note: The two first authors are co-first authors and have contributed equal work to the abstract. 

635 
Understanding the Needs and Concerns of Newly Diagnosed People with Parkinson’s Disease 
V. Todaro, M. Feeney, A. Diaz, S. Rosenfeld, J. Gannon (New York, NY, USA) 
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Objective: To identify the concerns of those newly diagnosed with Parkinson’s (up to three years since diagnosis) 
through an online survey and utilize findings to inform patient-centered information, tools and resources to assist 
this population and their care teams in managing their disease and quality of life. 
Background: There has been little research on the needs and priorities of those newly diagnosed with PD from the 
patient and care partner perspective. There is also lack of information on the role of the diagnosing physician in 
providing educational information. Greater knowledge of clinical and non-clinical issues that are of importance to 
the newly diagnosed and identification of mechanisms for the provision of this information will help foster 
improved patient-centered approaches to disease management, better health outcomes and enhanced quality of life. 
Methods: In January 2019, an online survey was sent to 3,052 people with PD and 2,117 care partners who called 
with the Parkinson’s Foundation Helpline in the last three years. A quantitative analysis was conducted on the 
responses, including cross-comparisons on age, gender, area of residence, years experiencing symptoms before 
diagnosis and provision of educational materials from their diagnosing physician within six months of diagnosis. A 
qualitative analysis was conducted on the open-ended responses through thematic analysis. 
Results: The survey resulted in a 21.8% response rate. Of the respondents, 65.8% were people with PD and 34.2% 
were care partners. Of those with PD, 74% identified as newly diagnosed. Within the first six months of diagnosis, 
42% of people with PD and 45% of care partners reported that they did not receive educational materials from the 
diagnosing physician. Among respondents, 79.4% cited what the future holds; 76.6% cited how fast the disease will 
progress and 74.6% cited how to live the best possible life as primary concerns within the first three years of 
diagnosis. 
Conclusions: These findings provide insight into the patient-centered concerns of the newly diagnosed and priority 
placed on information, resources and tools that focus on quality of life. The significant percentage of newly 
diagnosed people with PD and care partners not receiving information from the diagnosing physicians demonstrate 
the need to expand understanding of effective strategies to ensure that this population has access to the knowledge 
and information they need. 

636 
Difference in perception of the wearing-off between patients and physicians in Parkinson’s disease 
Y. Tsuboi, R. Nakagawa, M. Ishido, Y. Yoshinaga, T. Hashimoto, T. Mishima, S. Fujioka (Fukuoka, Japan) 
Objective: To explore if any inconsistency exists in the perception of the presence of wearing-off (WO) symptoms 
between patients and physicians in Parkinson’s disease (PD). 
Background: Recognizing the complications in progressive diseases such as PD is very challenging for physicians. 
Several questionnaires were developed to identify the motor complications relating to levodopa treatment (e.g. 
WOQ-9), however these questionnaires are not routinely used in clinical practice. Detection of disease progression 
has relied on the physician’s assessment, therefore accurate information sharing between patients and physicians is 
critical for appropriate assessment. 
Methods: Survey in patients with PD and their physicians were conducted in Japan. A web screening was 
conducted following with the questionnaires for both patients and physicians. The completed questionnaires from 
the patient and the physician were collected separately by mail. WOQ-9 was used to assess the presence of WO 
objectively (the presence of WO: WOQ-9 >=2). McNemar tests were used for comparisons between the patient’s 
self-awareness/physician’s assessment, patient’s self-awareness/WOQ-9, and physician’s assessment/ WOQ-9 
separately. 
Results: A total of 237 patients with PD and their physicians participated in this survey. WO was observed in 
35.32% of PD patients by patient’s self-awareness and 45.96% of PD patients by physician’s assessment. The 
discordance between patient’s self-awareness/physician’s assessment were observed in 49 (20.85%) cases 
(p<0.0004), and 37 (15.74%) patients under-recognized their own WO compared with their physicians. 
In addition, WOQ-9 detected WO in 67.23%. The discordance between patient’s/WOQ-9 and physician’s/WOQ-9 
were found in 99 (42.13%) cases (p<.0001) and 92 (39.15%) cases (p<.0001) respectively. 
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Table. 1 Comparison of the number of patients self-assessed or diagnosed with wearing-off by patient’s self-
awareness, physician’s assessment, or WOQ-9. 
[table1] 
Conclusions: This study showed the low-awareness of WO in patients compare to the physician’s assessment. 
Further analysis is needed to assess the impact of this inconsistency between patient’s self-awareness, physician’s 
assessment, and the objective scales on patient’s quality of life. 

 

637 
Stigma and Quality of life in Parkinson’s disease patients on different treatment regimens 
O. Vanta, L. Perju-Dumbrava, L. Perju-Dumbrava (Cluj-Napoca, Romania) 
Objective: To assess self reported quality of life (QOL) in patients with Parkinson’s disease (PD) under different 
treatment options and to evaluate the emotional burden of this progressive neurological disease. 
Background: It is well known that dopaminergic treatment improves motor functions and QOL in PD patients but 
stigma associated with PD is still rarely evaluated. 
Methods: We evaluated 41 patients that were admitted in Neurology I department of County Emergency Hospital in 
Cluj-Napoca, over a period of 6 months and completed the PDQ-39 Questionnaire. 29 subjects were on levodopa 
(mean dose 877 mg/day). 12 subjects received other dopaminergic treatment [Table 1]. 
Results: Mean PDQ 39 scores were higher in the levodopa group compared to the non-levodopa group [Table 2]. 
Disease duration correlated with Hoehn and Yahr stage (Spearman’s Correlation coefficient (rho) 0.665, p<0.01), 
PDQ-39 mobility dimension (rho 0.395, p<0.05), activity of daily living (ADL) dimension (rho 0.494, p<0.01), 
cognition (rho 0.465, p<0.05) and communication (rho 0.465, p<0.05). Scores of PDQ-39 stigma domain correlated 
with mobility domain (rho 0.535, p<0.01), ADL (rho 0.458,p<0.01), emotional wellbeing (rho 0.637, p<0.01) and 
support (rho 0.475, p<0.01). Levodopa dose correlated only with the stigma domain on PDQ-39 scale (rho -0.372, 
p<0.05). There was no correlation of any dimension of PDQ-39 with age. 
Conclusions: Quality of life decreases as disease progresses, regardless of levodopa dose or age. PD patients may 
regard their illness with shame, mostly due to motor impairment, regardless of disease duration. Levodopa has a 
positive influence on stigma. 
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Impact of cathine and cathinone use among Parkinson’s disease Patients 
S. Zewde (Addis Ababa, Ethiopia) 
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Objective: Evaluate cathine and cathinone’s effect on alertness, energy, sleep pattern, and tremor among 
Parkinson’s disease patient. 
Background: Khat , a plant that contains amphetamine like  stimulants called cathine and cathinone , is widely 
distributed and abused in east Africa and mainly in Ethiopia. It is a herb taken for its recreational value to increase 
alertness and boost Energy with less addictive influences.  Because of these characteristics, it is preferred 
over  Marijuana or Amphetamines among users. So far there is no data that shows any benefit or risk to patients with 
Parkinson’s disease while many patients with the disease use it for different purposes, including for improving their 
slow activities and low level of alertness. 
Methods: We recruited 120 age, sex , literacy level and functional status matched Parkinson’s disease patients from 
Black lion Hospital from January, 2018 to September, 2018 and identified 2 groups such as Khat users and non-
user.  We then developed a questionnaire that address their symptoms and interviewed them to describe their 
experience with the herb on their alertness, energy, sleep pattern and tremor. 
Results: Baseline characteristics like age, sex, literacy level and functional status were all comparable. Khat users 
were 53(44.16%) and non khat users were 67(55.8%). There was a satisfactory increased alertness and energy for 
activities among khat users (OD of 2.31, 95% CI 1.61-2.45) and a significant increment in tremor and sleep 
disturbance (OD of 1.24, 95% CI 0.93-1.45) compared to non khat users. 
Conclusions: Amphetamine like substances like Cathine and cathinone in Khat improve Parkinson disease patient’s 
alerteness and energy for activities while worsening tremor and sleep. More studies are needed  to make use of this 
plant for alertness and energy without its side effects. 

Caregiver Burden 

640 
Caregiver support and its association with advanced Parkinson’s disease and clinical outcomes 
A. Fasano, L. Bergmann, V. Fung, Y. Jalundhwala, K. Onuk, Z. Pirtosek, W. Robieson, K. Seppi, A. Takáts, P. 
Martinez-Martin (Totronto, ON, Canada) 
Objective: To assess characteristics of advanced Parkinson’s disease (APD) patients with ongoing device-aided 
treatment stratified by caregiver support. 
Background: Observe-PD is a multicountry, cross-sectional observational study conducted with 2615 PD patients 
at 128 movement disorder centers in 18 countries. 
Methods: The association between ongoing device-aided treatment (DAT) (i.e. treatment that extends beyond oral 
medications) and multiple clinical outcomes based on caregiver support was evaluated. The descriptive 
characteristics of the groups (ongoing DAT with caregiver support vs ongoing DAT without caregiver support) are 
presented. 
Results: Overall, 2615 patients were included in this analysis. Of these patients, 181 patients (6.9%) planned to 
initiate DAT (63.5% having caregiver support), and 399 (15.3%) had ongoing DAT (with 71.2% having caregiver 
support). DAT patients with caregiver support had a higher age and slightly longer disease duration and duration of 
motor fluctuations. Motor, non-motor, and quality of life scores (mean±SD) for patients with ongoing DAT, with 
and without caregiver support, were 17.8±8.4 and 9.1±5.1 (UPDRS II- activities of daily living); 1.2±1.0 and 
0.8±0.9 (UPDRS IV Q32- dyskinesia duration); 1.1±0.9 and 0.7±0.8 (UPDRS IV Q39- OFF time); 62.6±41.9 and 
36.7±29.4 (NMSS total); and 40.8±18.5 and 23.1±15.3 (PDQ-8- quality of life), respectively [Table 1]. A regression 
analysis showed significant associations between ongoing DAT and caregiver support (P<0.0001). 
Conclusions: APD patients with ongoing DAT having caregiver support showed higher scores for ADL and QoL, 
reflective of higher age and longer disease duration compared to patients without caregiver support. 
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641 
Alexander Technique Group Classes Are a Feasible and Promising Intervention for Care Partners of People 
living with Parkinson’s disease 
M. Gross, R. Ravichandra, B. Mello, R. Cohen (Candler, NC, USA) 
Objective: To test an adapted Alexander technique (AT) group course to improve quality of life for care partners of 
people living with Parkinson’s disease (PLwPD). 
Background: AT is an embodied cognition approach that aims to transform harmful reactions to stress into adaptive 
responses, enhancing performance of daily activities while improving confidence and reducing anxiety. Previous 
work has demonstrated that private AT sessions can reduce neck and back pain. 
Methods: We delivered an adapted AT program in seven cities in North Carolina (USA); groups met 90 minutes 
weekly for 10 weeks. The study was held in various general community senior centers, churches and assisted living 
facilities. 65 participants (55 women and 10 men), aged 68 (+/-7 years) participated. Most were white, non-Hispanic 
college graduates caring for spouse/partners. Outcomes were assessed before and after the intervention, and 6 
months later. No comparison group was included. Coursework included functional anatomy and self-management 
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strategies, taught through verbal instructions, hands-on guidance, partnering activities, and interactive games. A 
unique feature of our program is that all activities are prefaced with strategic thoughts and verbal prompts to 
interrupt automatic reactions. These self-regulatory strategies, while neurologically sophisticated, are presented 
simply enough to be remembered and used independently outside of class. Outcome measures were anonymous 
course evaluations, executive function (Stroop and Digit Span), balance (Mini BESTest), and self-report measures 
(mindfulness, fatigue, pain, stress, self-efficacy, and mood). 
Results: Course attendance was 83%. Retention was high (83%). On a 0-10 scale, the mean rating was 9.5 for 
“enjoyed the interaction with other participants,” 9.2 for “encountered new ideas,” 8.4 for “learned skills to take care 
of myself emotionally,” and 8.3 for “likely to use the new skills in my daily life.”  Executive function improved 
(p<.05). There was strong correlation between improved self-reported mindfulness and increased self-efficacy and 
reduced fear and fatigue (p<.00005). 
Conclusions: AT shows promise as a long-term self-management approach to ease caregiver burden. Group classes 
have the potential to provide cost-effective delivery with additional social benefits. 

642 
Effects of gender on caregiving in Parkinson’s disease 
S. Horn, S. Wu, Y. Dai, F. Cubillos, N. Dahodwala (Philadelphia, PA, USA) 
Objective: To assess gender differences in caregiving among patients with Parkinson’s disease (PD). 
Background: Prior work shows that women with PD have fewer informal caregiving resources than men (1). 
However, the underlying reasons for these gender differences are poorly understood. 
Methods: We surveyed caregivers of PD patients at 15 centers in the United States participating in the Parkinson’s 
Foundation Parkinson’s Outcomes Project (PF-POP), an ongoing, prospective, observational study of PD. 
Results: Caregivers for 199 female and 457 male PD patients completed the survey. 84.9% of men and 78.3% of 
women had a regular care partner. 28.1% of women and 9.8% of men with no care partner were widowed. Over 
90% of caregivers were spouses. Female caregivers were younger (aged 64.9 vs. 67.7; p=0.0001) and worked fewer 
hours per week outside the home than male caregivers (32.1 vs. 41.3; p=0.010). Male and female caregivers had 
similar employment status and spent a similar amount of time per week providing care. Female caregivers had more 
symptoms of depression (depression scale score: 10.6 vs 8.6; p=0.025) and reported more strain (caregiver strain 
index: 19.7 vs. 14.9; p=0.0008), though caregiver preparedness was similar between men and women. Male 
caregivers had more access to help from others (59.3% vs. 48.0%; p=0.010), reported higher feelings of satisfaction 
from caregiving (92.8% vs. 87.2%; p=0.045), and had more time for other family members (73.8% vs. 57.6%; 
p=0.0001). Male caregivers cared for patients with more advanced Hoehn and Yahr stage. PD patients with female 
caregivers scored worse on cognitive testing and were more likely to be taking a cognitive enhancing medication 
(18.8% vs 9.5%, p=0.004). 
Conclusions: This nationwide survey evaluated gender differences in caregiving among PD patients. The higher 
rates of depression and strain among female caregivers, with less time to spend on jobs outside the home and with 
other family members, may in part be explained by higher rates of cognitive decline among PD patients with female 
caregivers and the larger support system in place for male caregivers. Addressing these unique needs by gender for 
caregivers will be important for reducing burden. Further studies are important to determine whether these gender 
differences in caregiving affect long term health outcomes in PD patients. 
References: [1] Dahodwala N, Shah K, He Y, Wu S, Schmidt P, Cubillos F, et al. Sex disparities in access to 
caregiving in Parkinson disease. Neurology. 2017 Dec 1 

643 
The costs of caregiving in Parkinson’s disease 
S. Horn, S. Wu, Y. Dai, F. Cubillos, N. Dahodwala (Philadelphia, PA, USA) 
Objective: To assess caregiving costs among patients with Parkinson’s disease (PD) across different stages of 
disease. 
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Background: Caregivers provide necessary support for patients with PD, though not all PD patients have access to 
a regular care partner. Little is known about the financial, time and emotional costs of caregiving in PD and how 
those costs evolve as the disease progresses (1). A better understanding of caregiving costs will help with health care 
planning and resource allocation. 
Methods: We surveyed caregivers of patients with Parkinson’s disease in the United States who are participating in 
the Parkinson’s Foundation Parkinson’s Outcomes Project, an ongoing, prospective, observational study of PD that 
annually assesses health outcomes among participants with PD and their caregivers. 
Results: A total of 656 caregivers participated. The average time spent caregiving increased with disease 
progression, from 33.1 ± 51.9 hours per week for patients Hoehn and Yahr (H&Y) stage 1 (if monetized, would 
equal $12.5K annually based on minimum wage) to 92.8 ± 67.7 hours per week for patients H&Y stage 4-5 (if 
monetized would equal $35K annually) (p<0.0001). As PD progresses, caregivers increasingly reported working 
fewer hours outside of the home (H&Y 1 4.5%, H&Y 4-5 13%; p=0.005) and by H&Y stage 4-5, 17.4% of 
caregivers stopped working because of caregiving needs (vs. 0% in H&Y 1; p=0.001). The monetary cost of 
caregiving became increasing unaffordable with disease progression and patients with advanced disease were more 
likely to change residence due to the disease (H&Y 1 13.6%, H&Y 4-5 30.4%; p=0.0001). With disease progression, 
caregivers experienced higher rates of family conflict over caregiving, caregiver strain, and symptoms of depression. 
There were no differences in self-reported health of caregivers by H&Y stage. 
Conclusions: Caregivers reported spending significantly more hours caregiving than previously reported (2). 
Monetary cost, family conflict, caregiver strain, and depression increased with disease progression. Despite this, 
caregiver health did not deteriorate. The burden of caregiving for advancing PD is quite high and highlights the need 
for additional community resources. 
References: 1. J H Carter, B J Stewart, P G Archbold, I Inoue, J Jaglin, M Lannon, et al. Living with a person who 
has Parkinson's disease: the spouse's perspective by stage of disease. Parkinson's Study Group. Movement disorders 
: official journal of the Movement Disorder Society. 1998 Jan 1,;13(1):20-8. 2. Whetten-Goldstein K, Sloan F, Kulas 
E, Cutson T, Schenkman M. The burden of Parkinson's disease on society, family, and the individual. J Am Geriatr 
Soc. 1997 July;45(7):844-9. 

644 
Relationship between Progressive Supranuclear Palsy and Caregiver Burden 
Y. Inuzuka, J. de Courcy, J. Pike, J. Mellor, E. Viscidi, A. Paradis, A. Harrington, Y. Zabar (Cambridge, MA, USA) 
Objective: To understand the relationship between progressive supranuclear palsy (PSP) disease progression and 
caregiver requirement and burden. 
Background: PSP is a rare neurodegenerative disease, and as it progresses, patients become dependent on 
caregivers for support. Caring for patients with a debilitating disease, such as PSP, could have a negative effect on 
the caregiver’s quality of life (QoL). 
Methods: Data from the Adelphi PSP Disease Specific Programme, a point-in-time study of neurologists, their PSP 
patients and non-professional caregivers in the USA, France, Germany, Italy, Spain and UK, were collected from 
July to November 2018.  Neurologists provided data on the type of caregiver (no caregiver, non-professional only, 
professional) and the weekly hours of care provided by the main caregiver. Caregiver reported data included the 
Parkinsonism Carers QoL (PQoL carer) scale, ranging from 0 (least QoL impact) to 100 (highest QoL impact). 
Ordered logistic, negative binomial, and fractional logistic regressions were used to model the association between 
reported time of symptom onset and the above outcomes. Odds ratios and incidence rate ratios were produced, 
contrasting unit increases in time of symptom onset from zero. Analyses were not adjusted for confounding factors. 
Results: 203 neurologists recorded data on 892 PSP patients, of whom 649 were community dwelling and had a 
recorded time of symptom onset. Of these patients, 76 caregivers completed a questionnaire. Physicians reported 
59% (386) of community dwelling patients required help with daily needs, 6% (23) of these patients’ caregivers 
stopped work to care for the patient and 19% (72) had to reduce their working hours. Regression analysis indicated 
significant associations between time, in years, from symptom onset and caregiver type, physician reported hours of 
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care, and the caregiver reported PQoL carer scale (Table 1). Analysis showed that for each year since onset of 
symptoms the odds of profession care increases by 47%, the weekly care hours increases by 29%, and the odds of 
worse caregiver reported QoL increases by 18%. (Table 1) [table1] 
Conclusions: As duration from symptom onset increases, PSP patients are more likely to require a professional 
caregiver. Caregivers spend more time caring for patients and reported lower quality of life. If PSP disease 
progression could be slowed, this would not only benefit the patients, but may also reduce caregiver burden. 

 

645 
Caregiver burden does not improve in the long-term after deep brain stimulation for Parkinson disease 
E. Jackowiak, A. Maher, C. Persad, P. Patil, K. Chou (Ann Arbor, MI, USA) 
Objective: To evaluate if subthalamic nucleus (STN) deep brain stimulation (DBS) for Parkinson disease (PD) 
impacts caregiver burden (CB) and to determine which patient factors contribute to CB in a DBS-treated cohort. 
Background: There is a high level of CB in PD, which can be associated with both motor and non-motor symptoms 
[1,2]. Although DBS is an effective treatment for motor symptoms of PD and improves quality of life, CB may not 
change [3]. Few longitudinal studies have evaluated CB after DBS and those available have been of small sample 
size and/or had follow up intervals less than 1-year [4-6]. It is possible that CB after DBS may initially worsen as 
stimulation settings are adjusted and then improve once stimulation is stabilized. More information is also needed on 
what factors, such as disease characteristics or neuropsychological performance, contribute to CB in PD patients 
treated with DBS. 
Methods: Data from 60 PD patients who underwent bilateral STN DBS and whose caregivers completed the 
caregiver burden inventory (CBI) pre-operatively and between 6 and 30 months after initial programming were 
analyzed. A subset of 34 patients had neuropsychological testing (NPT) at baseline and within 6 months of the 
follow-up CBI. Linear regression was used to assess which factors contributed to CBI within this subset. The 
relationship between change in CBI and change in patient symptoms was assessed via chi-square tests. 
Results: CBI did not improve following DBS. In the NPT subset, change in CBI was associated with change in non-
motor aspects of daily living (MDS-UPDRS I, p=0.02) but not with motor assessments. Caregiver rating of patient’s 
dysexecutive behavior before PD onset along with two neuropsychological measures of executive function 
significantly predicted baseline CBI, accounting for 50.6% of the variance (R2=.51, F(3,24)=8.20, p=0.001). 
Baseline CBI was not associated with patient age, gender, or motor dysfunction. 
Conclusions: CB does not improve over the long-term (up to 30 months) after bilateral STN DBS for PD. CB in PD 
is associated with executive dysfunction, not motor impairment, which may explain why CB does not improve with 
DBS. 
References: 1. Oguh O, Kwasny M, Carter J, Stell B, Simuni T. Caregiver strain in Parkinson’s disease: National 
Parkinson Foundation Quality Initiative Study. Parkinsonism & Related Disorders 2013; 19: 975-979. 2. Martinez-

This article is protected by copyright. All rights reserved.



Martin P, Rodriguez-Blazquez C, João Forjaz M, et al. Neuropsychiatric symptoms and caregiver's burden in 
Parkinson's disease. Parkinsonism & Related Disorders 2015; 21: 629-634. 3. Oyama G, Okun MS, Schmidt P, et al. 
Deep brain stimulation may improve quality of life in people with Parkinson’s disease without affecting caregiver 
burden. Neuromodulation: Technology at the Neural Interface 2014; 17: 126-132. 4. Soileau MJ, Persad C, Taylor J, 
Patil PG, Chou KL. Caregiver burden in patients with Parkinson disease undergoing deep brain stimulation: an 
exploratory analysis. Journal of Parkinson’s Disease 2014; 4: 517-521. 5. Soulas T, Sultan S, Gurruchaga J-M, Palfi 
S, Fénelon F. Changes in quality of life, burden and mood among spouses of Parkinson’s disease patients receiving 
neurostimulation. Parkinsonism & Related Disorders 2012; 18: 602-605. 6. Mosley PE, Breakspear M, Coyne T, 
Silburn PA, Smith D. Caregiver burden and caregiver appraisal of psychiatric symptoms are not modulated by 
subthalamic deep brain stimulation for Parkinson's disease. npj Parkinson Dis 2018; 4:12. 

646 
Share the Care: Supporting Parkinson’s Disease Caregivers Through Peer Mentoring 
J. Lee, E. Wallace, C. Niemet, S. Hess, B. Ouyang, J. Wilkinson, D. Hall, J. Chodosh, J. Fleisher (Chicago, IL, USA) 
Objective: To describe the design and implementation of a novel caregiver peer mentoring program for caregivers 
of patients with advanced PD. 
Background: As PD progresses, patients may become homebound and require intensive caregiving at home to 
avoid institutionalization.  Caregivers shoulder a heavy emotional, physical, and financial burden, and escalating 
caregiver strain increases institutionalization risk. Institutionalized PD patients have excessive morbidity and 
mortality rates. As the advanced PD population continues to grow, mitigating caregiver burden is imperative. 
Preliminary studies in Alzheimer’s Disease suggest that pairing current caregivers with an experienced, past 
caregiver “peer mentor” may improve caregiver strain and confidence. Peer mentoring programs have not been 
studied among PD caregivers. 
Methods: Share the Care is part of IN-HOME PD/K23NS097615, investigating the impact of quarterly 
interdisciplinary hybrid in-home/telehealth visits to homebound patients with advanced PD. Mentees are part of a 
caregiver-patient dyad enrolled in IN-HOME PD. Share the Care mentors are volunteers that either have or are 
currently caring for a loved one with advanced PD or a related disorder. Mentees and mentors agree to weekly in-
person, telephone, or videoconference meetings over a 4-month period. Mentors receive in-person training including 
review of a structured curriculum of weekly topics. Primary outcomes include mentor and mentee anxiety and 
depression; secondary outcomes include mentee caregiver strain and self-efficacy alongside time spent, topics 
covered, and mentee satisfaction. 
Results: The program is currently underway, with 34 mentors trained and 19 out of 60 planned mentor-mentee pairs 
currently active or recently completed. Mentoring curriculum, implementation, and interim data analysis will be 
presented. 
Conclusions: The findings will contribute to the dearth of knowledge regarding efficacious and cost-effective 
approaches to improving caregiver strain among people with advanced PD. 

647 
The Impact of Progressive Supranuclear Palsy (PSP) Disease Severity on Caregivers 
T. Xie, X. Ye, J. De Courcy, K. Golden, Y. Bao, J. Zamudio, L. Chiodo, J. Morgan (Chicago, IL, USA) 
Objective: To quantify the impact of varying severity levels on caregivers’ burden and health-related quality of life 
(HRQoL). 
Background: PSP is a progressive disease. Patients often require a caregiver, usually a family member or a friend, 
to help them with activities of daily living. Caring for a loved one with PSP has potential impact on HRQoLof the 
caregiver. 
Methods: Data were drawn from the Adelphi PSP Disease Specific Programme, a cross sectional study of 
neurologists and their PSP patients in the USA, France, Germany, Italy, Spain & UK. Data were collected from July 
to November 2018. PSP severity was reported by neurologists. Data were also collected from primary caregivers 

This article is protected by copyright. All rights reserved.



accompanying the patients to their consultations, including their experience caring for the patient and its impact on 
their life. HRQoL was reported via The Parkinsonism Carers QoL (PQoL carer) scale. The score ranges from 0 to 
100, with higher scores indicating lower HRQoL. 
Results: The study included 203 neurologists completing records on 744 community-dwelling PSP patients. 81 
caregivers for these patients completed the caregiver form.  Neurologists reported each patient’s severity, with 30% 
(225) considered mild, 51% (378) moderate and 19% (141) severe. As severity increased, patients had an increased 
need for care, with 27% (61) of mild, 67% (252) of moderate and 87% (122) of severe patients having a caregiver. 
Hours spent by caregivers, on average, were 34.6, 44.1 and 75.7 per week for mild, moderate and severe patients, 
respectively. 
 
Of the 81 caregivers who completed the form, 12% (10) were caring for mild, 60% (49) for moderate and 27% (22) 
for severe patients. None of the caregivers for mild patients had stopped or reduced their working hours to provide 
care. However, 16% (8) of moderate and 23% (5) of severe patients had. Caregiver QoL declined as severity 
increased, as shown by PQoL scores of 26.7, 37.5 and 54.4 for mild, moderate and severe patients, respectively. 
Conclusions: As PSP severity increases, patients are more likely to need a caregiver and those caregivers are likely 
to spend more of their time caring for the patients. This impacts caregivers’ ability to work as well as their overall 
quality of life. 

Physical and Occupational Therapy 
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Withdrawn 

650 
Motor Training Based on Video Games Reduces Freezing of Gait Regardless of Games Combination: A 
Parallel, Prospective, Double-Blind, Randomized Clinical Trial 
P. Barbosa, A. Lopes, A. Falconi, M. d’Alencar, M. Piemonte (Sao Paulo, Brazil) 
Objective: To compare the effect of motor training based on two distinct game’s combination on FOG in PPD. 
Background: Freezing of gait (FOG) is a disabling phenomenon in Parkinson's disease (PD) and related disorders. 
Video games have been used as a rehabilitation tool in people with PD (PPD). Although, crucial points, as the 
influence of the game’s selection on therapeutic results, remains without responses. Considering that therapeutic 
results depend on the training demands and FOG has been associated with gait and/or balance disturbances, it´s 
plausible to suppose distinct game's combination focused on this abilities can interfere in the improve of FOG 
severity. 
Methods: A double-blind randomized clinical trial was conducted in 64 PPD, mean age of 63,78; on stages 1,5 
according to Hoehn and Yahr Classification, following adequate inclusion criteria. PPD were blinded and randomly 
allocated in: Dynamic Walk Group (DWG) or Dynamic Balance group(DBG). Using the X-Box Kinect system®, 
the DWG performed 4 games with greater demand for gait while DBG performed 4 games with greater demand for 
balance. All participants performed 8 individual session (twice a week) under supervision of a physiotherapist. As 
primary outcomes, it were adopted the freezing severity using the FOG Questionnarie (FOG-Q) and gait stability in 
complex environment using the Balance Evaluation Systems Test (BESTest). As secondary outcome, it was 
considered the gait in long distance measure using the Six-minute Walk Test (6MWT). All outcomes were applied at 
baseline (BT), 1-week (FU7d) and 2-month follow-up (FU60d) by a blinded examiner. 
Results: The general model for repeated measure ANOVA showed a significant effect of assessment points on 
FOG-Q scores (F=21,927;p=0,000;ES=0,999), BESTest-Section 6 scores  (F=9,154;p=0,000;ES=0,972) and walked 
distance in 6MWT (F=16,613;p=0,000;ES=0,999) at FU7d in both groups. The Tukey post-hoc test confirmed that 
was a significant improvement for all measures at FU7d that was remained at FU60d. 
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Conclusions: Training based on videogames focusing on gait or balance are able to improve the FOG severity 
perception and the gait performance under complex conditions and long distance in people with PD. Considering the 
negative impact of FOG on the functionality and the low cost of this approach, it should be considered as a 
therapeutic option for FOG treatment. 

651 
Immediate Effects of Non-Motorized Treadmill Training for One Session on Gait and Fall Risk In 
Parkinson's Disease 
A. Boddy, K. Mitchell, W. Brewer, J. Ellison (St. Augustine, FL, USA) 
Objective: Assess the effects of non-motorized treadmill training for one session on gait parameters and fall risk in 
individuals with Parkinson’s disease. 
Background: Parkinson’s disease (PD) is a complex disorder characterized by non-motor and motor 
impairments.  Within the motor-impairments, mobility deficits resulting from gait abnormalities and postural 
instability are some of the challenging characteristics that are associated with PD.  Without physical activity, those 
with PD are at risk for decline in function.  Motorized treadmill (MT) training is the most frequently used exercise 
modality in those with PD, as it is comparable to daily ambulation. Recently, non-motorized treadmill (NMT) 
training has become a point of interest among clinicians attempting to increase intensity while treadmill training. 
Methods: 16 participants diagnosed with PD H&Y (I-III) mean age 73.3 ± 4.8 completed two treadmill training 
sessions.  Beginning with two-minutes at self-selected (SS) gait speed, followed by six-minutes of intense treadmill 
training at 110% of SS up to fastest comfortable (FC) gait speed, and ended with two-minutes at SS totaling 10-
minutes. The Zeno electronic walkway measured gait parameters while fall risk was assessed using the Modified 
Four Step Square Test (mFSST) and the Timed Up and Go (TUG) at pre-test, immediate posttest, and 20-minute 
follow-up.  Perceived exertion was measured using the Borg Rate of Perceived Exertion (Borg). 
Results: NMT met the minimal clinically important difference (MCID) of 0.06 m/s for SS (0.12m/s) and FC (0.06 
m/s) while MT met MCID for FC gait speed (0.11 m/s). A moderate effect size (0.45) was found following NMT for 
SS gait speed. The interaction between time and treadmill on mFSST was not significantly different (p = 0.47). 
Interestingly, following the 6-minutes of intense training, Borg ratings peaked at 14.06 "hard" following MT and 
16.13 "very hard" following NMT which remained elevated at 15.87 upon completion of training. 
Conclusions: The effects of one session of NMT and MT training did result in perceived meaningful improvements 
in SS and FC gait speed, however these improvements were not statistically significant. This study found a 
significant difference between treadmills when assessing intensity during treadmill sessions. This study supports the 
feasibility of intense treadmill training using NMT for individuals with PD. 
References: Umphred DA. Umphred's neurological rehabilitation. 6th ed. St. Louis, Mo: Elsevier, Mosby; 2013. 
O'Sullivan S, Schmitz T, Fulk G. Physical rehabilitation. 6th ed. Philadelphia: F. A. Davis Company; 2013. Drake 
DF, Harkins S, Qutubuddin A. Pain in parkinson's disease: Pathology to treatment, medication to deep brain 
stimulation. NeuroRehabilitation. 2005;20(4):335. Macphee GJ, Stewart DA. Parkinson's disease – pathology, 
aetiology and diagnosis. Reviews in Clinical Gerontology. 2012;22(3):165-178. Kleim JA, Jones TA. Principles of 
experience-dependent neural plasticity: Implications for rehabilitation after brain damage. J Speech Lang Hear Res. 
2008;51(1):S239 Zoladz JA, Majerczak J, Zeligowska E, Mencel J, Jaskolski A, Manrusiak J. Moderate-intensity 
interval training increases serum brain-derived neurotrophic factor level and decreases inflammation in Parkinson’s 
disease patients. J Physiol Pharmacol 2014;65:441–448. 

652 
Reliability and Validity of Modified Four Square Step Test (mFSST) Performance in Individuals with 
Parkinson’s Disease. 
A. Boddy, K. Mitchell, W. Brewer, J. Ellison, L. Perry, C. Andrea (St. Augustine, FL, USA) 
Objective: Determine the reliability and validity of the modified Four Square Step Test in individuals with 
Parkinson’s disease. 
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Background: Parkinson’s disease (PD) is a complex disorder marked with non-motor and motor impairments, 
including gait abnormalities and postural instability. As a result of balance dysfunction and postural instability, falls 
and injuries are common composite symptoms of PD. The modified Four Square Step Test (mFSST) replaces the 
canes utilized in the traditional Four Square Step Test (FSST) with tape to evaluate dynamic standing balance while 
stepping in multiple directions. 
Methods: 27 participants diagnosed with PD on medication H&Y I-III mean age 73.07 ± 6.4 completed the FSST 
and mFSST. Participants performed both assessments two times for an average time for interrater reliability and 
concurrent validity.  To determine the test-retest reliability, participants performed the mFSST again 20-60 minutes 
following initial assessment. 
Results: The interrater and test-retest reliability was excellent (r = 0.916-0.999, ICC 2,2 = 0.96-0.99). The mFSST 
and FSST were highly correlated for concurrent validity (r = 0.805). 
Conclusions: The mFSST demonstrates excellent reliability and validity while assessing dynamic standing 
balance.  The mFSST can be completed by a large number of individuals diagnosed with PD while requiring little 
equipment, space, and time in multiple rehabilitation settings. 

653 
Classification of Neurorehabilitation treatments: Preliminary results of a Multicentre Italian Study 
T. Bowman, F. Mestanza Mattos, R. Russo, M. Boninsegna, F. Marazzini, A. Marianelli, E. Pelosin, M. Putzolu, C. 
Cosentino, M. Petrarca, F. Tirinelli, M. Tondinelli, F. Trecate, M. Budel, A. Turolla, M. Agostini, D. Munari, P. 
Pillastrini, M. Branchini, D. Lunedei, G. Sgubin, D. Cattaneo, S. Mezzarobba (Milano, Italy) 
Objective: To taxonomize the contents of neurorehabilitation programs and categorize goals and treatments 
provided to people with Parkinson Disease(PD) and Multiple Sclerosis(MS) to understand their impact on the 
outcomes. 
Background: Few researches investigated the importance of the components of a neurorehabilitation program on 
clinical outcome in everyday clinical practice[1,2]. Moreover, there is no standard method to categorize 
rehabilitative interventions, making difficult to explain why subjects improve and which of the various treatments is 
more effective. A multicentre network was formed to collect data using a taxonomy tool developed to provide 
information on the goals of rehabilitation and to categorize rehabilitation interventions. 
Methods: Subjects with PD and MS were evaluated pre and post intervention and a taxonomy tool was  completed 
by physiotherapists at the end of the rehabilitation program. To provide a broad overview, treatments were 
categorized as “Task oriented” or “Impairment oriented”. In addition, subjects who improved 20% or more on the 
Modified Barthel Index (MBI) were defined as responders. Frequency analysis was performed to understand 
prevalence of goals and treatments and logistic models were used to provide Odd Ratio(OR) with 95% CI to provide 
degree of association between treatment and outcome. 
Results: We report preliminary data of 54 subjects (18 PD, 36 MS) from 1 of the 11 centres involved in this project. 
1060 hours of physiotherapy were analysed. Gait was the main goal for both PD(54%) and MS(40.5%) followed by 
body transfers for PD(12%)  and upper limb function for MS(23.5%). Most frequent treatments were gait(27.6%) 
and balance(17.7%) training for PD, while robotic therapy(25.6%) and gait training (13.3%) were mostly used for 
MS. MBI results showed 28% of PD were responders compared with 10% of MS subjects OR=3.8(0.7-23.6;p=0.1). 
“Task oriented” treatment provided to 36% of PD and 19% of MS showed better results on the MBI, OR=17(12-
355;p = 0.002) compared with the “Impairment oriented” treatment. 
Conclusions: Gait was the main goal of rehabilitation for PD and MS and the most frequently provided treatments 
were gait training and robot therapy. Preliminary results showed that improvements in functional outcome were 
more likely in PD subjects and in those who received Task oriented treatment. 
References: 1)Dijkers MP, Hart T, Tsaousides T, Whyte J, Zanca JM. Treatment taxonomy for rehabilitation: past, 
present, and prospects. Arch Phys Med Rehabil. 2014 Jan; 95: S6-16. 2)Rasova K, Freeman J, Martinkova P, 
Pavlikova M, Cattaneo D, Jonsdottir J, Henze T, Baert I, Van Asch P, Santoyo C, Smedal T, Beiske AG, 
Stachowiak M, Kovalewski M, Nedeljkovic U, Bakalidou D, Guerreiro JM, Nilsagård Y, Dimitrova EN, Habek M, 
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Armutlu K, Donzé C, Ross E, Ilie AM, Martić A, Romberg A, Feys P. The organisation of physiotherapy for people 
with multiple sclerosis across Europe: a multicentre questionnaire survey. BMC Health Serv Res. 2016;16:552. 

654 
A Protocol to Test the Effects of TDCS on Consolidation of Writing Practice in Parkinson's Disease 
S. Broeder, T. Kramer, R. Meesen, G. Verheyden, J.J. Orban deXivry, A. Nieuwboer (Leuven, Belgium) 
Objective: To investigate effects of transcranial direct current stimulation (tDCS) concurrently applied with writing 
practice on consolidation of motor learning in Parkinson’s disease (PD) when ON and OFF medication. To examine 
the relationship between behavioral changes and cortical excitability. 
Background: Learning of a habitual motor skill, such as writing, involves re-engagement of previously established 
motor programs affected by PD. Several studies show that motor learning interacts with medication. In PD, motor 
learning benefits are prone to interference and loss of retention and transfer, signifying consolidation deficits. Most 
tDCS studies in PD address motor performance and not learning, have small sample sizes and rarely study the 
neurophysiological mechanisms underlying tDCS. Our recent pilot work on 10 patients shows that tDCS can 
enhance consolidation of writing training. 
Methods: We are performing a randomized double-blind study including 40 PD patients, based on a power 
calculation using effect sizes from our previous work. All participants receive training on a tablet combined with 20 
minutes of 1 mA anodal tDCS or sham over the left primary motor cortex. Writing is assessed during skill 
acquisition, pre- and post-training (T1) and after 24-hour retention (T2). The complete protocol is repeated (T3 and 
T4) in a different medication phase after a 2-month washout (Figure 1). Writing tests include: (i) trained and (ii) 
untrained sequences on a digitized tablet, (iii) writing on paper and (iv) writing during dual-tasking. Cortical 
excitability measured by a TMS protocol includes resting motor threshold (RMT), motor evoked potentials (MEP) 
and short-interval intracortical inhibition (SICI). The trial is registered as https://osf.io/gk5q8/. 
Results: So far, 20 patients were recruited. All participants are right-handed with a mean age of 64.3 ± 8.5 years in 
Hoehn and Yahr stage 2.2 ± 0.6 and report to have writing problems. For 13 patients, the right side of the body is the 
most-affected side. Due to an adverse event after stimulation, 1 patient was excluded. 
Conclusions: This study will make a forefront contribution to our knowledge on how tDCS, ON and OFF 
medication, may modify motor learning and cortical excitability. Together, these insights will determine the surplus 
value of incorporating non-invasive brain stimulation to boost the robustness of writing training in PD. 

This article is protected by copyright. All rights reserved.



 

655 
Evaluating Implementation of an Evidence-based Physical and Occupational Therapy (LSVT BIG®) for 
Parkinson's Disease: Germany, France and Japan 
C. Fox, L. Guse, L. Ramig (Tucson, AZ, USA) 
Objective: To evaluate implementation of LSVT BIG across diverse health care systems, languages, and culture in 
Germany, France and Japan. 
Background: The goal of implementation science is translation of evidence into clinical practice to impact patient 
care. Implementation research examines how best to achieve this goal across diverse global settings (e.g., health 
systems, cultures) [1]. Lee Silverman Voice Treatment (LSVT BIG®), a physical/occupational therapy developed in 
the USA, improves mobility and activities of daily living in people with Parkinson disease (PD). Published studies 
in the USA, Germany, Switzerland and Japan [2, 3, 4, 5] support the short-term efficacy of LSVT BIG for people 
with PD. LSVT BIG provides a standardized framework for treatment and globally standardized training for 
therapists to support treatment fidelity. 
Methods: From 2011 - 2018, LSVT BIG Courses were held in Germany (25), France (3) and Japan (7) resulting in 
more than 790, 142, and 565 LSVT BIG Certified clinicians, respectively. A translated online survey was given to 
these clinicians to assess implementation of LSVT BIG from the perception of practicing therapists. 
Results: Results revealed 94% of German, 93% of French and 73% of Japanese respondents felt they had received 
effective training in LSVT BIG. Since becoming certified 96% of German, 83% of French and 70% of Japanese 
respondents have implemented LSVT BIG in their practice. Of those, 93% of German, 90% of French and 36% of 
Japanese felt confident in their delivery of treatment, and 84%, 77% and 52% respectively felt they were achieving 
better outcomes with LSVT BIG.  
Common challenges to implementation across countries were: 1) inadequate funding for intensive therapy 2) 
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scheduling difficulties and 3) patients unable to commit to the required dosage.  A unique challenge for Japanese 
clinicians was how to deal with patient co-morbidities. 
Conclusions: LSVT BIG is being successfully implemented by many therapists in these countries; however, there 
remain challenges.  Understanding barriers may facilitate solutions, such as local advocacy, patient/physician 
education, and access to LSVT resources for certified clinicians. This knowledge may improve adoption and fidelity 
of evidence-based rehabilitation interventions around the world for people with PD.  These data will be presented at 
the WPC in Kyoto, Japan, June 4-7, 2019. 
References: [1] Peters DH, Adam T, Alonge O, Agyepong IA, Tran N., (2013). Implementation research: what it is 
and how to do it. BMJ; 347 doi: https://doi.org/10.1136/bmj.f6753 [2] Farley, B.G., & Koshland, G.F. (2005). 
Training BIG to move faster: the application of the speed-amplitude relation as a rehabilitation strategy for people 
with Parkinson's disease. Experimental Brain Research, 167(3), 462-7. [3] Ebersbach, G., Ebersbach, A., Edler, D., 
Kaufhold, O., Kusch, M., Kupsch, A., & Wissel, J. (2010). Comparing exercise in Parkinson's disease--the Berlin 
LSVT® BIG study. Movement Disorders, 25(12), 1902-8. [4] Janssens J, Malfroid K, Nyffeler T, Bohlhalter S, 
Vanbellingen T. (2014). Application of LSVT BIG intervention to address gait, balance, bed mobility, and dexterity 
in people with Parkinson disease: a case series. Physical Therapy, 94(7), 1014-23. [5] Ueno, T., Sasaki, M., 
Nishijima, H., Funamizu, Y., Kon, T., Haga, R., Arai, A., Suzuki, C., Nunomura, J, Baba, M, Tomiyama, M. (2017). 
LSVT_BIG Improves UPDRS III Scores at 4 Weeks in Parkinson’s Disease Patients with Wearing Off: A 
Prospective, Open-Label Study. Parkinson’s Disease, Epub Feb 1. 

656 
Four-Week Trunk-Specific Exercise Program decreases Forward Trunk Flexion in Parkinson’s disease: a 
single- blinded, randomized controlled trial 
M. Gandolfi, M. Tinazzi, F. Magrinelli, G. Buselli, E. Dimitrova, N. Polo, P. Manganotti, A. Fasano, N. Smania, C. 
Geroin (Verona, Italy) 
Objective: The primary aim was to compare the effects of a four-week trunk-specific rehabilitation program on the 
severity of the forward trunk flexion. The secondary aim was to compare the training effects on the motor 
impairments, dynamic and static balance, pain, falls, and quality of life. 
Background: Pathological forward trunk flexion is a disabling and drug-refractory motor complication of 
Parkinson's disease (PD) leading to imbalance, pain, and fall-related injuries [1]. Since it might be reversible [1,2], 
the early and multidisciplinary management is emphasised [3]. 
Methods: 37 patients with PD (H&Y£4) and forward trunk flexion were randomised in the experimental (n=19) or 
control group (n=18). The former consisted of active self-correction exercises with visual and proprioceptive 
feedback, passive and active trunk stabilization exercises and functional tasks. The latter consisted of joint 
mobilization, muscle strengthening and stretching, gait and balance exercises. Protocols lasted 4 weeks (60 min/day, 
5 day/week). Before, after, and at 1-month follow-up, a blinded examiner evaluated patients using primary and 
secondary outcomes. The primary outcome was the forward trunk flexion severity (degree).Secondary outcomes 
were the MDS-UPDRS III, dynamic and static balance, pain, falls, and quality of life assessment. 
Results: Significant time per group interaction was measured for the forward trunk flexion severity (p<0.001), 
dynamic (p=0.03) and static balance (p=0.01) in favour of the experimental training. Comparable effects were 
reported on the other outcomes. Pre-treatment forward trunk flexion values were highly correlated to post-treatment 
trunk deviation changes. 
Conclusions: The four-week trunk-specific rehabilitation training decreased the forward trunk flexion severity and 
increased postural control in patients with PD. 
References: [1] K.M. Doherty, B.Pp van de Warrenburg, M.C. Peralta, L. Silveira-Moriyama, J.P. Azulay, O.S. 
Gershanik, B.R. Bloem. Postural deformities in Parkinson's disease. Lancet Neurol. 10 (2011) 538-49. [2] M. 
Bartolo, M. Serrao, C. Tassorelli, R. Don, A. Ranavolo, F Draicchio, C. Pacchetti, S. Buscone, A. Perrotta, A. 
Furnari, P. Bramanti, L. Padua, F. Pierelli, G. Sandrini. Four-week trunk-specific rehabilitation treatment improves 
lateral trunk flexion in Parkinson's disease. Mov Disord. 25 (2010) 325-31. [3] N. Smania, A. Picelli, S. Negrini, M. 
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Romano. Neurophysiological basis of rehabilitation of adolescent idiopathic scoliosis. Disability and Rehabilitation, 
30(10) (2008) 763 – 771. 

657 
Repetitive transcranial magnetic stimulation does not improve the sequence effect in freezing of gait 
L. Gao, T. Mi, T. Wu, P. Chan (Beijing, China) 
Objective: To investigate the effect of repetitive transcranial magnetic stimulation (rTMS) on the sequence effect 
(SE) in Parkinson’s disease (PD) patients with freezing of gait (FOG). 
Background: FOG, which is characterized by brief episodes of inability to step or by extremely short steps that 
typically occur on initiating gait or on turning while walking, is a disabling and common symptom in PD. The 
mechanisms underlying FOG are poorly understood. One possibility is that the decreased amplitudes might further 
destabilize normal gaits, and induce a vicious circle of progressively shorter step length, resulting in FOG. This 
progressive decrease in amplitude of sequential movements is called the SE. If the SE should be alleviated, the FOG 
might be improved. It has been demonstrated that levodopa has no impact on the SE. Repetitive transcranial 
magnetic stimulation (rTMS) is a noninvasive method to stimulate the human brain, and high-frequency facilitatory 
rTMS has been shown improving motor symptoms in PD patients. Though a previous study found that rTMS has no 
effect on the SE of hand movement, we are wondering whether rTMS could alleviate the SE in FOG. 
Methods: 28 PD patients with FOG received either real or sham 10-Hz rTMS over the supplementary motor area 
(SMA). The effects of rTMS on the SE, FOG and some gait parameters were evaluated in the “on” state, including 
MDS-UPDRS, FOGQ and NFOGQ. To measure the spatial and temporal gait parameters, an electronic walkway 
GAITRite was employed. Linear regression was used to determine the slope of each regression curve of walking. 
The averaged regression slope (b) for the 3 walk trails was used to represent the SE in each participant. Mixed effect 
model repeated measures were used estimate the effect of rTMS. 
Results: Analysis of b values did not show significant group*visit interaction. Both real and sham rTMS had no 
effect on the SE [figure1]. Real rTMS had beneficial effects on FOG and some gait parameters, and this effect lasted 
for at least four weeks [figure2]. 
Conclusions: High-frequency rTMS over the SMA cannot alleviate the SE in PD patients with FOG. RTMS has a 
long-lasting beneficial effect on FOG, this effect is not achieved by alleviating the SE, but may be by improving 
other gait performances. 
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658 
Effect of Rehabilitation on Freezing of Gait in Parkinson’s disease: A meta-analysis 
M. Gilat, P. Ginis, N. D'Cruz, A. Nieuwboer (Leuven, Belgium) 
Objective: To summarize the effect of rehabilitation-based interventions on freezing of gait (FOG) in Parkinson’s 
disease (PD). 
Background: Rehabilitation is emerging as an important adjunct therapy for FOG in PD. Patients are trained to 
reduce FOG itself or improve its related gait and balance functions to enhance mobility. This meta-analysis 
investigates the evidence for the overall beneficial effects of rehabilitation for reducing FOG in PD. 
Methods: PubMed, MEDLINE, EMBASE, Web of Science and Google Scholar electronic databases were 
systematically searched on Dec 13th 2018 for studies assessing the effect of any training-based intervention of at 
least 2 days on FOG severity in PD (either as the primary or secondary outcome), as compared to an active (e.g. 
sham exercise) or passive (e.g. wait-list) control. Pharmacological, surgical and non-invasive brain stimulation 
studies were excluded. The titles and abstracts were screened and meta-data extracted by two independent assessors. 
An inverse variance random-effects meta-analysis was then performed in RevMan (v5.3). For this preliminary 
analysis only studies that reported Freezing of Gait Questionnaire (FOGQ) data as an outcome were analyzed. A 
second meta-analysis was conducted across a sub-set of studies that compared the intervention effects to a passive 
control (i.e. wait-list or usual care). 
Results: Out of 1661 non-duplicate hits, 35 studies were included for review and 23 studies reporting usable FOGQ 
data were included in the preliminary meta-analysis, of which 4 reported the new-FOGQ. Overall, a significant 
effect of 0.51 was found favoring the experimental rehabilitation (n=493) over the control condition (n=482) 
(Z=4.07, p<0.01), although large heterogeneity existed between studies (I^2=65%). Importantly, a positive effect of 
0.40 was also found in the second meta-analysis on 13 studies comparing the experimental rehabilitation (n=310) to 
a passive control condition (n=299; Z=4.06, p<0.01), with little heterogeneity across study effects (I^2=24%). 
Conclusions: Our preliminary results indicate a favorable effect for rehabilitation in reducing subjective FOG 
severity. A detailed risk- and publication bias assessment will be performed next, warranting careful interpretation 
of the present results. The effects of rehabilitation on objective FOG outcomes will also be analyzed. 
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659 
Parkinson´s Disease, respiratory capacity and functionality: a Physical Therapy perspective 
V. ISRAEL, B. YAMAGUCHI, A. SILVA, D. IUCKSCH, J. SIEGA (CURITIBA, Brazil) 
Objective: To correlate respiratory capacity with physical function in elderly patients with Parkinson's disease (PD). 
Background: As occurs in other neurodegenerative diseases, it is necessary to know the process of impairment on 
respiratory function and functionality in PD (1). Ventilatory problems are directly associated with reduced levels of 
physical activity and exercise, generating a cycle of negative outcomes (2). 
Methods: A cross-sectional study with individuals participating in an association for people with PD in the city of 
Curitiba-PR - Brazil. Inclusion criteria: people and both sexes, with more than 60 years and diagnosis of PD. 
Exclusion: any pulmonary or cardiac diagnosis. The variables were the 6-minute walk test measured in meters and 
average speed, International Physical Activity Questionnaire (IPAQ) and derived from spirometry: forced vital 
capacity (FVC); Forced expiratory volume in 1 second (FEV1) and Maximum voluntary ventilation (VVM) in a 
percentage of expected. In addition, the Hoehn and Yahr (HY) scale was evaluated. Spearman's correlation was 
used. 
Results: The descriptive data are presented in Table 1. We evaluated 36 participants, following the inclusion and 
exclusion criteria. We observed an inversely correlation between TC6 distance and HY, TC6 velocity and HY, age 
and VCF, age and FEV1, age and TC6 distance, age and TC6 velocity, and directly proportional between IPAQ and 
TC6 distance and velocity. The correlation coefficients can be observed in Table 2. 
Conclusions: Activity and performance were related, as well as age and severity of the disease by HY. These 
findings demonstrate that interventions that associate performance and physical functionality, including pulmonary 
function, can bring benefits to people with PD, especially older and more advanced stages. 
References: 1- WANG, Z.; GUO, Y.; MYERS, K. G.; HEINTZ, R.; HOLSCHNEIDER, D. P. Recruitment of the 
prefrontal cortex and cerebellum in Parkinsonian rats following skilled aerobic exercise. Neurobiol Dis. v. 77, p. 71-
87, May, 2015. 2- THOMÉ, J. S.; OLMEDO, L.; SANTOS, F. M.; MAGNANI, K. L.; MÜLLER, P. T., 
CHRISTOFOLETTI, G. Pacientes com doença de Parkinson sob assistência fisioterapêutica apresentam parâmetros 
pulmonares melhores do que controles sedentários. Fisioter. pesqui. v. 23, n.1, p.30-37, jan.-mar. 2016. 
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660 
Evaluation and Intervention of Aquatic Physiotherapy in People with Parkinson's Disease: Repercussions on 
Balance 
V. ISRAEL, D. IUCKSCH, J. SIEGA, A. SILVA, B. YAMAGUCHI, M. FERREIRA (Curitiba, Brazil) 
Objective: To analyze the effects of aquatic physiotherapy (AF) on the static and dynamic body balance of patients 
with Parkinson's disease (PD). 
Background: PD changes the body mass center and the support base, causing difficulties of body balance. Thus, 
person with PD presents difficulties in the activities of daily living and in the transfer of body weight, compromising 
their independence. As a way to minimize these impairments, AF has been highlighted in the improvement of this 
condition (1,2,3). 
Methods: A quasi-experimental, controlled, randomized study by convenience performed with people of both sexes, 
with a diagnosis of PD with independent gait and preserved cognitive status. The participants performed the 
evaluation, before and after aquatic intervention, by the Berg Balance Scale (BBS) scale.  The FA program was 
based on the phases of Israel (2000) (4) and progressed step by step in the levels of complexity of motor skills. It 
consisted of gait training, muscular strength exercises, balance training and relaxation. A total of 24 AF 
interventions were added, twice a week, 40 minutes each, for 3 months. Statistical analyzes of normality was 
performed using the Shapiro-Wilk test and nonparametric data were verified through Wilcoxon test. 
Results: Sample composed of 11 participants (7 men and 4 women), average age 70,4 years old (±11,19) and 
classified in stages 2 to 3 of the Hoehn & Yahr Scale. The mean value of the pre intervention BBS was 48.18 
(±1.85) and post - intervention was 52.36 (±0.91), with a statistically significant difference (p=0.021). 
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Conclusions: The proposed intervention was able to significantly modify the balance in the studied sample. The 
physical exercise proposed by AF associated with the physical and thermal properties of the water may favor 
training and balance reactions in people with PD. In addition, because the BBS was measured at land environment, it 
can be inferred that there was a positive transfer of the motor ability from the aquatic to the terrestrial environment. 
References: 1- VOLPE, D.; GIANTIN, M.G.; MAESTRI, R.; FRAZZITTA, G. Comparing the effects of 
hydrotherapy and land-based therapy on balance in patients with Parkinson’s disease: a randomized controlled pilot 
study. Clin Rehabil. 28(12):1210-7, Dec, 2014. 2 - VIVAS, J.; ARIAS, P.; CUDEIRO, J. Aquatic therapy versus 
conventional land-based therapy for Parkinson’s disease: an open-label pilot study. Arch Phys Med Rehabil . 
92:1202-10, 2011. 3 - PINTO, C.; SALAZAR, A.P.; MARCHESE, R.R.; STEIN C.; PAGNUSSAT, A.S. Is 
hydrotherapy effective to improve balance, functional mobility, motor status, and quality of life in subjects with 
Parkinson’s disease? A systematic review and meta-analysis. PMR. pii: S1934-1482(18)30931-6, Sep 25, 2018. 4 - 
ISRAEL, V.L.; PARDO, M.B.L. Hydrotherapy: proposal for a program of instruction in working with spinal cord 
injured in thermal pool. Fisioter Mov 13: 111–127, 2000 (in Portuguese). 

661 
Pulmonary function in patients with Parkinson's disease 
V. ISRAEL, B. YAMAGUCHI, M. FERREIRA, S. VALDERRAMAS (Curitiba, Brazil) 
Objective: Analyse the pulmonary function in patients with PD. 
Background: Respiratory disorders are the most common causes of death in people with Parkinson's disease 
(PD)(1,2). However, the relationship of PD with respiratory limitations is poorly discussed, with little clinical 
attention (3), even though the inverse relationship between disease severity (morbidity) and respiratory quality is 
remarkable (4). 
Methods: This was a cross-sectional study, approved by the Human Research Ethics Committee of the Federal 
University of Parana, under the number of 2.200.372, CAAE 66781417.4.0000.0102. Participants were invited to 
participate in an evaluation of lung function. Inclusion criteria: individuals with a diagnosis of idiopathic PD of both 
sexes,over 60 years of age, stage I to III of the disease, according to the Hoehn and Yahr scale. Exclusion criteria: 
smokers (consumption of at least 1 cigarette per week for 6 months), and who had cognitive deficits that impeded 
the performance of spirometry, as well as associated cardiorespiratory diseases such as asthma, chronic obstructive 
pulmonary disease (COPD), cystic fibrosis, and heart failure, among others. After inclusion in the study and 
collection of demographic, anthropometric and clinical data, participants were submitted to pulmonary function 
evaluation (spirometry) and recorded the following parameters: Forced vital capacity (FVC); Forced expiratory 
volume in the first second of the FVC (FEV1); FEV1 / FVC ratio and Maximum voluntary ventilation (VVM). All 
participants were assessed at the "on" phase of the medication by a previously trained physiotherapist. 
Results: Participants were 46 individuals, mostly elderly people and males with severity between H & Y II and III 
(Table 1). Regarding lung function, 14 participants (30.43%) had reduced CVF, 10 (21.74%) presented less than 
80% of FEV1 and 7 (15%) had MVV disorder (> 80% of expected), totaling 4 (6.25%) participants with restrictive, 
5 (7.8%) with mixed ventilatory disorder  and 7 (15%) with reduced ventilatory reserve (Table 2). 
Conclusions: In PD there is evidence of respiratory alterations more pronounced than those found in typical aging2, 
and these are not responsive to the use of the drug3. However, such pulmonary changes may have a good adaptive 
response to exercise. Physiotherapy can act in the detection, prevention and rehabilitation of ventilatory parameters 
in PD, being able to reduce morbidity and mortality for this population1. 
References: 1- BAILLE, G.; JESUS, A. M.; PEREZ, T.; DEVOS, D.; DUJARDINA, K.; CHARLEY, C. M.; 
DEFEBVRE, L.; MOREAU, C. Ventilatory Dysfunction in Parkinson’s Disease. Journal of Parkinson’s Disease. n. 
6, p. 463–471, 2016. 2- FORSYTH, D.; TORSNEY, K. M. Respiratory dysfunction in Parkinson's disease. J R Coll 
Physicians Edinb. v. 47, n.1, p.35-39, 2017. 3 - SECCOMBE, L. M.; GIDDINGS, H. L.; ROGERS, P. G.; 
CORBETT, A. J.; HAYES, M. W.; PETERS, M. J.; VEITCH, E. M. Abnormal ventilatory control in Parkinson's 
disease - further evidence for non-motor dysfunction. Respir Physiol Neurobiol. v. 15, n. 179, p. 300-4, dec., 2011. 4 
- WANG Y.; SHAO, W. B.; GAO, L.; LU, J.; GU, H. et al. Abnormal Pulmonary Function and Respiratory Muscle 
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Strength Findings in Chinese Patients with Parkinson’s Disease and Multiple System Atrophy–Comparison with 
Normal Elderly. PLoS ONE. v.9, n.12, p.e11612, 2014. 
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662 
Complex Training of Balance in Parkinson's Disease 
A. Istomina, I.r. Milyukhina (Saint-Petersburg, Russian Federation) 
Objective: To study the effect of biofeedback (BFB) and balance training in patients with Parkinson disease (PD). 
Background: Gait and balance disorders, characterized by freezing of gait and postural instability, represent a major 
therapeutic challenge in PD [1]. Stabilometry with BFB is used for diagnosis and rehabilitation of postural disorders. 
Equilibrium simulators have in their structure a pedoscan and a computer complex that converts information about 
the displacements of the common center of mass (GCM) into visual signals on the monitor screen. 
Methods: 30 patients, average age: 68 ± 4.6 years, 1.5 - 3.5 stage on Hoehn and Yahr scale of balance disorders, 
who are provided with regular antiparkinsonian therapy and have no acute pain. All attended 10 sessions of training, 
2 times a week, 10 patients repeated the course again after 5 months. 1 hour of training included a session on a BFB-
platform (DIERS, Germany) and a set of balance exercises. Every day all the participants performed special 
exercises by themselves at home. Before and after the course, patients were interviewed: UPDRS, Berg balance 
scale (BBS), ABC—scale, Tinneti, EQ-5D-5L, Schwabe-Ingland scale, PDQ-39 and stabilometry, statistic analysis 
using Microsoft Excel and variations of parametric statistical methods. 
Results: After 10 sessions, all the patients showed an improvement in the quality of life by 15% on the Schwab-
Ingland scale, a decrease in the PDQ-39 scale (p = 0.0005) and an improvement in the physical and mental health 
components on the SF-36 scale = 0.0005), as well as an improvement in walking and in balance on the Tinneti scale 
(p≤0.005) and a significant reduction in the risk of falls on the BBS (p≤0.008). Stabilometry analysis showed 7 mm 
expansion of the amplitude of the center of gravity (CG); alignment of fluctuations in the right and left CG in all 
planes regardless of the lateralization of symptoms. 
Conclusions: A course of 10 sessions shows its effectiveness in reducing the risk of falls, improving balance control 
in the main vertical pose and when the CG shifts. Patients who underwent the second course had higher rates on the 
Tinneti and BB scales at the end of the course and subjectively noted confidence in walking and maintaining 
balance. 
References: 1. David Grabli at al. Normal and pathological gait: what we learn from Parkinson’s disease. J Neurol 
Neurosurg Psychiatry. 2012; 83 (10):10.1136/jnnp-2012-302263. 

663 
Efficacy of Motor Imagery Questionnaire-RS as a Diagnostic Tool in Rehabilitation of Movement Disorders 
D. Kaur, N. Bhardwaj, S. Kumari, S. Kumari, A. Gupta, G. Kumar (Patna, India) 
Objective: The present study attempts to establish the normative reference value for motor imagery and compare it 
with patients with movement disorders. 
Background: Motor imagery, a subset of mental practice, emphasizes mental rehearsal of motor skills to improve 
function. The use of motor imagery and observation for enhancing performance through mental practice is gaining 
wide importance in neurological rehabilitation sector. Mental imagery, when combined with physical therapy, has 
been demonstrated to improve motor performance in individuals. The ability to perform motor imagery varies across 
people, and this capability would have a major effect on the effectiveness of motor imagery training. Hence, a valid 
reference range needs to be established before this test can be used over various categories of patients. The MIQRS 
was designed to be administered in such a way that the task to be imagined is read to the volunteer word-forword 
from a script and the volunteer (not the evaluator) records their score on a visual analog scale. 
Methods: 100 young college students  and 6 patients with essential tremors were selected by convenient sampling to 
participate in this study. They were administered MID-RS questionnaire by a team of trained physiotherapists. The 
data was analysed using suitable statistical tests. 
Results: The mean age of the healthy controls was 22 ± 1.40 years  and patients ( 4F: 2M) was 22.83 ± 0.98 with 
mean years of education 14.12 ± 1.17 years and 15.50 ± 0.84 years. The mean MIQ-RS score among healthy 
controls was 68.06 ± 10.80 with visual imagery score of 18.38 ± 3.08 and Kinaesthetic imagery score of 18.34 ± 
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3.41 whereas in patients group mean MIQ-RS score was 45.33 ±  2.66 with visual imagery score of 15.13 ±  2.24 
and kinaesthetic score of 11.25 ±  0.74. 
Conclusions: Thus the results can serve as a useful tool to evaluate outcomes and aid in the delineation of patients 
with movement disorders who are best suited for mental imagery training. 
References: Melanie Gregg, Craig Hall, Andrew Butler.The MIQ-RS: A Suitable Option for Examining Movement 
Imagery Ability. Evid Based Complement Alternat Med. 2010 Jun; 7(2): 249–257. Malouin F, Richards CL, 
Jackson PL, Lafleur MF, Durand A, Doyon J. The Kinesthetic and Visual Imagery Questionnaire (KVIQ) for 
assessing motor imagery in persons with physical disabilities: a reliability and construct validity study. J Neurol 
Phys Ther. 2007;31:20–9. Mirelman A1, Maidan I, Deutsch JE. Virtual reality and motor imagery: promising tools 
for assessment and therapy in Parkinson's disease. Mov Disord. 2013 Sep 15;28(11):1597-608. 

664 
The Effectiveness of Rehabilitation Using Honda Walking Assist in Parkinson's Disease Patients; The Gait 
Analysis by a Markerless Motion Capture System 
N. Kawashima, M. Iijima, T. Hamano, K. Nagami, M. Isogai, M. Komachi, T. Furukado, A. Kumon, K. Miyashita, A. 
Sato, K. Hasegawa (Fujisawa, Japan) 
Objective: We verified the usefulness of an automatic gait and posture analyzer for estimation of rehabilitation 
using Honda Walking Assist (HWA). 
Background: The abnormal posture is one of the unsolved issues in advanced Parkinson's disease (PD) patients. 
Although postural sway is often larger when walking than when standing in PD patients, the evaluation of postural 
sway during walking is not easy. 
Methods: We studied the effect of rehabilitation using HWA in PD patients outside. Patients did rehabilitation using 
HWA for 30 min, 10 times / 3 months (3M) or 20 times / 6 months (6M). We evaluated 10 meter and 3 min of 
walking test without HWA, Berg Balance Scale, Functional Reach Test (FRT), UPDRS part III, MDS-UPDRS 3.11 
(freezing of gait) and Freezing of Gait Questionnaire at the pre and post-intervention. We used Mobile Motion 
Visualizer (MMV-001, SYSTEM FRIEND INC.), which uses an infrared camera to analyze step length, step width, 
walking speed and postural sway without marker. 
Results: Three patients (mean UPDRS part III 19.7) participated. Patient 1 (75 y. o. female, 11 years PD duration, 
HY3): The step length in 10 meter walking and the distance in 3 min walking increased from 52.0 cm to 66.0 cm 
(3M) and from 182.0 to 190.7 (3M) and 204 (6M) meter. MMV showed improvement of step length from 49 to 55 
cm (3M), walking speed from 44 to 59 meter / min (3M) and anterior postural sway from 21.4 to 19.5 (3M) and 18.1 
(6M) degree. Patient 2 (73 y. o. female, 18 years PD duration, HY3): FRT and the distance in 3 min walking 
increased from 23.5 to 26.5 cm and from 149.0 to 164.5 meter (3M). MMV showed improvement of walking speed 
from 43.5 to 44.5 (3M) and 46.0 (6M) meter / min and anterior postural sway from 15.6 to 14.5 degree (6M). Patient 
3 (80 y. o. female, 12 years PD duration, HY2): The distance in 3 min walking increased from 133.3 to 157.0. MMV 
showed improvement of step length from 47.0 to 52.5 cm and anterior postural sway from 10.6 to 9.7 degree. 
Conclusions: The rehabilitation using HWA increased the distance in 3 min walking and improved anterior postural 
sway in PD patients. MMV was useful to evaluate the improvement of gait and postural sway. 
References: Tanaka R, Takimoto H, et al. Validity of time series kinematical data as measured by markerless 
motion capture system on a flatland for gait assessment. J Biomech 2018; 71: 281-285. 

665 
Pre-diagnosis physical activity habits are associated with age of diagnosis and postural instability in 
Parkinson’s disease 
M. Landers, K. Johnson, S. Johnson, J. Lyle, T. Ormsby, D. Salgo, J. Zorn, A. Murtishaw, A. Salazar, J. Kinney (Las 
Vegas, NV, USA) 
Objective: To determine if pre-diagnosis exercise and brain-derived neurotrophic factor (BDNF) genotype are 
predictive of age at diagnosis and severity of balance impairment. 
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Background: Studies suggest that exercise may confer neuroprotective benefit when implemented before the pre-
clinical and prodromal stages of Parkinson’s disease (PD). Additionally, levels of BDNF, theorized to be 
neuroprotective in PD, are affected by its genotype and exercise. 
Methods: This cross-sectional study involved the participation of 76 individuals with PD. Buccal cells were 
collected to determine BDNF genotype and the modified Lifetime Physical Activity Questionnaire was used to 
determine moderate and vigorous physical activity (PA) habits during the following life stages: 20s, 30s, and 40s. 
Because of multicollinearity, these 3 life stages were averaged for both moderate and vigorous PA. PD symptoms 
were determined using the Movement Disorder Society – Unified Parkinson’s Disease Rating Scale III (MDS-
UPDRS-III) and the Mini-Balance Evaluations Test (MBT). 
Results: The final hierarchical regression model for prediction of age at diagnosis produced an R2 = 0.146, p=.033; 
however, the only significant variable in the final model was average moderate PA from ages 20s to 40s (p=.009). 
The regression for MDS-UPDRS III was not significant; however, the regression for MBT was, p=.0499. In the final 
model, 23.1% of the variance was explained. Years since diagnosis (p=.014) and average vigorous PA from ages 
20s to 40s (p=.047) were the only significant predictors in the final model. 
Conclusions: While an interaction between BDNF genotype and lifetime PA was not observed, our results suggest 
that pre-diagnosis PA may be neuroprotective in PD. We found that higher amounts of moderate PA was associated 
with a younger age at diagnosis. Specifically, every hour increase in weekly moderate lifetime PA was associated 
with a PD diagnosis a little over a quarter of a year later. Additionally, we found that higher amounts of vigorous 
lifetime PA was associated with better balance performance when corrected for age at diagnosis. We had anticipated 
that BDNF might play a role in potentiating the neuroprotection but the low and non-significant correlations, though 
headed in the correct direction (i.e., val/val carriers having an older age at diagnosis), suggests that BDNF genotype 
may only play a minor role. 

666 
Anthropometric Profile and Vitamin D Status in the Functional Performance of a Brazilian Elderly 
Parkinsonian Population 
L. Leandro, S. Kusma, H. Teive, C. Moreira (Curitiba, Brazil) 
Objective: To analyze the functional performance of parkinsonian elderly population and its relation with 
anthropometric and vitamin D deficiency parameters. 
Background: Longevity is a worldwide event and the elderly population presents peculiar characteristics with a 
higher frequency of neurodegenerative diseases, a tendency toward social isolation with varying degrees of 
vulnerability. 
Methods: Cross-sectional and descriptive study that evaluated 40 elderly individuals aged 60 years or older of both 
sexes, divided into three groups (I, II, III) according to Hoehn and Yahr staging. Demographic data, serum vitamin 
D (25OHD), albumin, calcium and creatinine, as well as the anthropometric index by weight, body mass index 
(BMI) and later, were evaluated for functional performance with Timed Up and Go TUG) and disease progression 
by the Unified Parkinson's Disease Assessment Scale (UPDRS III). 
Results: The results showed that the mean overall TUG time was 14.13 seconds, but it was shown to be an impaired 
functional performance by the UPDRS III (± 38.15). The mean BMI (34.30%), weight (71 kg) height (1.62 m), 
vitamin D (33.87%), albumin (4.0), calcium (9.58) and creatinine ratio of (0.8). When compared between groups, 
the correlation was significant in the associations between TUG and UPDRS. Significant correlations were found 
between TUG, age and height for group I (n = 21). 
Conclusions: High anthropometric parameters may interfere with functional performance and disease staging but 
not with the risk of falls, and serum vitamin D levels were not associated with functional performance. 
References: 1. Adame, M., Al-Jawad, A., Romanovas, M., et al. (2012). TUG Test Instrumentation for Parkinson’s 
disease patients using Inertial Sensors and Dynamic Time Warping. Biomedical Engineering / Biomedizinische 
Technik, 57(SI-1 Track-E), pp. 1071-1074. 2. Duncan RP, Earhart GM. Are the effects of community-based dance 
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on Parkinson disease severity, balance, and functional mobility reduced with time? A 2-year prospective pilot study. 
J Altern Complement Med. 2014;20: 757–763. 

667 
Relationship Between Handgrip and Functional Mobility in a Brazilian Parkinsonian Elderly Population 
L. Leandro, S. Kusma, H. Teive, C. Moreira (Curitiba, Brazil) 
Objective: To evaluate and compare the grip strength and functional mobility of elderly people with different 
Hoehn and Yahr staging levels. 
Background: The proportion of elderly people is growing worldwide and, with this, there is an increase of chronic-
degenerative conditions such as impaired balance and falls and the physically active elderly tends to an improved 
response in muscle strength, flexibility and postural balance. 
Methods: The sample consisted of 40 elders with 60 years or more, both sexes, divided into three groups (I, II, III) 
according to Hoehn and Yahr staging. The grip strength was evaluated using a hydraulic dynamometer and 
functional mobility through the Timed Up and Go test (TUG) and Tinetti Index and the disease pregression by the 
Unified Parkinson’s Disease Rating Scale (UPDRS III). Dominant side and side more committed by the disease 
were also seen. The data were evaluated using the Kolmogorov-Smirnov test, to verify normality and the 
comparison of the results of the three groups was performed by means of ANOVA, with p <0.05. 
Results: 21 men (52.5%), with a mean age of 65.68 years (± 7.047). The results showed that grip strength (± 29.76) 
and functional mobility (± 14.13) were better at full vision, but when compared between groups by staging, group III 
showed a risk of falls. Functionally, TUG test and Tinetti Index show risks of fall but preserved mobility levels. 
Conclusions: The practice of implementing gains based on functional mobility and safety can lead to better 
therapeutic outcomes and increase the attendances and their demands. 
References: 1. Raquel Bouça-Machado, Walter Maetzler, Joaquim J. Ferreira. What is Functional Mobility Applied 
to Parkinson’s Disease? J Parkinsons Dis. 2018; 8(1): 121–130. 2. Jo H.J, Park J, Lewis MM, Huang X, Latash ML. 
Prehension synergies and hand function in early-stage Parkinson’s disease. Experimental Brain Research. 
2014;233(2): 425–440. 
 

668 
TELE PARK: Evaluation of the appropriation of a digitally guided self-rehabilitation device for patients with 
Parkinson's disease and their professional entourage on a health territory in Brittany, France. 
E. Leblong, A.L. Roy, B. Fraudet, A. Riou, A. Durufle, J.F. Aubry, B. Nicolas, P. Gallien (Rennes, France) 
Objective: The main objective of this study is to evaluate the appropriation of BYM by patients and their liberal 
physiotherapists in a health area in people with Parkinson's disease. 
Background: The current challenge of neurological rehabilitation management is the continuation of long-term 
physical activity. The BYM digital movement training tool is in line with this trend: to encourage daily self-exercise. 
Methods: This prospective, observational, open-label study included liberal physiotherapists and their Parkinson 
patients with balance and walking disorders.The main judgement criterion is an acceptability questionnaire for new 
UTAUT - Unified Therory of Acceptance and Use of Technology model technologies with a high predictive power 
for future use of a technology. Scores based on the determinants of UTAUT are assessed at 2 months and 1 year at 
the inclusion of professionals and patients. 
Results: 71 liberal physiotherapists were contacted and 11 consented to participate, 27 patients were included. 
Measured on a 5-point Likert scale[0-4], the subscores of the determinants of intention to use support inclusion for 
both professionals and patients. The determinants of use are utility (expected performance=3.1), accessibility 
(expected effort=3.3) and playfulness (gaming: 3.4). The environment also seems favourable (social influence: 3.4). 
At 2 months out of the first 14 patients, the intention to use decreases in relation to an expected efficacy not 
achieved. 
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Conclusions: The solution benefits from a positive mind for users but this good acceptability is confronted with a 
lower acceptance rate of 2 months in relation to the expected benefit not achieved. Nevertheless, the implementation 
of the tool is possible within the liberal cabinets allowing to bring one more tool to the physical therapists. 

669 
Prospective observational study to follow up a cohort of Parkinson's outpatients during a 4-week 
rehabilitation 
E. Leblong, A.L. Roy, B. Fraudet, A. Riou, E. Ceze, A. Rouxel, B. Nicolas, P. Gallien (Rennes, France) 
Objective: To evaluate the effectiveness of a 4-week program in a rehabilitation center for reconditioning and 
exercise on balance, walking and upper limb bradykinesia in Parkinson's patients. 
Background: The positive effects of physical activity in Parkinson's disease are no longer to be demonstrated: on 
aspects of daily life with the reduction of the risk of falling (Protas 2005) and the improvement of cognitive 
functions (Tabak 2013) but also on physiopathological aspects by promoting neuroplasticity (Petzinger 2013) and 
the synthesis of dopamine (Fisher 2013), a neurotransmitter deficiency in this disease. This improves the quality of 
life (Cascaes da Silva 2016, Baatile 2000). Thus, rehabilitation programmes must be set up in the centers to teach 
patients to be active on a daily life. 
Methods: Observational, prospective, monocentric study, cohort follow-up of Parkinson's patients or related 
patients over 2 years consisting of the implementation of a rehabilitation program in groups of 4 to 6 people for 4 
weeks in ON at a rate of 3 days/week based on physical rehabilitation , global and analytical muscle strengthening 
of extensors, work on balance and double task, setting in ecological situations and motor imaging work. 
Results: 113 patients participated, average age was 67.9 years (min 44 years, max 83 years), average diagnostic 
time 8.4 years (SD 5.2), Hoehn and Yahr 2.6 (SD 0.6), UPDRS II+III 24.8 (SD 9.4). Statistically significant 
differences were observed across all clinical balance and walking tests (Time Up and Go p=0.04, Time to test 10m 
at comfortable speed p=0.02 and fast p=0.03, distance covered in 2 minutes p=0.0004 and in 6 minutes p<0.0001). 
The results are also statistically significant on global and fine grips outside the Nine Hole Peg test on the left. 
Conclusions: This study in a rehabilitation centre therefore shows not only the feasibility of setting up a 
standardised group rehabilitation programme but also its immediate effectiveness. Work is still in progress to offer 
patients innovative self-rehabilitation tools in order to hope for the persistence of a long-term benefit by maintaining 
physical activity adapted to these pathologies in order to maintain the best possible autonomy and quality of life for 
as long as possible. 

670 
Factors that interfere in the functionality according to Functional Independence Measure in people with 
Parkinson’s Disease. 
E. Libardi, M. Piemonte, E. Guelfi, E. Okamoto (São Paulo, Brazil) 
Objective: Provide new evidence on the motor and non-motor factors that interfere with the decline in functionality, 
comparing objective and subjective instruments with Functional Independence Measure (FIM). 
Background: Parkinson's Disease (PD) is the second most common neurodegenerative disease, and because it is 
progressive and the cure is not yet known, maintenance and recovery of functionality have been considered as the 
main therapeutic objectives in the care of people with PD. However, despite the numerous tests and scales 
recommended for the evaluation of people with PD, there is no specific scale for the evaluation of functionality 
Methods: A total of 42 people diagnosed with Idiopathic PD, aged between 50 and 82 years old, being 24 men and 
18 women, with Hoehn and Yahr stage between 1 and 4, were evaluated. For motor objective measurements were 
used the Mini Best-test, 10-minute walk test, 5 times sit-to-stand test (STDP5X), 6-minute walk test (TC6min), 9 
Hole Peg Test of Upper Extremity Function (9HPT), and the Unified Parkinson's Disease Rating Scale (UPDRS) 
part III, and for cognitive objective measurement was used the Montreal Cognitive Assessment (MoCA). As 
subjective measurement, were used the Freezing of Gait Questionnaire (FOG), Falls Efficacy Scale - International 
(FES-I), Geriatric Depression Scale (GDS), Parkinson’s Disease Questionnaire-39 (PDQ), UPDRS part II and FIM. 
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Results: UPDRS III, distance walked on the 6MWT, total score of the Mini Best test and the number of falls in six 
months were able to predict FIM in more than 80% of the observations and UPDRS II alone was able to predict 
almost 60% of the observed values. 
Conclusions: Functionality in people with PD, assessed through FIM, is fundamentally associated with the severity 
of symptoms, gait changes, balance and independence in activities of daily living, reinforcing that rehabilitation 
programs may use this aspects as strategy keys for the treatment for people in intermediate stage of PD. 

671 
Feasibility and acceptability of a therapist-delivered physical activity coaching intervention for people with 
premanifest and early stage Huntington’s Disease and Parkinson’s Disease 
K. Long MS, M. Caciula PhD, C. Friel EdD, L. Quinn EdD (New York City, NY, USA) 
Objective: To assess the feasibility, acceptability, and preliminary efficacy of the Pre-Active PD and HD 
interventions for increased physical activity (PA) engagement in people with early Parkinson's disease (PD) (H & Y 
stages I & II) and Huntington’s disease (HD) (pre-manifest and early manifest, TFC >9). 
Background: Growing evidence supports PA and exercise as central to managing symptoms in PD and HD. While 
disease-specific exercise programs are well developed, there is a need for therapist-delivered coaching to facilitate 
and motivate people with PD and HD to engage in regular exercise, in order to make PA a habit in their lifestyle. 
Methods: A single arm cohort feasibility study was conducted over 4 months with embedded process analyses. The 
coaching sessions were conducted by an occupational  or physical therapist and included 4-6 individual (remote or 
in-person) sessions that provided directed support regarding PA and exercise habits. Fitbits were provided as a tool 
for motivation and tracking of progression. Outcome measures included PA levels, exercise motivation (BREQ-2), 
self-efficacy, physical performance (6 MWT), and cognitive function (Stroop Color-Word Interference). 
Results: 84 individuals were approached. 14 HD and 13 PD participants (mean (SD) age 54(15) yrs) were recruited. 
Four individuals were lost to follow up with an adherence rate of 87%. Preliminary findings from 10 HD and 8 PD 
participants showed Fitbits were worn an average of 99.1(17.5) days, with average wear time 94.8(7.8)% of days. 
Average step count at week one was 9598(3273) steps and 10137(2737) in the last week. Mean summary scores for 
baseline and follow-up are as follows: Brunel measure of planned PA for PD at 4.1(.37) and 4.6(.25); unplanned PA 
at 2.25(.42) and 2.6(.76); Norman self-efficacy for PD at 67.8(12.6) and 69.3(11.0); Lorig self-efficacy for HD at 
9.6(0.9) and 10(0); BREQ-2 at 32.9(9.8) and 36.07(7.6); 6MW at 461.98(73) and 427.2(150.3); Stroop at 41.4(11.6) 
and 46.8(17.8). 
Conclusions: Preliminary findings suggest the Pre-Active PD and HD interventions may be  feasible to implement 
in people with early stage PD and HD. 
References: 1) Busse M, Quinn L, Dawes H, et al. Supporting physical activity engagement in people with 
Huntington’s disease (ENGAGE-HD): study protocol for a randomized controlled feasibility trial. Trials. 
2014;15:487. doi:10.1186/1745-6215-15-487. 2) Markland, D. & Tobin, V. A modification of the Behavioral 
Regulation in Exercise Questionnaire to include an assessment of amotivation. Journal of Sport and Exercise 
Psychology, 2004. 26:191-196. 3) Quinn L, Trubey R, Gobat N, et al. Development and Delivery of a Physical 
Activity Intervention for People With Huntington Disease: Facilitating Translation to Clinical Practice. J Neurol 
Phys Ther. 2016;40(April):1-10. doi:10.1097/NPT.0000000000000119. 4) Wilson, P.M., Rodgers, W.M., Loitz, 
C.C., & Scime, G. “It’s who I am…really!” The importance of integrated regulation in exercise contexts. Journal of 
Biobehavioral Research. 2016. 11:79-104. 

672 
Hippotherapy for axial symptoms, gait and posture in people with Parkinson disease: A case report 
T. McIsaac, J. Hayes, J. Goodman, O. Harpham, N. Erickson (Mesa, AZ, USA) 
Objective: To explore the feasibility and effects of equine-assisted intervention (hippotherapy) on axial symptoms 
underlying gait and balance in people with Parkinson disease (PD). 

This article is protected by copyright. All rights reserved.



Background: People with PD commonly experience progressive rigidity of the neck, trunk and hips, which 
contribute to balance and gait difficulties and frequent falls. This leads to isolation, depression, loss of independence 
and mobility, increased morbidity and mortality, and reduced quality of life. Axial rigidity is not responsive to 
levodopa medication, thus understanding the feasibility and impact of hippotherapy on rigidity, gait and balance will 
address the need to develop therapies for people with PD. Hippotherapy, has been widely shown to reduce muscle 
spasticity and improve posture and gait in children with cerebral palsy and more recently in adults with multiple 
sclerosis and adults post stroke. However, the impact of hippotherapy on axial rigidity in people with PD has not 
been explored. 
Methods: Case report of three individuals (2 female, 1 male; age 73, 67, and 72 years, respectively) who 
participated in 12 weekly 1-hour hippotherapy sessions. Cervical and trunk rotation (goniometric measures), gait 
speed, functional mobility and balance (Timed Up and Go Test, MiniBESTest), and self-report assessments of self-
efficacy (General Self-efficacy Scale) and quality of life (PDQ-39) were assessed before and after the intervention. 
Results: Participants improved in gait speed and functional mobility by 20-25% and gained 30-50% in axial rotation 
(cervical and trunk combined). Balance improved by 10-32% on the MiniBESTest, general self-efficacy improved 
only slightly, and health-related quality of life improved by 15-30%. Attendance was over 80% with no adverse 
events or reported discomfort. 
Conclusions: Equine-assisted physical therapy (hippotherapy) may be a feasible and effective intervention to target 
axial rigidity, improving gait, balance and quality of life. 
References: 1. Meregillano G. Hippotherapy. Phys Med Rehabil Clin N Am 15(4), 843-854, vii (2004). 2. Kim SG, 
Lee CW. The effects of hippotherapy on elderly persons' static balance and gait. J Phys Ther Sci 26(1), 25-27 
(2014). 3. Lee CW, Kim SG, Yong MS. Effects of hippotherapy on recovery of gait and balance ability in patients 
with stroke. J Phys Ther Sci 26(2), 309-311 (2014). 4. Silkwood-Sherer D, Warmbier H. Effects of hippotherapy on 
postural stability, in persons with multiple sclerosis: a pilot study. J Neurol Phys Ther 31(2), 77-84 (2007). 
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673 
Is sprint running exercise feasible, safe and enjoyable to subjects with mild-to-moderate Parkinson's disease? 
E. Monteiro, L. Peyré-Tartaruga, E. da Silva, A. Zanardi, P. Jimenez-Reyes, J. Morin, A. Pagnussat (Porto Alegre, 
Brazil) 
Objective: To test the feasibility, safety, and acceptance of sprint running exercise in subjects with mild-to-
moderate Parkinson’s disease (PD). 
Background: Positive effects of sprint running have been reported for healthy and depressive disorder individuals. 
However, no study has investigated the feasibility of sprint running for individuals with PD. 
Methods: 16 male participants with PD (n=16, 64±9.01 years, 1 to 3 in the Hoehn and Yahr Scale (H&Y), 16.8±7.1 
UPDRS score) at "ON" period of L-Dopa, performed two sprint running trials reaching their maximal speed within 
30 meters. After sprint trials, they answered whether the sprint exercise was enjoyable, challenging and helpful for 
their functional mobility. We asked about feasibility, difficulties in sprinting, pain, musculoskeletal injuries, 
instability during the sprint exercise and fear of falling. To each domain of questionnaire, scores ranged from 0 to 
10. Higher scores indicated lower perceived difficulty and better-perceived interest, safety, satisfaction, 
acceptability, and positive effects. In addition, an open question was asked: "In what aspect do you think the sprint 
exercise may be good for individuals with PD?". 
Results: The sprint performance of individuals with PD was 5.11 s (IC:4.77: 5.74). Feasibility and safety were 
scored as 8.0 ± 3.2, 8.3 ± 4.4 out, respectively. Two subjects reported adverse events such as muscle discomfort and 
four participants reported pain or leg fatigue during or after the exercise. Appreciation/satisfaction, effectiveness, 
acceptance and future use of sprint were rated 8.5 ± 3.3, 8.5 ± 3.4, 7.5 ± 3.5, 7.5 ± 3.5, respectively. Approximately 
75 % of participants expressed the intention to add sprint running to their exercise routines. In addition, participants 
answered that sprints would certainly increase muscle strength, respiratory capacity, circulation, step length, gait 
speed, agility, coordination, and psychological aspects. 
Conclusions: Sprint running is a feasible and well-accepted exercise for people with mild-to-moderate PD. This 
type of exercise intervention might be innovative and effective in this population. 
References: E.P. Monteiro, L.A. Peyré-Tartaruga, A.P.J. Zanardi, E.S. Silva, J.B. Morin, A.S. Pagnussat. Sprint 
exercise in Parkinson’s disease patients: a pilot study Book of Abstracts of the 23rd Annual Congress of the 
European College of Sport Science – 4th - 7th July 2018, Dublin – Ireland. W. Zhou, J.C. Barkow, C.R. Freed, 
Running wheel exercise reduces α-synuclein aggregation and improves motor and cognitive function in a transgenic 
mouse model of Parkinson’s disease, PLoS One. (2017). doi:10.1371/journal.pone.0190160. 

674 
Effectiveness on the balance and the walking of a program of home-rehabilitation by digital support versus 
paper book on Parkinson’s patients: a randomized controlled trial 
M. Moreau, B. Fraudet, P. Gallien, B. Nicolas, E. Leblong (Rennes, France) 
Objective: The objective is to evaluate the effects on the balance and the walk of a program of 3 months of home-
rehabilitation guided by digital support (BYM system) or paper. 
Background: Studies have shown the value of commercial games (Nintendo Wii, Kinect) as home-rehabilitation 
tools for improving the balance and quality of life of Parkinson's patients (PD). However, games specifically 
designed for rehabilitation needs and the capabilities of people with PD are needed for optimal effectiveness, 
adherence and security. 
Methods: 31 patients with PD or related disease were included and randomized. The control group (n = 15) 
performed home-rehabilitation by exercises on paper booklet. The experimental group (n = 16) performed home-
rehabilitation with the BYM system consisting of a tablet application coupled to a motion sensor. Both groups were 
instructed to perform 30 minutes of exercise per day for 3 months. Clinical performance was assessed before and 3 
months after the beginning of the program. 
Results: Both groups were comparable in pretest. At 3 months, the performance of walking tests was improved in 
the tablet group: + 14.7% on the 6min test (pre = 498.3m, post = 571.7m) + 18% on the comfortable 10m (pre = 
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9.1s, post = 7.4s) + 12.6% on the TimedUp & Go (pre = 9.5s, post = 8.3s) -34% on the UPDRS III (pre = 9.1, post = 
6, 0). The performances of the booklet group are unchanged or even worse. 
Conclusions: Although we have not been able to show a significant difference between the two groups, the results 
of this pilot study are encouraging. A larger study would be needed to confirm these results. 

675 
Effect of 8-Weeks Treadmill Training on Selected Gait Parameters and Quality of Life of Patients with 
Parkinson's Disease 
A. Ogundele, M. Olaogun, M. Komolafe (Ile Ife, Nigeria) 
Objective: To assess the effect of treadmill training on step and stride length, cadence, gait velocity and QoL of 
patients with PD. 
Background: Mobility and balance limitations are some of the most significant consequences of Parkinson’s 
disease (PD) leading to functional impairments and reduced quality of life (QoL). Treadmill Training has been 
reported to help improve physical function in the Caucasian population. There is however dearth of studies 
investigating its effect in the African population. 
Methods: 22 patients (17 males, 5 females) with idiopathic PD, H&Y (2.60±0.44) purposively recruited from the 
Physiotherapy department of Obafemi Awolowo University Teaching Hospitals Ile-ife, Nigeria, participated in this 
pretest, posttest study. Baseline parameters of gait (step and stride length, cadence and gait velocity) and quality of 
life were assessed using, BTS G-walk gait device and PDQ-39 respectively. Participants had 5-10 minutes warm-up 
(stretching) after which the treadmill training at moderate intensity (50-60%HRmax) for 25 minutes after which the 
warm-down phase of 5-10mins completed each session. Gait parameters and QoL were re-assessed after 4 weeks 
and 8 weeks of intervention. Data were analysed using one-way ANOVA and paired t-test. Level of significance (P< 
0.05) 
Results: The mean age, height, weight and BMI of the participants were 68.18±8.81 years, 1.67±0.09 m, 
64.13±12.50 kg and 22.85 kg/m2 respectively. Participants had significant improvements in stride length (F=546.70, 
p=0.001) and QoL (F=35.76, p=0.001). 
Conclusions: Treadmill training significantly improved gait and quality of life of patients with Parkinson’s disease. 

676 
Validation of Acoustic Analysis of Swallowing as a Method of Screening for Orofaringeal Dysfunction at 
Parkinson 
R. Santos, B. Zeigelboim, G. Silva, M. Nunes, H. Teive (Curitiba, Brazil) 
Objective: To validate the acoustic analysis as an auxiliary method in the evaluation of swallowing in patients with 
Parkinson's disease.To validate the acoustic analysis as an auxiliary method in the evaluation of swallowing in 
patients with Parkinson's disease. 
Background: This is a diagnostic accuracy study of Doppler sonar associated with DeglutiSom® Software (Sonar 
Doppler / DeglutiSom®). 
Methods: Quantitative, transversal and double blind study. Patients were referred by the Department of Neurology 
and screened at the Movement Disorders Outpatient Clinic of the UFPR Hospital de Clínicas. A total of 248 patients 
were evaluated, and 91 volunteers with a diagnosis of Parkinson's disease, with a mean age of 64.9 years (SD 7.7) 
years, 53.8% were male and 46.2% were male. women. In all, the mean duration of the disease was 12.6 years (SD 
3.8) years. As the study was outlined. 
Results: In agreement of the findings of the investigator and the judges with the results of the videofluoroscopy, the 
degree of agreement of the evaluators with the investigator is of 90.1%, being 4,4% the degree of partial agreement 
and 5.5% of discordance. Sensitivity resulted in (90%) and specificity in (90%). In the indicators for analysis of the 
validity of the method for screening dysphagia is high with sensitivity of 0.97 (97%) and specificity 0.91 (91%), 
predictive value (+) is 0.97 (97%) and value predictive value (-) of 0.91 (91%), with a method accuracy of 0.96 
(96%). In the validity indicator of the aspiration screening method, the values are also high, with sensitivity of 0.90 
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(90%), specificity of 0.90 (90%), predictive value (+) of 0.82 (82%), predictive value (-) of 0.95 (95%) and accuracy 
of 0.90 (90%). 
Conclusions: With the results obtained, we conclude that the method presents appreciable results in the screening of 
oropharyngeal dysphagia and acoustic signals of laryngotracheal aspiration. 

677 
Clinical and fMRI effects of Action Observation and Motor Imagery Training on dual-task performances in 
Parkinson’s disease patients with postural instability and gait disorders 
E. Sarasso, F. Agosta, N. Piramide, E. Canu, M. Chiesi, I. Ravani, S. Galantucci, A. Tettamanti, M.A. Volontè, M. 
Filippi (Milan, Italy) 
Objective: To assess brain functional reorganization and gait changes performing dual-task after 6 weeks of action 
observation training (AOT) and motor imagery (MI) associated with gait/balance exercises in PD-PIGD patients. 
Background: Dual-task is challenging for Parkinson’s disease patients with postural instability and gait disorders 
(PD-PIGD) and impacts on postural stability and gait safety. 
Methods: Twenty PD-PIGD patients were randomized into 2 groups: the AOT-MI-group performed a 6-week (W6) 
gait/balance training consisting of AOT-MI combined with practicing the observed-imagined exercises; 
LANDSCAPE-group performed the same exercises combined with watching landscape videos. Exercises were 
increasingly difficult, up to include dual-task.  At baseline and W6, patients underwent: i) functional MRI (fMRI) 
dual-task (foot anti-phase movements while counting backwards by threes starting from 100) and ii) gait/balance 
evaluations including Timed-Up-and-Go-test (TUG) and TUG associated with dual-task, Mini-Balance-Evaluation-
System-test (MiniBESTest) and Activities Balance Confidence questionnaire (ABC). 
Results: At W6 compared to baseline, both groups showed an improvement in TUG execution time, whereas only 
the AOT-MI group improved in TUG with dual-task, MiniBESTest and ABC. AOT-MI-group also showed 
improvements in gait speed during the turn phase of TUG and TUG with dual-task, ABC and MiniBESTest relative 
to LANDSCAPE-group. At W6 relative to baseline, during the fMRI dual-task, the AOT-MI-group showed reduced 
recruitment of frontal, occipital, insular areas and hippocampus and increased activity of parietal areas. The 
LANDSCAPE group presented decreased activity of occipital areas and increased recruitment of fronto-temporal 
areas. AOT-MI relative to LANDSCAPE group showed reduced recruitment of frontal, occipital, and temporal areas 
and of the right putamen. 
Conclusions: Our results suggest that increasingly difficult gait/balance exercises improve gait speed in PD-PIGD 
patients; however, only when exercises were preceded by a motor-learning facilitation strategy (AOT-MI), patients 
showed gait/balance improvements and increased brain efficiency during dual-task circumstances, which are among 
the most challenging for PD-PIGD patients. 

678 
Assessment of the risk of falls in patients with Parkinson's disease using Time Up and Go 
F. Sattolo, L. Rodrigues, L. Lima, M. Diogo, R. Guimarães (Campinas, Brazil) 
Objective: This study aimed to evaluate the risk of falls in patients participating in the group of physical activities 
for Parkinson's of UNICAMP using the TUG as the main tool. 
Background: Parkinson's disease (PD) is one of the most common neurodegenerative disorders in the world. Falls 
are common symptoms in Parkinson's disease (PD) and are present even in early disease stages1.  It is estimated that 
68% of patients with PD fall at least once a year2. Falls reduce patient's quality of life and can lead to consequences 
such as loss of autonomy and independence, change of home / environment, family rearrangement and death. The 
Time Up and GO (TUG) test was designed to evaluate mobility in the elderly and was validated to quantify 
locomotor performance in people with PD3. 
Methods: We included 14 patients with clinical diagnosis of PD who had independent gait or with the aid of an 
auxiliary device. The UPDRS and H&Y scales where also performed. 
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Results: A total of 13 patients were evaluated, 8 male, mean age was 64.07 years (min 43- max 83), 15% presented 
score Hoehn and Yahr <2.5 and 69%> 2.5, the mean total UPDRS was 39. 8 patients presented a TUG score greater 
than the cut score (11.5 s) used in the TUG validation article for risk of falls4. However, of these 8 patients, only 3 
had falls in the last 3 months. We observed in our sample that the TUG was not sensitive to asses risk of falls. Since 
times higher than the cutoff score (11.5 s) most often showed no drop in the last 3 months. 
Conclusions: For our sample, the TUG test was not a sensitive tool to evaluate the risk of falls, therefore more 
studies are needed. 
References: [1]Haertner et al; Effect of Fear of Falling on Turning Performance in Parkinson’s Disease in the Lab 
and at Home, 2018; [2] Silva et al; Assessing Timed Up And Go In Parkinson’s Disease: Reliability And Validity 
Of Timed Up And Go Assessment Of Biomechanical Strategies; 2017; [3] Morris et al; Reliability of Measurements 
Obtained With the Timed “Up & Go” Test in People With Parkinson Disease; 2001; [4] Nocera et al, Using the 
Timed Up & Go Test in a Clinical Setting to Predict Falling in Parkinson's Disease, 2013 

679 
Relationship between parkinsonism and upper extremity function in patients with Parkinson’s disease 
H. Sawada, M. Takahashi, A. Inaba, S. Orimo (Tokyo, Japan) 
Objective: To examine the relationship between upper extremity function and the Movement Disorders Society-
Unified Parkinson’s Disease Rating Scale part III (MDS-UPDRS-III) for use as a clinical tool for quantifying upper 
extremity function in patients with Parkinson’s disease (PD). 
Background: Due to the parkinsonism, many people with PD have compromised function of upper extremities, 
affecting reaching, grasping, and object manipulation. However, the relationship between the severity of 
parkinsonism and upper extremity function in PD remains unclear. 
Methods: We enrolled 53 patients with PD (21 men and 32 women, average age: 74.4 ± 6.9 years, average Hoehn-
Yahr scale: 2.5 ± 0.8, average disease duration: 4.9 ± 4.4 years). Subjects were excluded from the study if they had a 
history of any other known neurologic or orthopedic disorder that could affect functional activity. Upper extremity 
function was evaluated using the Simple Test for Evaluating Hand Function (STEF). The severity of parkinsonism 
was assessed using the upper limb and posture items of MDS-UPDRS-III during the ‘on’ state of PD. Data were 
analyzed using SPSS (version 25.0). Wilcoxon signed-rank test revealed no significant difference in function 
between the dominant and non-dominant hands (p= 0.11); therefore, the value for the dominant hand was used in 
this study. Spearman’s rank correlation coefficient was used to quantify bivariate associations between the MDS-
UPDRS-III and STEF. 
Results: STEF scores were significantly negatively correlated with MDS-UPDRS-III scores with respect to hand 
movements (p= 0.002), global spontaneity of movement (p= 0.007), rigidity of upper extremity (p= 0.02), finger 
tapping (p= 0.026), and pronation-supination movements of hands (p= 0.027). However, no correlations were found 
with rigidity of the neck (p= 0.151), postural stability (p= 0.204), posture (p= 0.939), rest tremor amplitude of upper 
extremity (p= 0.116), postural tremor of the hands (p= 0.128), kinetic tremor of the hands (p= 0.416), or constancy 
of rest tremor (p= 0.644). 
Conclusions: Upper extremity function in PD patients is related to limb bradykinesia, akinesia and rigidity; this 
information can help in goal-setting in rehabilitation. 
References: 1) Goetz CG, Tilley BC, Shaftman SR, et al. Movement Disorder Society-sponsored revision of the 
Unified Parkinson’s disease Rating Scale (MDS-UPDRS): scale presentation and clinimetric testing results. Mov 
Disord; 2008: 23: 2129-2170. 2) Dickson DW. Parkinson’s disease and parkinsonism: Neuropathology. Cold Spring 
Harb Perspect Med; 2012; 2: a009258. 3) Mateos-Toset S, Cabrera-Martos I, Torres-Sanchez I, et al. Effects of a 
Single Hand Exercise Session on Manual Dexterity and Strength in Persons with Parkinson Disease: A Randomized 
Controlled Trial. PM R 2016; 8: 115-122. 4) Hwang W, Hwang S, Lee K, et al. Relationships between upper 
extremity performance and unified Parkinson’s disease rating scale-motor exam. Phys Ther Rehabil Sci 2013; 2: 99-
103. 
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680 
Immediate effect of the virtual and augmented reality and neurofunctional physiotherapy on postural control 
and cognition in patients with Parkinson’s disease: a randomized clinical trial 
S. Smaili, H. Araújo, R. de Souza, T. da Silva, T. Nascimento, M. Terra (Londrina, Brazil) 
Objective: To evaluate the immediate effect of augmented reality (AR), virtual reality (VR) and neurofunctional 
physiotherapy (NP) in postural control and cognition of patients with Parkinson’s disease (PD). 
Background: NP is an indispensable part in the treatment of PD [1], which, when combined with AR and VR are 
promising technologies that can be used as therapeutic and ludic resources to improve the effectiveness of NP [2]. 
Methods: 40 subjects from mild to moderate PD stages (24 males, 66±10 years) with no cognitive impairment were 
recruited for this randomized, crossover, blind clinical trial. Patients were submitted to one session of NP, one 
session of AR and one session of VR for 50 minutes each (7-days interval between them - Figure 1-3). Postural 
control was evaluated before and after each therapy using force platform in bipodal positions; tandem with eyes 
opened (EO) and eyes closed (EC); tandem with double-task (DT) associated with the Stroop test and, lastly, one-
legged stance. We recorded: center of pressure area (COP) in cm2, anteroposterior (AP) and mediolateral (ML) 
displacement amplitude in cm and velocity in cm/s. Cognition was assessed using the Trail Making Test (TMT) 
parts A and B. 
Results: There were improvements in postural control (pre vs post intervention) in the three modalities (Table 1): 
AP velocity decreased after AR [tandem EC 2.3[1.7-2.9] vs 2.1[1.5-2.9] P=0.04), one-legged (3.0[1.9-4.0] vs 
2.9[1.9-3.6] P=0.02)], NP [tandem EC (2.2[1.7-3.1] vs 2.1[1.6-3.0] P=0.03)] and VR [tandem EO (1.9[1.4-2.6] vs 
1.8[1.4-2.4] P=0.01), tandem EC (2.3[1.6-3.0] vs 2.0[1.5-2.8] P=0.01)]; ML velocity decreased after AR in the one-
legged position (P=0.04); and permanence time in one-legged position increased in AR (Δ: 2.5[-0.2-6.9] P=0.04). 
There was also improvement in cognition (Table 2): TMTA’s execution time decreased after AR (-9.3[-15.7-1.9] 
P<0.01), and TMTB’s execution time decreased after the three therapeutic modalities (ΔNP: -7.7[-29.4-0.0] vs 
ΔAR: -4.6[-34.6-0.6] vs ΔVR: -4.9[-28.2-0.9] P>0.05). There were no differences between the interventions when 
considering the studied modalities. 
Conclusions: The three treatment modalities improved postural control and cognition of the subjects with PD. 
Moreover, AR and VR generated similar immediate effects to NP on postural control and cognition in these patients. 
References: 1. Mak MK, Wong-Yu IS, Shen X, Chung CL. Long-term effects of exercise and physical therapy in 
people with Parkinson disease. Nat Rev Neurol. 2017;13(11):689–703. 2. Santos SM, da Silva RA, Terra MB, 
Almeida IA, de Melo LB, Ferraz HB. Balance versus resistance training on postural control in patients with 
Parkinson’s disease: a randomized controlled trial. Eur J Phys Rehabil Med. 2017;53(2):173–83. 
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681 
Balance training modulates the concentration of pro- and anti-inflammatory cytokines in the plasma of elder 
people and PD patients. A pilot study 
J. Szymura, J. Kubica, M. Więcek, J. Pera (Krakow, Poland) 
Objective: Assessment as to whether moderate intensity systematic balance training (BT) affects the level of IL-10, 
IL-6 and TNF-α in healthy, elder people and in PD patients. 
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Background: In aging populations, one of the greatest threats to good physical and mental health of the elderly 
relates to neurodegenerative diseases, among others – PD, manifested in limb tremors, gait and posture disturbances, 
muscle stiffness. It is believed that physical exercise improves the brain's performance, inter alia, by inhibiting 
inflammation. 
Methods: The study was a controlled, randomized study with a control group. The study involved 40 participants: 
training group of people with PD (PDBT), n=10; training group of healthy elder individuals (HBT), n=10; non-
training PD group, n=10; group of non-training elder, healthy individuals (HNT), n=10. The study participants took 
part in twelve-week BT based on exercises with an intensity of 60-70% HRmax (three 60-min sessions per week). 
After twelve weeks, venous blood was collected for biochemical analysis. 
Results: Before proceeding to the BT basal plasma IL-10 level was 2.68±1.32 pg/mL in the PDBT group, and 
2.62±0.89 pg/mL in the HBT group. After completion of BT, the level significantly increased in both training 
groups (PDBT: 4.26±2.38 pg/mL (P=0.003); HBT: 4.61±3.20 pg/mL (P=0.035). In the non-training groups, no 
significant changes in IL-10 concentration were noted. BT did not significantly affect the concentration of IL-6 in 
the examined groups. After twelve weeks of BT plasma IL-6 level was significantly higher in the PDBT than in the 
PDNT group (P=0.010). After BT, there was a significant decrease in TNF-α concentration in the PDBT group 
(1.07±0.32 pg/mL vs. 0.86±0.39 pg/mL, P=0.039). In the remaining cases, no significant changes in TNF-α 
concentration were noted. 
Conclusions: The results of this study suggest that moderate BT may influence the level of pro- and anti-
inflammatory cytokines in healthy, elderly people and in those with PD, contributing to the modulation of 
inflammatory processes in the body. Regular physical training may be a beneficial type of therapy in PD as well as a 
potentially preventative and protective element against the development of PD. 
This research was supported by the National Science Centre, Poland (grant 2018/02/X/NZ7/01635). 

682 
The effects of exercise focused on ankle joint movement for postural instability in patients with Parkinson’s 
disease: A pilot study 
R. Taniuchi, T. Harada, T. Makino, S. Togashi, K. Matsukawa, T. Hoshii (Otake, Japan) 
Objective: To investigate the effectiveness of exercise focused on ankle joint movement for postural instability in 
patients with Parkinson’s disease (PD). 
Background: Postural instability is a common and serious problem in PD, but the effects of dopaminergic 
medications are negligible. Clinically, heel landing at retropulsion is a specific feature of PD. Recent studies have 
found that repetitive training of compensatory steps can positively influence postural instability in patients with PD 
[1]. However, ankle joint movement during the backward response has not been examined. 
Methods: Nine inpatients with PD (mean age=70.7 years; mean disease duration=7.0 years; Modified Hoehn and 
Yahr 2.5-4) underwent 10 exercise sessions, including standardized physiotherapy. They exercised 5 times per week 
for 40 minutes in an ON medication state. This exercise consisted of repetitive pulls on the shoulders backward, and 
the patients were instructed on how to land on their toes as a backward response. Outcome measures included 
backward response (pull test), performance in activities of daily living (Barthel Index (BI)) and effects of medication 
(L-dopa dose), and were taken at baseline and post-intervention. Statistical analyses were performed using the 
Wilcoxon signed-rank test. 
Results: No adverse effects or falls were reported during the study period. There was significantly improvement in 
the pull test from 2.6 to 0.4 (P < 0.01) and BI from 65.6 to 87.8 (P < 0.01). The L-dopa dose did not differ 
significantly. 
Conclusions: Our intervention is a safe, feasible and potentially effective exercise for inpatients with moderate to 
severe PD in the short-term. Instruction on toe landing may be one of the most important components to treat 
postural instability in PD. 
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References: [1] Jöbges M, Heuschkel G, Pretzel C, Illhardt C, Renner C, Hummelsheim H, Repetitive training of 
compensatory steps: a therapeutic approach for postural instability in Parkinson's disease. J Neurol Neurosurg 
Psychiatry. 2004; 75(12): 1682-7. 

683 
Does cognitive-motor training improve the balance in Parkinson’s disease? Randomized clinical trial 
M. Terra, N. Barboza, I. de Almeida, M. Bueno, S. Smaili (Londrina, Brazil) 
Objective: To verify the effectiveness of adding cognitive training to motor physiotherapy compared to motor 
physiotherapy in balance, motor symptoms and activities of daily living in individuals with Parkinson's disease 
(PD); to investigate the effectiveness of both treatments after a 3-month follow-up, on balance, motor symptoms and 
activities of daily living. 
Background: Balance is multimodal and requires the integration of several systems, so it is considered proactive, 
adaptive and based on prior experiences [1-3].Associations have been reported between postural instability with 
global cognitive functionandexecutive function [4-6].Regarding the best treatment recommendation, however, the 
results available in the literature still remain divergent: they point to beneficial effects for balance either in 
essentially motor therapies or in cognitive-motor therapies, both in individuals with PD and in healthy elderly 
individuals [7-12]. 
Methods: Randomized clinical trial, where the individuals were randomized into two groups: Motor Group (MG; 
n=29) executed balance training; Cognitive-Motor Group (CMG; n=29), balance training plus cognitive training at 
the end of the therapy. Evaluation instruments: Balance Evaluation Systems Test(BESTest); Unified Parkinson 
Disease Rating Scale (UPDRS). 
Results: In the intergroup comparison, a difference was found in stability of gait using BESTest, in favor of CMG 
[table1]. In the BESTest, in the time effect: a difference was found for CMG in biomechanical constraints (pre vs. 
post; pre vs. follow-up), anticipatory postural adjustments (pre vs. post; pre vs. follow-up), stability of gait (pre vs. 
post; pre vs. follow-up) and total score (pre vs. post; pre vs. follow-up); for MG, in sensory orientation (pre vs. post; 
pre vs. follow-up) [table2]. In the UPDRS, the following were found: significant differences for CMG, in activities 
of daily living domain (pre vs. post and pre vs. follow-up), motor domain (pre vs. post) and total score (pre vs. post); 
for MG, difference in the total score (pre vs. post) [table3]. 
Conclusions: Cognitive-motor treatment was not superior to motor treatment in individuals with PD. Considering 
the time effect, both groups improved balance and motor symptoms. 
References: 1. Horak, F.B., Wrisley, D.M., Frank J. The Balance Evaluation Systems Test (BESTest) to 
Differentiate Balance Deficits. Phys Ther. 89(5):484-498 (2009). 2. Kafri, M., Hutzler, Y., Korsensky, O., & Laufer 
Y. Functional Performance and Balance in the. J Geriatr Phys Ther. 1-2. 3 (2017). Fino, P.C., Peterka, R.J., Hullar, 
T.E., et al. Assessment and rehabilitation of central sensory impairments for balance in mTBI using auditory 
biofeedback : a randomized clinical trial. 1-14 (2017). 4. Kelly, V.E., Johnson, C.O., McGough, E.L., et al. 
Association of cognitive domains with postural instability/gait disturbance in Parkinson’s disease. Park Relat 
Disord. 21(7):692-697 (2015). 5. Aarsland, D., Creese, B., Politis, M., et al. Cognitive decline in Parkinson disease. 
Nat Rev Neurol (2017). 6. Williams-Gray, C.H., Foltynie, T., Brayne, C.E.G., Robbins, T.W., Barker, R.A. 
Evolution of cognitive dysfunction in an incident Parkinson’s disease cohort. Brain. 130(7):1787-1798 (2007). 7. 
Conradsson, D., Löfgren, N., Nero, H., et al. The Effects of Highly Challenging Balance Training in Elderly With 
Parkinson’s Disease. Neurorehabil Neural Repair. 29(9):827-836 (2015). 8. Pompeu, J.E., Mendes, F.A. dos S., 
Silva, K.G. da, et al. Effect of Nintendo WiiTM-based motor and cognitive training on activities of daily living in 
patients with Parkinson’s disease: A randomised clinical trial. Physiotherapy. 98(3):196-204 (2012). 9. Santos, S.M., 
Da Silva, R.A., Terra, M.B., Almeida, I.A., De Melo, L.B., Ferraz, H.B. Balance versus resistance training on 
postural control in patients with Parkinson’s disease: A randomized controlled trial. Eur J Phys Rehabil Med. 53(2) 
(2017). 10. Wong-Yu, I.S.K., Mak, M.K.Y. Multi-dimensional balance training programme improves balance and 
gait performance in people with Parkinson’s disease: A pragmatic randomized controlled trial with 12-month 
follow-up. Park Relat Disord. 21(6):615-621 (2015). 11. Monticone, M., Ambrosini, E., Laurini, A., Rocca, B., Foti, 
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C. In-patient multidisciplinary rehabilitation for Parkinson’s disease: A randomized controlled trial. Mov Disord. 
30(8):1050-1058 (2015). 12. Hagovska, M., Takac, P., Dzvoník, O. Effect of a combining cognitive and balanced 
training on the cognitive postural and functional status of seniors with a mild cognitive deficit in a randomized, 
controlled trial. Eur J Phys Rehabil Med. 56(1):27-38 (2015). 
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684 
The statement about the effectiveness of non-medication methods in the complex treatment of spasticity of 
different genesis 
O. Tondiy (Kharkiv, Ukraine) 
Objective: Considering polypragmasy and many side effects of drugs, the need for non-drug components of the 
treatment complex is always relevant. 
Background: The effect of the non-medication (physiotherapy) complex 
(ultratonetherapy,   balneothrapy  and  acupuncture) on the patients having spasticity of different  genesis  was 
investigated. 
Methods: 118 patients aged from 25 to 65 (79 males and 39 females) having spasticity of different etiologies 
(consequences of mild to moderate spinal injuries, initial stages of multiple sclerosis, spastic paraplegies, 
myelopathies) were observed. 
The patients were divided into two groups. The first group (80 patients) received in addition their basic medication 
and physiotherapy with combination of ultratonetherapy – variable sinusoidal high-tension (4-5 kV) high-frequent 
(22 kHertz) low-intensive current (power 1-10 Vatt)  treatment of upper and lower extremities, with taking  turn 
each other, balneotherapy  (with  sea salt). Also, patients of the first group received acupuncture with individual 
points. Every procedure exposure was 12-15 min. The complete course was 10-12 procedures. The second group 
(control, 38 patients) received only the basic medication. 
Results: The spasticity and subjective sensation of constraint extremities of the patients in the first group was 
reduced after 19-22 days of treatment (72,3% patients) compared to the control group, where muscle constraint 
reduced after 26-28 days of treatment (56,8 % patients), p<0,05. 
Conclusions: The addition of the complex (ultratonetherapy, balneotherapy and acupuncture) to the treatment 
of  spasticity of different etiologies resulted in earlier reducing of subjective sensation of constraint extremities. 

685 
The effectiveness of two-weeks self-stretch based on post-isometric relaxation in Parkinson’s disease patients 
A. Zimin, D. Yusupova (Moscow, Russian Federation) 
Objective: To estimate the influence of two weeks of PIR training performed by inpatients autonomously on their 
joints mobility and balance. 
Background: One of the main symptoms of Parkinson's disease (PD) is rigidity. There are numerous techniques for 
flexibility improving applied in clinical practice. Post-isometric relaxation (PIR) suggested a highly effective 
approach to physical therapy [1]. Meanwhile, it is not enough data of muscle self-stretch based on post-isometric 
relaxation (SSBPIR) in PD patients. 
Methods: Nine PD patients included in the study had mild to moderate disability and could walk unassisted. They 
performed SSBPIR training six days a week within two weeks. Basically, the training consisted of 10 exercises all 
of which included submaximal voluntary static tension for 10 seconds and subsequent 10-15 seconds of static 
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stretching in major joints. All exercises were performed three times consecutively under the certified physical 
therapist supervision. To evaluate the impact of described above exercises we used the back-scratch and Chair Sit-
and-Reach tests and the Berg Balance Scale (BBS). 
Results: For the tenth session, all patients were able to do these exercises independently. The flexibility enhanced in 
all patients except one (62-years-old woman initially had a low level of mobility). Their levels (n=9) increased 
significantly (p<0.05) and were as follows: upper limb-left +9.2 cm (3.1-10.1), upper limb-right +8.9 cm (3.4-9.6), 
lower limb-left +2.8 cm (1.5-4.2), lower limb-right +3.0 cm (1.6-3.9). In contrast, we received no substantial 
improvement in patients` balance as changes in BBS scores were not significant (p=0.14). 
Conclusions: Self-stretch based on post-isometric relaxation can be considered as an effective method for 
amelioration of joints mobility, although balance did not increase considerably after these training. The SSBPIR can 
be applied both inpatients and outpatients. 
References: 1.Czaprowski D, et al. The influence of self-stretch based on post-isometric relaxation, static stretch 
combined with stabilization exercises and stabilization exercises only on hamstring, one-joint and two-joints hip 
flexors flexibility and finger-to-floor test results. Scoliosis. 2013;8 (Suppl 1): P1. 
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686 
Impact of subthalamic deep brain stimulation on sensorimotor and motor cortical oscillatory activity in free-
moving hemiparkinsonian rats 
A. Abdulbaki, T. Doll, J. Krauss, M. Alam, K. Schwabe (Hannover, Germany) 
Objective: The effect of STN DBS on the spectral power of oscillatory activity in the classic frequency bands in the 
motor cortex (MCtx) and sensorimotor cortex (SMCtx) was assessed in free-moving 6-hydroxydopamine (6-OHDA) 
lesioned hemiparkinsonian (HP) rats and sham-lesioned controls. 
Background: Altered oscillatory activity in cortical-basal ganglia thalamic circuitries, especially enhanced activity 
in the beta band, have been linked to motor symptoms in Parkinson`s disease (PD). The subthalamic nucleus (STN) 
is targeted for deep brain stimulation (DBS) in PD and chronic stimulation has been shown to reduce beta band 
activity. 
Methods: Thirteen male Sprague Dawley rats (250-350g) were either rendered HP by unilateral injection of 6-
OHDA (n=6), or by injection of saline (sham-lesioned; n=7) in the right medial forebrain bundle. After three weeks 
of surgical recovery, a DBS electrode was implanted in the STN, and an electrocortigram (ECoG) recording array 
was placed under the dura above the MCtx and SMCtx areas of the right hemisphere. All surgeries were performed 
under chloral hydrate (360 mg/kg; i.p.) anesthesia.  Seven days after surgery free-moving rats were individually 
recorded in three conditions: (1) basal activity, (2) during STN DBS, and (3) after STN DBS. Spectral power of 
oscillatory activity of theta (4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz) and gamma (30-100 Hz), and average number 
of bursts in the oscillatory activity were analyzed in the MCtx and SMCtx areas and compared between HP and 
sham-lesioned rats. 
Results: In HP rats, the relative power of theta band activity was lower, and beta and gamma activity was higher in 
MCtx and SMCtx, which was reverted towards control level by STN DBS both during and after stimulation (p < 
0.001). Further analysis showed a higher count of bursts in beta and gamma oscillatory activity in HP rats in the 
MCtx and SMCtx, which was suppressed by STN DBS. No differences were found between MCtx and SMCtx. 
Conclusions: Our results provide evidence that loss of nigrostriatal dopamine leads to increased beta and gamma 
oscillatory activity in motor and sensorimotor cortical areas, which is compensated by STN stimulation. 
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687 
Restless Genital Syndrome in a patient with Dementia with Lewy Body 
M. Abu Al-Melh, M. Farghal, B. Al-Failakawii (Kuwait, Kuwait) 
Objective: To report the co-existence of Restless Genital Syndrome (RGS) and Dementia with Lewy Body (DLB), 
and to highlight the responsiveness to rotigotine (dopamine agonist) patches. 
Background: RGS is described as a sense of genital discomfort in variable ways, including pain, tingling, burning, 
or itchy sensations that involve the perineal area and/or the external genitalia of either sexes. It had been previously 
reported with Parkinson's disease, atypical or secondary parkinsonism, or even normal individuals[1]. However, this 
could be the first time to be reported with DLB. 
Methods: An 80-year-old man with diagnosis of DLB since 2013. He presented with REM sleep behavior disorder, 
visual hallucinations, fluctuating level of attention, progressive memory impairment and visual-spatial abnormality. 
He -later on- presented with parkinsonian manifestations (tremors, gait instability, bradykinesia). MRI brain showed 
generalized cortical atrophy, while FDG-PET scan showed reduced metabolic activity over both parietal lobes, 
predominantly on the left side. He was on sinemet, mirtazapine and quitiapine. Recently he presented with attacks of 
abnormal sensation in his genital and perineal area, described as unpleasant, itching and burning in nature. It 
occurred anytime during the day, but more at night. In addition, it was progressively increasing in frequency and 
pushed the patient to itch, sometimes inappropriately in public. This sensation became worse on sitting or lying, 
while improved during walking or physical activity. It also resulted in superficial genital bleeding, sleep disturbance, 
sever irritability and impacted upon his quality of life negatively. Surgical, urological and dermatological 
consultations couldn’t explain such symptoms. Neurological examination did not show any worsening as compared 
to previous visits. Diagnosis of RGS was suspected. A rotigotine patch 2 mg daily had been prescribed. 
Results: Upon follow-up, he showed obvious improvement regarding severity , as well as frequency, of these 
attacks, with up to 3 weeks symptom-free periods in-between. At a later visit, unexpectedly, he showed a relapse of 
RGS symptoms, as the patient had run out of the patches few days ago. Improvement was regained back upon 
reusing the patches. 
Conclusions: It is important to keep RGS in mind –however rare- in any case with unexplained genital discomfort 
sensations. A dopamine agonist agent would be of benefit in relieving these symptoms. 
References: Camila C.A, Tiago M., Anthony E.L. Restless Genital Syndrome in Parkinson Disease. 
JAMANeurol.71(12):1559-1561,2014. 
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688 
Stiff Limb Syndrome Progressing to Stiff Man Syndrome in a non-diabetic man 
T. Ali, D. Ginjupally, Z. Guduru (Lexington, KY, USA) 
Objective: Stiff person syndrome is a rare CNS disorder characterized by fluctuating muscle rigidity of truncal and 
proximal limb muscles with superimposed painful spasms. Involved muscles most often include the paraspinal, 
abdominal, and occasionally proximal leg musculature. Most patients have anti-glutamic acid decarboxylase (GAD) 
antibodies in serum. 
Background: We present a case of non-diabetic man with stiff limb syndrome who progressed to stiff person 
syndrome. 
Methods: A 52-year-old male from the Congo presented with a 2-year history of stiffness of the right lower 
extremity and abdomen. He described progressive difficulty with ambulation, and over time required the use of a 
walker. He denied any associated pain, sensory disturbance, urinary or bowel symptoms. His family history was 
unremarkable. There was marked rigidity in both lower extremities, right greater than left. His reflexes were normal, 
and sensation was intact across all modalities. His gait was broad-based and cautious. His knee was notably rigid 
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without any degree of flexion while ambulating, and his toes remained curled. His abdominal muscles were stiff and 
prominent. 
Results: Laboratory testing for CBC, CMP, A1c, RPR, HTLVI/II, HIV, Vitamin B12, Vitamin E, Folate, and 
Creatine Kinase were all normal. His anti-Glutamic Acid Decarboxylase (GAD) antibody however was markedly 
elevated at greater than 50,000. HbA1c was in normal range. A CT abdomen and pelvis revealed no evidence of 
neoplastic disease. 
After initiation of diazepam 15mg/ day, his symptoms significantly improved and was able to walk without 
assistance, could flex at the knees, and participate in physical therapy. His toes, which were initially curled on the 
right foot had released, except at the great toe. 
Conclusions: We present a non-diabetic case of Stiff limb syndrome who progressed to stiff person syndrome with 
a high anti-GAD antibody level. Though the hallmark diagnostic sign remains the presence of hyperlordosis and co-
contractures of the abdominal wall and thoracic paraspinal muscles, our patient did not present with any of these 
features. There was a significant improvement with benzodiazepine. 
References: Dalakas MC, Fujii M, Li M, Lutfi B, Kyhos J, McElroy B. High dose intravenous immune globulin for 
stiff person syndrome. The New England Journal of Medicine; 2001; 345 Dalakas MC, Fujii M, Li M, McElroy B. 
The clinical spectrum of anti-GAD antibody -positive patients with stiff person syndrome. Neurology 2000; 55, 
1531-35 Barker RA, Revesz T, Thom A, Marsden CD, Brown P. Review of 23 patients affected by the stiff man 
syndrome: clinical subdivision into stiff trunk (man) syndrome, stiff limb syndrome, and progressive 
encephalomyelitis with rigidity. Journal of Neurology, Neurosurgery and Psychiatry. 1998. 65: 633-40. 
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690 
Swallowing Videoendoscopy in Patients with Parkinson’s Disease with Deep Brain Stimulation  
T. Alves, N. Oliveira, G. DIAFÉRIA, M. PALUMBO, M.G. Ghilardi, E. Fonoff, M. Padovani (São Paulo, Brazil) 
Objective: To characterize swallowing in patients with DBS, comparing ON and OFF stimulation state. 
Background: Swallowing dysfunction is a frequent complication of Parkinson’s disease (PD), specially seen on 
long-term follow-up.Besides its negative impact on quality of life, dysphagia is associated with high morbidity and 
mortality.Deep brain stimulation (DBS) is a recognized treatment for levodopa responsive motor symptoms in PD 
patients, however its effect on swallowing is poorly known. 
Methods: Longitudinal Study with 11 with PD (4 males, 7 females), Mean age 59 (±12,73) years , Time PD 16,45 
(±5,11) years, Stable in their medications and submitted to DBS treatment, 
Mean time of surgery 4,55 (±1,29) years. Presenting complaints of swallowing and indication of speech therapy. 
Evaluated on OFF medication/ON stimulation and OFF medication/OFF stimulation states Videoendoscopy of 
deglutition using liquid, thin liquid thickened, pasty (5 and 10ml) and solid 
Results: Videoendoscopy showed the existence of stasis in pyriform sinuses and valleculae for the sum of all 
consistencies in 30% of the patients with ON stimulation and 42% on OFF stimulation; there was posterior scape of 
food in 5% of patients on ON stimulation and 21% on OFF, penetration occurred in 11,6% with ON stimulation and 
27% with OFF stimulation. 
In the OFF stimulation state we observed 8% of silent tracheal aspiration. 
The pasty and solid presented the highest risk for dysphagia, 45% in ON and 64% in OFF stimulation, 27% of 
penetration with pasty and 45% in solids with OFF stimulation. The oxyhemoglobin saturation and heart rate did not 
change during the offers. 
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Conclusions: The results suggest that DBS continues to be an effective treatment for PD motor symptoms after 
almost 5 years of surgery. The swallowing is impaired both on ON and OFF conditions of DBS, but tends to be 
more pronounced in the OFF state of the stimulation. The main dysphagic manifestations were related to the 
voluntary phases of swallowing and increased consistency of food. Videoendoscopy of swallowing has been shown 
to be an effective instrument for the diagnosis of oropharyngeal dysphagia in patients with PD and DBS. 
References: Lim A, Leow L, Huckabee ML, Frampton C, Anderson T. A pilot study of respiration and swallowing 
integration in parkinson’s disease: ‘‘On’’ and ‘‘Off’’ levodopa. Dysphagia. 2008;23(1):76-81. Troche MS, Sapienza 
CM, Rosenbek JC. Effects of bolus consistency on timing and safety of swallow in patients with Parkinson’s 
disease. Dysphagia. 2008;23(1):26-32. Germano IM. Chronic deep brain stimulation: indications and techniques. In 
Neurosurgical treatment of movement disorders. Neurosurgical topics of AANS 1998;1:159-168. 
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Other: coping with parkinsons disease 

691 
Can people with Parkinson’s disease rely on their coping capacity over time? A longitudinal study using the 
Sense of Coherence (SOC) scale 
J. Andersson, G.-M. Hariz, L. Forsgren (Umeå, Sweden) 
Objective: To evaluate coping capacity of patients with Parkinson´s disease (PD) over 8 years of disease and 
investigate predictors for coping stability. 
Background: Patients with PD need to cope with the progressive symptoms of the disease and their consequences 
in daily life. In 1984 Lazarus described coping as cognitive and behavioral changes in response to internal and/or 
external demands that the person struggles to meet. In 1987 Antonovsky proposed a salutogenic model to guide 
health promotion, and developed the Sense of Coherence (SOC) scale with 13 items (SOC-13). SOC-13 is a tool to 
assess individuals ‘outlook on life’, and their ability to comprehend, manage and find meaning in their lives. SOC 
aims to conceptualize how some people despite considerable stress manage to stay well. Studies of persons living 
with medical conditions or disability have shown great variability in SOC’s stability across individuals. 
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Methods: Ninety-five PD patients (56 male) were assessed at baseline and at 1, 3, 5 and 8 years following 
diagnosis, using the SOC-13 scale, the motor part of the Unified Parkinson's Disease Rating Scale (UPDRS III) and 
the subscales dealing with ADL and cognition of the Parkinson's Disease Questionnaire (PDQ-39). The analyses 
were conducted under a linear mixed model framework. 
Results: There was a slight linear decrease in SOC-13 over 8 years (p=<0.001), which affected women more than 
men (p=0.009). When accounting for the effect of time, the scores of the UPDRS III and the scores related to 
cognition and ADL of the PDQ-39 significantly and negatively influenced SOC-13, (p=0.01, p<0.001 and p<0.001 
respectively). 
Conclusions: The coping capacity of patients with PD decreased linearly, albeit slightly, over 8 years of disease, 
and was influenced by motor symptoms, ADL performance, cognition and gender. Women showed a greater 
decrease of coping capacity than men. 
References: Lazarus RS. Stress, appraisal, and coping. Folkman S, editor. New York: New York : Springer; 1984. 
Antonovsky A. Unraveling the mystery of health : how people manage stress and stay well. 1. ed.. ed. San 
Francisco, Calif.: San Francisco, Calif. : Jossey-Bass; 1987. 
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Gender gap in scientific granting competitions in movement disorders – insights from a national Canadian 
funding agency 
S. Appel-Cresswell, P. Blanchet, J. Wysocki, R. Postuma (Vancouver, BC, Canada) 
Objective: To review the interaction of gender, career stage and application type with success rates in grant 
competitions at a National granting agency in movement disorders. 
Background: Despite efforts to boost gender equity in science, large gaps remain.(1) Here we present data from 
Parkinson Canada, a National funding agency to shine light on gender equity in the field of movement disorders. 
Parkinson Canada offers two annual competitions, the pilot project grant (PPG) and the New Investigator Award 
(NIA), focusing on the merit of the scientific project and on the research potential of early career investigators, 
respectively. Grants are reviewed by the same scientific panel for both streams. 
Methods: We reviewed grant applications for competitions from 2012 to 2018 for both competition streams, 
collecting data on gender of primary applicant, basic or clinical science stream and competition success as well as 
gender composition of the scientific review panel. 
Results: A total of 326 applications were submitted over the 7 year time frame, 220 by male, 106 by female 
researchers (see table 1). Overall success rates for applications by men were 62/220 (28·2%) and 21/106 (19·8%) for 
those by women. Basic science applications were more likely to be funded than clinical ones (53/167 (31·7%) vs. 
30/159 (18·9%), p=0·011). Men submitted more basic sciences applications ((men=60% basic, women=34% basic, 
OR=2·8,p<0·001). A logistic regression model revealed that basic science applications were more likely to be 
funded than clinical ones ((OR=1·91 (95%CI=1·12-3·25, p=0·018), without significant differences in gender or 
competition stream. When adjusting for basic and clinical sciences streams, gender-associated success rates were not 
significantly different in either competition (OR for females in PPG=0·67 (95%CI=0·34-1·30) vs. NIA=1·26 
(95%CI=0·37-4·25). The scientific board had 15/104 (14%) female and 89/104 (86%)(p<0·001) male members over 
the 7 years. 
Conclusions: Women were significantly underrepresented in overall grant submissions, basic science submissions 
and scientific review board membership. Of note, evaluations of research potential in early career (NIA competition) 
did not differ between men and women. Gender gaps affect the field of movement disorders and require the 
collective attention of our scientific community. 
References: Witteman HO, Hendricks M, Straus S, Tannenbaum C. Are gender gaps due to evaluations of the 
applicant or the science? A natural experiment at a national funding agency. Lancet. 2019 Feb 9;393(10171):531–
40. 
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Botulinum toxin treatment of muscle spasms in a case of Satoyoshi syndrome 
I. Bledsoe (San Francisco, CA, USA) 
Objective: To describe improvement in muscle spasms of the jaw and upper limb associated with Satoyoshi 
syndrome using botulinum toxin injections. 
Background: Satoyoshi syndrome is a rare disorder of presumed autoimmune origin that typically presents with 
muscle spasms, alopecia, endocrinopathy, and diarrhea. Muscle spasms can be severe and painful. Improvement in 
muscle spasms and other symptoms has been previously reported with immunomodulatory therapies, including 
steroids, IVIG, and plasmapheresis.[1, 2] There is one prior report of botulinum toxin injections to target muscle 
spasms in oromandibular muscles in a patient with Satoyoshi syndrome,[3] but there are no reports of its use to 
target muscle spasms in the limbs in this setting. 
Methods: A 25 year-old woman with a diagnosis of Satoyoshi syndrome was seen for painful muscle spasms 
affecting her jaw, legs, and arms. She had symptom onset at age 11 with painful muscle spasms in her limbs. Muscle 
spasms of shoulder girdle muscles had been severe enough to cause dislocation of the right shoulder on multiple 
occasions. She received a clinical diagnosis of Satoyoshi syndrome after developing alopecia, diarrhea, and 
secondary amenorrhea, and after exhaustive clinical investigation to rule out other causes, including muscle biopsy, 
electrodiagnostic testing, and whole exome sequencing. She had no clinical response to multiple immunomodulatory 
therapies including steroids, IVIG, plasmapheresis, methotrexate, and tacrolimus. On exam she had normal tone and 
full power of all muscle groups to confrontational testing. Upon opening her jaw, she developed muscle spasms 
resulting in involuntary jaw clenching and side to side movements. When abducting either shoulder she developed 
intermittent spontaneous activation of multiple shoulder girdle muscles with a rippling and flickering appearance, at 
times forceful enough to move the limb and cause irregular jerking movements. 
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Results: Botulinum toxin injections using onabotulinumtoxinA were administered to bilateral masseters, temporalis, 
and deltoid muscles, and to the right pectoralis. After two years of injections every 3 months, she has experienced 
significant and sustained improvement in unwanted jaw and limb movements without notable adverse effects. 
Conclusions: Botulinum toxin injections may be a useful adjunctive therapy to consider in patients with Satoyoshi 
syndrome with muscle spasms that are refractory to immunomodulatory therapies. 
References: [1] Heger S, Kuester RM, Volk R, Stephani U, Sippell WG. Satoyoshi syndrome: a rare multisystemic 
disorder requiring systemic and symptomatic treatment. Brain Dev 2006;28(5):300-304. [2] Montanaro VV, Hora 
TF, Couto CM, Ribas FD. Adult-onset Satoyoshi syndrome in a young male. Neuromuscul Disord 2017;27(4):382-
384. [3] Merello M, Garcia H, Nogues M, Leiguarda R. Masticatory muscle spasm in a non-Japanese patient with 
Satoyoshi syndrome successfully treated with botulinum toxin. Mov Disord 1994;9(1):104-105. 

Other: Movement disorders and cerebrovascular diseases. 
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Post-stroke movement disorders: an analysis of 24 cases 
M. Burzhunova, N. Garabova, L. Geraskina (Moscow, Russian Federation) 
Objective: To define prevalence of post-stroke movement disorders and correlate their clinical presentation with 
infarct localisation. 
Background: Stroke related movement disorders are rare, they can present acutely or can develop later. This study 
present prevalence of post-stroke movement disorders (PSMD),their clinical presentation and association with 
anatomical localisation of the lesion. 
Methods: 1300 post-stroke patients between 2016 and 2018 were analysed. 24 of them developed  movement 
disorders after stroke. Their data were reviewed.  PSMD clinical features were correlated with  lesion 
topography  investigated with magnetic resonance imaging (MRI). 
Results: 1,85 % (24) patients with mean age 67,5 (49-82) ) of 1300 stroke patient developed PSMD. 51,7%(11Our ) 
men and  58,3%(13) woman. Onset of movement disorders varies from 3rd day  up  to 8 month after stroke. 
Transient and mostly persistent dystonia  developed in 37,5%(9) patients and was associated in 66,7,% (6) with 
striatum and in 33,3%(3) with thalamic lesions. Transient chorea developed in 29,15% (7) and was associated in 
85,7% (6)with striatum/ striatocapsular and 14,3%(1) thalamic lesions. Persistent resting-postural-kinetic tremor 
present in 20,85%(5) patients  after thalamic (80%)  and  frontal lobe (20%)stroke. Two patients developed restless 
leg syndrome after striatocapsular infacts and 1 patient present with transient eye and face myokimia  after pontine 
infarcts. 
Conclusions: According to our study PSMD are rare (1,85%) complication of stroke. Our data show prevalence of 
hyperkinetic movement disorders after stroke, with the most common presentation as dystonia ,transient chorea and 
resting-postural-kinetic tremor. Dystonia developed mostly due to striatal and thalamic lesion, transient chorea due 
to striatal/striatocapsular infarcts and tremor was associated mostly  with thalamic and very rarely cortical 
lesion.Restless leg syndrome and transient myokimia are rare PSMD and can present after striatocapsular and 
pontine infarcts respectively. 

Other: End of life care in Parkinson's disease 
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Use of syringe driver in End of Life Care in Parkinson’s Disease (PD) 
N. Butt, M. Khwaja, A. Chatterjee (Reading, United Kingdom) 
Objective: To evaluate our current practice in the use of syringe drivers in End of Life Care in Parkinson’s Disease. 
Background: Palliative care in advanced Parkinson's disease (PD) recognises the need to move from attempting to 
control function to affording comfort measures.1 For patients unable to swallow in the terminal stage, medication 
can be administered subcutaneously as needed or continuously using a syringe driver.2 If necessary medication can 
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be given for specific symptoms such as: 
-Morphine for pain 
-Hyoscine butylbromide for drooling or chesty secretions 
-Cyclizine,ondansetron and levopemromazine  for nausea or vomiting.  
Although there is lack of robust national guidance on choice of medications to be used in End of Life Care in 
Parkinson’s Disease, there is consensus on avoiding the use of certain medications in PD such as Haloperidol and 
metoclopramide due to risk of worsening of Extrapyramidal Symptoms (EPS) and QT interval prolongation.3 
Methods: Parkinson’s patients who had passed away in hospital between 1st January and 31st December 2017 were 
identified by Medical Informatics. Data on demographics, review by Hospital Palliative Care team, use of syringe 
driver and ‘just in case medications’ was collected on a proforma. Information was gathered from clinical notes and 
Electronic patient records. 
Results: A total of 38 patients (33 males) were identified with an age range of 61-95 years (average 80.5 years) .The 
range of Parkinson’s duration was 1-18 years (average 7 years). 28/30(73%) were reviewed by the hospital palliative 
care team and End of Life Care Pathway was commenced in 25/38 (65%) patients. Total number of patients 
commenced on syringe driver was 25/38 (65.8%).The breakdown of contents of the syringe driver is shown in table 
1. 4/38(10.5%) of patients achieved symptom control with  medications as required whilst  9/38(23.7%) did not 
require any palliative medications. 
Conclusions: Choice of medications in End of Life Care in Parkinson’s Disease requires careful understanding of 
drug interactions and side effects. In our patient cohort, morphine and midazolam are the drugs of choice for optimal 
symptoms control. There was over all good practice in recognition of medications (to avoid haloperidol and 
metoclopramide) in syringe drivers for such patients. 
References: 1-http://www.clinmed.rcpjournal.org/content/10/3/290.full?related-
urls=yes&legid=clinmedicine;10/3/290 2-BNF Prescribing in Palliative Care London BNF 2009 
https://bnf.nice.org.uk/guidance/prescribing-in-palliative-care.html 3- Anticipatory prescribing of ‘Just in Case’ 
medication for symptom control in the last days of life in adult community palliative care patients STANDARD 
OPERATING PROCEDURE AND CLINICAL GUIDELINES FOR BRISTOL, NORTH SOMERSET AND 
SOUTH GLOUCESTERSHIRE;13/01/2014 
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Factors Influencing Decision-Making About End of Life Care in Patients With Parkinson's Disease and Their 
Family Members 
R. Bužgová, R. Kozáková, M. Bar, M. Škutová, P. Ressner, P. Bártová (Ostrava, Czech Republic) 
Objective: The aim of the research was to determine factors influencing decision-making about end of life care in 
patients with Parkinson´s disease (PD) and their family members. 
Background: At the present there is an increasing effort to link palliative and neurological care [1] and to start so-
called early palliative care, when there is still time,  before the advanced stage of the disease, to discuss  with the 
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patient the prognosis, the development of an end-of-life care plan, and the possibility of previously expressed 
wishes. 
Methods: The factors influencing decision-making were assessed with APND-EOLC questionnaire (The Attitudes 
of Patients with PND to End-of- Life Care) – area II (2 domains: trust in the doctor/treatment, trust in social 
support). A scale determining factors influencing decision-making regarding life-saving treatment - seven items with 
a ten-point scale was used: 1 (not at all) – 10 (to a great extent). The sample consisted of 134 participants, patients 
with PD (mean age: 71.4 year) and their family members (mean age: 60.3 year). 
Results: The factors influencing decision making about life-saving treatment were assessed differently by patients 
and family members. Statistically significant difference (p=0.0006) was found in the evaluation of the domain 
“Trust in the doctor/treatment” by patients (mean=70.1, SD=22.7) and family members (mean = 78.3, SD = 21.2). 
Family members would more often delegate decisions about life-saving treatment to doctors and hoped for life 
prolonging treatment more often than patients. Single and divorced family members more often reported to trust the 
doctor/treatment than married ones (p=0.044). A weak correlation was found between the evaluation of the domain 
“Trust in the doctor/treatment” and total QoL (r=0.283, p<0.021) in the group of patients and also in the group of 
family members (r=0.359, p=0.001). Using simple regressive analysis the evaluation of QoL was proved to be a 
predictor of the trust in the doctor/treatment when making decision about life-saving treatment (R=0.293, R2=0.078, 
t=3,270, p=0.001). 
Conclusions: The factors influencing decision making about life-saving treatment were different in patients with 
and family members. Only marital status and evaluation of QoL were found to be significant factors. 
References: 1. Oliver, D.J., Borasio, G.D., Caraceni, A. A consensus review on the development of palliative care 
for patients with chronic and progressive neurological disease. European Journal of Neurology. 2016;23:30-38. 

Other: Speech in Parkinson's disease 

697 
The effect of levodopa on speech in advanced Parkinson’s Disease: acoustic analysis and correlation with 
motor features and dyskinesia 
F. Cavallieri, C. Budriesi, A. Gessani, V. Fioravanti, E. Menozzi, S. Contardi, F. Valzania, F. Antonelli (Reggio 
Emilia, Italy) 
Objective: Analyse the effects of levodopa on speech and its possible relationship with motor features and 
dyskinesias in a group of advanced Parkinson’s disease (PD) patients. 
Background: Speech changes can be very disabling symptoms in PD patients in particular in the advanced stage of 
the disease. Unfortunately, the effect of levodopa on speech varies greatly, depending on the existing speech and 
clinical profile of individual patients. 
Methods: We retrospectively evaluated data from 50 PD patients admitted to our department for a preoperative 
evaluation for Subtalamic Nucleus Deep Brain Stimulation. Disease severity was assessed using the Unified 
Parkinson's Disease Rating Scale (UPDRS) scores and subscores in the ON-state and OFF-state. L-dopa 
responsiveness was evaluated with a drug-challenge test and ON-state dyskinesias were assessed with the Clinical 
Dyskinesia Rating Scale (CDRS). Each patient was evaluated ON and OFF-state and performed the following 
speech tasks: monologue, diadochokinesis, reading of a passage and sustained phonation. A perceptual and acoustic 
analysis was performed using a standardized protocol and 13 parameters were evaluated, applying PRAAT, a free 
software for the analysis of speech, for the acoustical part. Statistical analysis was performed using Pearson 
correlation coefficient and paired t test. 
Results: The severity of speech impairment, expressed by the item 18 of the UPDRS Part III (speech subscore) in 
the OFF-state, correlated negatively with the OFF-state maximum phonation time (p= 0,0296, r-value: -0,3080) and 
the ON-state mean intensity of sustained phonation (p= 0,0340, r-value: -0,3100). In the ON-state, UPDRS speech 
subscore correlated positively with the Shimmer Local dB (p= 0,0129, r-value: 0,3720). Furthermore, we found a 
positive correlation between the ON-state UPDRS axial subscore and ON-state speech mean frequency (p= 0.0055, 
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r-value: 0.4114). The total CDRS score and the CDRS subscore related to axial (face, neck and trunk) dyskinesias 
strongly correlated with the ON-state Shimmer Local dB (p= 0.0141, r-value: 0.3677; p= 0.0030, r-value: 0.4369 
respectively). 
Conclusions: Our data confirm that the intensity and location of ON-state dyskinesias could negatively influence 
the ON-state speech quality in PD, with axial dyskinesia that could negatively influence the pneumo-phono-
articulatory system. 
References: 1: Ho AK, Bradshaw JL, Iansek R. For better or worse: The effect of levodopa on speech in Parkinson's 
disease. Mov Disord. 2008 Mar 15;23(4):574-580. 2: Defer GL, Widner H, Marié RM, Rémy P, Levivier M. Core 
assessment program for surgical interventional therapies in Parkinson's disease (CAPSIT‐PD). Mov Disord 
1999;14:572–584. 3: Fahn S, Elton RL, UPDRS program members. Unified Parkinsons. Disease Rating Scale. In: 
Fahn S, Marsden CD, Goldstein M,. Calne DB, editors. Recent developments in Parkinsons disease, vol. 2. Florham 
Park, NJ: Macmillan Healthcare Information; 1987. p. 153–163. 4: Hagell P, Widner H. Clinical rating of 
dyskinesias in Parkinson's disease: use and reliability of a new rating scale. Mov Disord. 1999;14:448-455. Similar 
poster presented at the XXIII World Congress on Parkinson’s Disease and Related Disorders, August 19 –22 2018; 
Lyon, France. Abstract also submitted to the 5th Congress of LIMPE-DISMOV Academy, May 22-24 2019; 
Catania, Italy. (acceptance pending) 
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Movement disorders associated with autoimmune encephalitis 
A. Chouksey, S. Pandey (New Delhi, India) 
Objective: We aim to highlight the spectrum of movement disorders in patients of autoimmune encephalitis (AE) 
diagnosed at our tertiary care center and describe their clinical symptoms, diagnostic approach, treatment and 
outcome. 
Background: Autoimmune encephalitis constitutes an important treatable cause of movement disorders.1Increasing 
awareness and ease of antibody testing has led to a rise in number of patients being diagnosed with AE. However, 
the diversity of clinical presentation still serves as a barrier for the early diagnosis and treatment of the patients.2 
Methods: We evaluated nine patients who presented with movement disorders in association with AE at our tertiary 
care center. All patients were treated as per the standard protocol.1 
Results: There were 9 patients of AE who presented with movement disorders. Different movement disorders were 
observed in these patients, most common being cerebellar ataxia, which was present in 4 patients. These patients had 
antibodies against GAD-65, Yo, LGI-1 and opsoclonus myoclonus syndrome (OMS). Other movements observed 
included asterixis in Hashimoto’s encephalitis patient, polyminimyoclonus and myokymia in patient with anti-
CASPR 2, orofacial dyskinesia,left hand dystonia, stereotypy and  left striatal toe in NMDAR encephalitis patient 
and  parkinsonism with postural tremors of hands in patients with anti-LGI 1 (Table 1). Out of the 9 patients, 5 had 
single type of movement disorder while rest 4 had more than one type of movement disorders. Among these nine 
patients, antibodies were detected against LGI-1 in 2 patients, GAD, CASPR- 2, SOX-1, Yo, NMDAR and TPO/TG 
each in one patient. One patient was diagnosed with OMS associated with neuroblastic tumour. Fivepatients 
responded well to single first-line immunotherapy (IVIg or steroid) while one responded partially to single first line 
therapy. One patient with NMDAR antibodies did not respond to steroids and PLEX. Then she received second line 
therapy consisting of rituximab. Relapse occurred in 3 of our patients. 
Conclusions: Movement disorder is one of the most consistent feature of AE. Understanding of the ever-expanding 
spectrum of antibodies associated with movement disorders helps in the better management of such patients as 
reflected by the substantial proportion of patients diagnosed with AE associated movement disorders and 
successfully treated at our institution. 
References: 1. Dash, D., and Pandey, S., Movement disorders associated with neuronal antibodies. Acta 
Neurologica Scandinavica. 2019;139:106 –117 2. Graus, F., Titulaer, M. J., Balu, R., Benseler, S., Bien, C. G., 
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Cellucci et al. A clinical approach to diagnosis of autoimmune encephalitis. The Lancet Neurology. 2016;15(4):391– 
404. 
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Movement Disorders in Post Stroke Patients: A Retrospective Analysis 
M. Christie, V. Laticevschi, R. Mehanna (Houston, TX, USA) 
Objective: To review the prevalence of various movement disorders in post stroke patients at a tertiary, academic 
center and to characterize the therapeutic response to various treatments in those patients. 
Background: Movement disorders have been noted in patients post stroke, however there is limited information 
regarding the prevalence of various post-stroke movement disorders and their response to potential treatments. 
Methods: We retrospectively reviewed the charts of patients seen in both the stroke and movement disorder clinics 
at our academic center. 147 cases were reviewed, and 30 were found to have a movement disorder that developed 
post stroke. We reviewed the type of movement disorder, mean latency between time of stroke and movement 
disorder onset, as well as the response to treatment in various movement disorders. 
Results: Of the 30 patients reviewed, parkinsonism was noted in 60%, tremor in 23.3%, ataxia in 6.7%, and 
myoclonus, dystonia, and restless leg syndrome were each noted in 3.3%. The mean latency from stroke to 
movement disorder onset was 0.61 years. Of the patient’s with parkinsonism, 16/18 were tried on either carbidopa-
levodopa and/or a dopamine agonist, with 87.5% showing benefit to treatment. There were 11 parkinsonism patients 
tried on carbidopa-levodopa, with 81.8% demonstrating benefit. A dopamine agonist was tried in 2 of the 
parkinsonism patients, with both noting benefit). A combination of carbidopa-levodopa and dopamine agonist was 
tried in 3 parkinsonism patients, with all noting benefit. The tremor group patients were tried on various therapies, 
however each respective patient tried on primidone, topiramate, or implanted with DBS showed improvement. 
Conclusions: Post stroke movement disorders were seen in post stroke patients, with a mean latency of 0.61 years. 
The largest subgroup in this study was patients with parkinsonism, in which 87.5% of patients showed improvement 
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with carbidopa-levodopa and/or dopamine agonist therapy. Patients in the tremor group started on medical therapy 
or implanted with DBS also showed improvement. 

Other: Markers for Parkinson’s Disease  
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Rhythmic disorders in idiopathic RBD: a potential new marker for future PD? 
V. Cochen DeCOCK, D. Verbizier, C. Geny, S. Dalla Bella (Montpellier, France) 
Objective: The aim of our study is to compare rhythmic skills in patients with idiopathic REM sleep behaviour 
disorder (IRBD), healthy controls, and patients with Parkinson’s disease PD and to identify potential rhythmic 
markers related with other early markers of PD. 
Background: The development of neuroprotective drugs in PD increases the need for early markers of the disease. 
At prodromal stage, IRBD seems to be the most robust predictor for PD. However, this sleep disorder is not present 
in all patients. Other markers such as olfactory deficits, visual changes, and autonomic and depressive symptoms 
exist but lack specificity. 
Patients with PD suffer from timing distortions in the perception and production of rhythmic events. These rhythmic 
skills abnormalities are easy to detect with a rhythmic test, implemented on a tablet application. 
Methods: Demographic and clinical characteristics, rhythmic skills, depressive symptoms and olfaction measures 
were compared in 21 patients with IRBD, 38 patients with Parkinson’s disease and 38 control subjects matched for 
age and sex and educational level. Patients with IRBD also had dopamine transporter imagery. 
Results: Subjects with IRBD tapped faster and with greater variability at unpaced tapping and at tapping with 
music, and had impaired anisochrony detection with music compared to controls. They did not differ from patients 
with PD. Unpaced tapping variability was correlated with olfaction and dopamine uptake measures. 
Conclusions: There is evidence of rhythmic disorders in subjects with IRBD; this impairment is correlated with 
other early markers for PD. Testing rhythmic skills with simple and inexpensive tasks may be promising for 
screening for potential future PD. 
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Movement disorders as a clinical feature of Subacute Sclerosing Pan Encephalitis: Expansion of phenotypic 
spectrum 
D. DASH, M. Tripathi, R. Singh (DELHI, India) 
Objective: To study the frequency of movement Disorders(MD) in patients with Subacute Sclerosing Pan 
Encephalitis (SSPE). 
To describe the various type of MD in patients with SSPE 
To correlate imaging findings with the phenomenology of MD 
Background: Subacute sclerosing panencephalitis (SSPE) is a rare, progressive complication of measles 
characterized by cognitive and motor deterioration, with death typically occurring within 1–3 years of symptom 
onset. Movement disorders are rarely part of the clinical features of patients with SSPE. We report 13 patients of 
SSPE who presented with movement disorders along with cognitive dysfunction in our centre. We studied the 
movement disorder phenomenology, clinical features, radiological features, treatment given in these 13 patients 
Methods: We prospectively screened consecutive patients with diagnosis of SSPE from our clinic and completed 
detailed history and examination over a period of six months. Of the 106 patients, 13 patients had movement 
disorders as a part of their clinical presentation. We recorded video of these patients and staged each patient 
according to Jabbour staging. We also recorded the various movement disorders encountered in structured proforma. 
We also evaluated the EEG findings and Neuroimaging findings and tried to correlate it with the type of movement 
disorder. 
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Results: The mean age of patients ranged from 7-17 years with mean age of 12.88 ± 0.992 years. There were 8 
males and 5 females. Of the 13 patients, 12 had myoclonus, 8 had dystonia, 5 had Parkinsonism, 4 had tremor and 2 
had stereotypies. When Jabbour staging was applied 3 were in stage 1, 4 in stage 3 and rest in stage 2.All the 
patients were given intrathecal α-interferon whereas 5 patients also were on Isosprinosine. Four of the five patients 
who had Parkinsonism had frontal white matter signal changes on MRI brain. Symptomatic treatment in the form of 
levodopa, trihexiphenydyl, levetiracetam was also given to patients. 
Conclusions: Movement disorders can be an important clinical feature of patients with SSPE. Movement disorder 
specialists should keep a possibility of this devastating disorder in patients presenting with rapid cognitive decline 
along with movement disorders. 

Other: Risk/Protective factors 
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Investigation into the causes of reduced caffeine levels in Parkinson's disease 
M.I. De Bartolo, G. Leodori, A. Fabbrini, M. Costanzo, D. Belvisi, A. Conte, S. Manetto, A. Ciogli, C. Villani, A. 
Berardelli, G. Fabbrini (Rome, Italy) 
Objective: To find out whether PD patients show decreased salivary caffeine levels; to investigate CYP1A2-
phenotype and caffeine absorption as possible causes of decreased caffeine levels in PD patients. 
Background: Caffeine has a protective role in Parkinson’s disease (PD). One study showed decreased caffeine 
blood levels in PD patients compared to healthy subjects (HS)[1], even when controlled for caffeine assumption and 
CYP1A2 genotype, the enzyme responsible for 95% of caffeine metabolism. Beside genetic polymorphism, 
CYP1A2 functioning (i.e. phenotype) is influenced by exogenous and endogenous factors[2]. Caffeine levels can be 
accurately quantified in saliva. 
Methods: We enrolled 26 HS (age: 59.7±6.3), 26 early (64.1±8.2), and 16 moderate/advanced (age: 68.9±8.3) PD 
patients. Daily caffeine intake was recorded. Caffeine and its major metabolite paraxanthine were measured by high-
performance liquid chromatography in saliva samples collected before (T0) and 4 hours after (T1) oral intake of 
100mg caffeine. CYP1A2-phenotype was calculated as the paraxanthine/caffeine ratio at T1. Caffeine absorption 
was calculated as the difference in caffeine levels between T1 and T0. 
Results: Caffeine intake was similar between groups. When compared to HS, moderate/advanced PD patients 
showed lower caffeine levels, while early PD did not. PD patients and HS showed similar CYP1A2-phenotype. PD 
patients showed lower values of caffeine absorption when compared to HS, but this difference reached statistical 
significance only for early patients. 
Conclusions: Salivary levels of caffeine were decreased in patients with moderate/advanced PD and unrelated to 
caffeine intake. Caffeine metabolism is not different between PD patients and HS. PD patients showed decreased 
caffeine absorption especially in the early stage of the disease. Our results shed light on a possible mechanism 
contributing to PD pathogenesis. 
References: 1. Fujimaki M, et al., 2018. Serum caffeine and metabolites are reliable biomarkers of early Parkinson 
disease | Neurology 90, 5:404–11. 2. Gunes A, et al., 2008. Variation in CYP1A2 activity and its clinical 
implications: influence of environmental factors and genetic polymorphisms. Pharmacogenomics, 9:625–37. 

Other: Synucleinopathies 

703 
High Content Screening of synucleinopathy in primary cortical neurons : dissecting out the interplay between 
the basic synuclein pools 
F. De Giorgi, E. Bezard, F. Ichas (Bordeaux, France) 
Objective: To set up a robust (see ref 1 for definition)  96-well High Content Screening assay of synucleinopathy in 
primary cultures of cortical neurons. 
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Background: The initiation and spread of synucleinopathy in primary cultures of cortical neurons can be achieved 
by treating the latter with preformed  fibrillar assemblies of recombinant synuclein (PFFs) and appreciated by 
immunofluorescence (IF)  imaging. However, several  barriers have slowed the adoption of this type of assay for 
screening purposes: (i)  the ease and reliability of the isolation and culture protocols capable to insure long term 
survival (>21 DIV) of primary cortical neurons in a 96 well culture format, (ii) the batch-to-batch variability of 
artificial recombinant PFFs in terms of bioactivity, (iii) the relative lack of characterization of the anti-synuclein 
antibodies for a specific use in non-denaturing conditions such as IF imaging, and (iv) the absence of dedicated 
image analysis routines best serving the characterization of synucleinopathy in 2D neuronal cultures. 
Methods: We worked at raising specifically these 4 barriers by designing novel standard operating procedures and 
came up with a standardized assay system exploiting automation. 
Results: The base High Content Screening assay was developped for WT mouse cortical neurons cultured in 96 well 
plates and challenged with specific human recombinant synuclein PFFs batches. In a first phase, the extent 
of  synucleinopathy was quantified by imaging  phosphorylated synuclein at S129. This assay was characteriez by a 
Z’ factor >0.5, and was thus  succesfully generalized to the other  key basic synuclein pools (unstructured and alpha-
hecial monomeric,  alpha-helical multimeric, and beta-strand oligomeric & fibrillar), as well as the the study of the 
uptake and fate kinetics of the added PFFs. The assay was also successfully transposed to primary cortical cultures 
of transgenic mice and to primary cortical cultures transduced  using AAV infections. 
Conclusions: These different assays can be routinely used to characterize the bioactivity of test-compounds. 
References: 1- A Simple Statistical Parameter for Use in Evaluation and Validation of High Throughput Screening 
Assays (1999) Zhang JH, Chung TD, Oldenburg KR. J Biomol Screen. 4(2):67-73. 

Other: Neuroinflammation 

704 
A Study of Microglial Metabolism in Neuroinflammation 
T. Domenick, B. Cyr, R. Yost, M. Okun, V. Vedam-Mai (Gainesville, FL, USA) 
Objective: Targeting of microglial metabolism may be a potential therapeutic option for diseases such as PD 
[Parkinson’s Disease] and LBD [Lewy Body Dementia]. To establish the metabolic profile of neurotoxic and 
neuroprotective microglial cells [SIM-A9] using mass spectrometry. This investigation will further our 
understanding of how metabolic changes in immune cells affect the immune response. 
Background: Microglia are resident innate immune cells of the brain, with multi-faceted functions including 
synapse pruning, removing dead cells and initiating immune responses. Microglia are immunosuppressive during 
homeostasis and have a classic branched morphology, while upon activation these cells become phagocytic, and 
have an amoeboid morphology. However, these states are highly plastic and interchangeable. Microglia have been 
implicated in several neurodegenerative diseases, and particularly in PD, they are thought to be consistently in an 
activated state, and thus contribute to neuroinflammation. However, very little is known about microglial 
bioenergetics. 
Methods: Microglial cells were plated into 4-well chamber slides to allow for the formation of a monolayer of cells. 
Prior to analysis, the culture media was removed and the wells were briefly washed. A liquid microjunction surface 
sampling probe was used to directly extract analytes from the surface of adherent cells by performing continuous 
spot sampling in three different regions of each well for 1 minute.  Extracts were run on a Thermo Scientific Q-
Exactive mass spectrometer for and exact mass values were compared to the Human Metabolome Database to 
identify intracellular metabolites and lipids. 
Results: Several lipids were identified from the phospholipid region of the spectrum, which corresponded to several 
different lipid classes, including ceramides d18:1_16:0 and d18:1_18:0. Ceramides are of specific interest as they 
have been implicated in PD and are linked to cognition and dementia. 
Conclusions: Immunology is a fast growing area of potential therapeutic value in neurodegenerative diseases. 
Microglia can be crucial players for the treatment of diseases such as PD and LBD, and targeting their metabolism 
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in order to change phenotype is central to this objective. It is therefore important to understand microglial 
metabolism in order to optimize immunotherapies for neurodegenerative diseases. 

Other: Automated interventions 

705 
A review of interactive voice response systems in Parkinson’s Disease 
J. Domingues, T. Guerreiro, D. Branco, A. Rodrigues, R. Bouça-Machado, J. Ferreira (Aveiro, Portugal) 
Objective: The objective of this literature revision is to review and analyze the current research on the uses of 
Interactive Voice Response Systems (IVRS) in Parkinson Disease (PD), besides randomization in clinical trials. 
Background: Interactive voice response is a phone-based platform that can be used to deliver health interventions 
with promising results in several medical conditions. 
Methods: A literature search of the PubMed database was conducted. Studies were included if they met inclusion 
criteria: (1) IVRS having been used in PD patients; and (2) IVRS not used for randomization in clinical trials. 
Results: Sixty-nine studies were identified; two met inclusion criteria and were analyzed. None was a randomized 
controlled trial. 
Conclusions: This review provides evidence that despite the documented effectiveness of automated telephone 
communication systems for managing long-term conditions and improve clinical outcomes, IVRS are yet to be 
explored in PD. Future studies should usefully test the feasibility, effectiveness and cost-effectiveness of IVR-based 
interventions for different health settings in PD, using rigorous designs and objective outcome measures. 

Other: Technology 

706 
Identifying In-Clinic Wearable Sensor Features that Predict Parkinson’s Disease Severity 
A. Dowling, A. Mirelman, J. Hausdorff, M. Sela, O. Assais, N. Giladi, J. Cedarbaum (Cambridge, MA, USA) 
Objective: To identify features from wearable sensors that can predict disease severity as measured by the MDS-
UPDRS. 
Background: Wearable sensors can provide quantitative assessments of gait and posture in patients with 
Parkinson’s disease (PD). Measurements from these sensors enable a more granular assessment of disease symptoms 
and can be related to MDS-UPDRS sub-scores; however, the reliability of these relationships is not clear [1]. 
Machine learning has been applied to wearable sensor features to identify and assess PD severity [1]. 
Methods: 164 PD patients (age: 64.6±10.1, male: 113, H&Y: 1.7±0.59, MDS-UPDRS III: 22.5±11.2 during ON 
state) completed an in-clinic 1-minute walking test at their self-selected pace and postural sway task (standing 
stationary with feet together for 30 seconds with eyes open) while wearing 5 sensors (ADPM, Inc) containing a 3D 
accelerometer and 3D gyroscope on their wrists, shanks, and lumbar spine [2]. 22 feature selection algorithms were 
used to identify a subset of gait and posture features (from a total of 47 sway and 59 gait features) that best predicted 
selected relevant MDS-UPDRS sub-scores as a reference standard for PD severity (3.10 Gait, 3.11 Freezing of Gait; 
3.12 Postural Stability, 3.13 Posture). 10-fold cross-validation was performed for each algorithm using a Random 
Forest classifier compared to the selected MDS-UPDRS sub-scores to identify a set of most relevant features. Each 
feature set was then tested with 25 machine learning classification models. Feature sets with at least 75% 
classification accuracy after a 10-fold cross validation were included in the analysis. 
Results: When comparing walking to MDS-UPDRS subscore 3.11, stride length was the most commonly selected 
feature, followed by gait speed (both average and coefficient of variation), and cadence. For postural sway compared 
to 3.12, anterior-posterior jerk and total normalized jerk were the most common features, followed by total sway 
area, and then average anterior-posterior velocity and path. Sub-scores 3.10 and 3.13 did not produce any feature 
sets above 75% accuracy. 
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Conclusions: Features extracted from wearable sensors during walking and postural sway were sensitive to PD 
severity as measured by MDS-UPDRS. The findings highlight the potential of including quantitative gait and 
postural control assessments using wearable sensors in future clinical trials to make predictions of a patient’s PD 
severity. 
References: [1] Ramdhani RA, Khojandi A, Shylo O, Kopell BH. Optimizing Clinical Assessments in Parkinson's 
Disease Through the Use of Wearable Sensors and Data Driven Modeling. Front Comput Neurosci. 2018; 12:72. [2] 
Mancini M, Horak FB. Potential of APDM mobility lab for the monitoring of the progression of Parkinson's disease. 
Expert Rev Med Devices. 2016; 13: 455-62. 

Other: Cerebral palsy 

707 
Cerebral palsy masqueraders in an adult movement disorder tertiary centre: when to investigate an 
alternative diagnosis? 
S. Duarte, R. Martins, M. Magalhães (Porto, Portugal) 
Objective: Revisit cerebral palsy (CP) cases referred to an adult movement disorder tertiary centre. 
Background: CP is an umbrella term that defines a group of non-progressive neurological disorders caused by a 
brain injury or malformation that occurs while the child's brain is under development. A number of slowly 
progressive neurodegenerative metabolic and genetic disorders are likely to be misdiagnosed as CP. The correct 
diagnosis, as early as possible, is important because: some may be treatable; family can be provided with more 
accurate information regarding the prognosis; and finally, genetic counselling may be offered, including, where 
appropriate, prenatal testing. 
Methods: From a database of 5236 patients, we selected 92 patients diagnosed with CP. We excluded preterm 
patients without MRI, with MRI findings specific of CP, without recent follow-up (≥ 5 years) or without 
computerized data. We identified 20 patients. The clinical features, brain image and alternative diagnosis were 
revisited. 
Results: In 12 of the 20 patients, the diagnosis was reformulated. Five have been classified as dyskinetic type, 2 as 
spastic and 5 as mixed. Eleven patients have some mental retardation and 3 epilepsy. MRI was described as normal 
in 5, as non-characteristic of CP in 6 and as having typical findings of CP in one patient. Seven of 12 patients have 
positive family history (58.3%). The list of diseases identified were diverse: Aicardi-Goutières syndrome (4), SPG11 
(1), DYT12 (1), Leigh syndrome (1), variant in GNAO1 gene (1), Sjögren-Larsson syndrome(1), Pelizaeus-
Merzbacher disease (1), variant in SPR gene (1), chromosomopathy (1). 
Eight patients, 3 with history of perinatal anoxia, persist without an alternative diagnosis, despite the normality of 
the MRI. The majority are women (5/8) and the mean current age is 34.5 years. Seven are classified as having the 
dyskinetic type of CP. Three have associated mental retardation and one has epilepsy. 
Conclusions: We highlight the importance of identifying CP masqueraders, having in mind its therapeutic, 
prognostic and genetic counselling implications. We identify as possible clues to proceed investigation the existence 
of pure dyskinetic forms, positive family history and the non-existence of MRI signs of perinatal distress or 
prematurity. We consider the presence of associated features as mental retardation or epilepsy a confounding factor. 
References: [1] Takezawa Y et al. Genomic analysis identifies masqueraders of full-term cerebral palsy. Ann Clin 
Transl Neurol. 2018 Mar 26;5(5):538-551. [2] Lee RW et al. A Diagnostic Approach for Cerebral Palsy in the 
Genomic Era. Neuromolecular Med. 2014 Dec;16(4):821-44. 
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Other: Biomarker and Diagnostics 

708 
Automated Immunohistochemical Detection of Skin Depositions of Pathological alpha-Synuclein in Idiopathic 
REM Sleep Behavior Disorder and Parkinsonism 
S. Dziadek, T.-S. Tsao, A. Al-Qassabi, A. Racolta, K.I. Taylor, W. Zago, R.B. Postuma (Basel, Switzerland) 
Objective: The goal of this study was to employ a novel highly sensitive dual-stain immunohistochemical (IHC) 
assay in the assessment of cutaneous pathological alpha-synuclein (aSyn) depositions in patients with idiopathic 
REM sleep behavior disorder (iRBD), Parkinson’s disease (PD), atypical parkinsonism and controls.The goal of this 
study was to employ a novel highly sensitive dual-stain immunohistochemical (IHC) assay in the assessment of 
cutaneous pathological alpha-synuclein (aSyn) depositions in patients with idiopathic REM sleep behavior disorder 
(iRBD), Parkinson’s disease (PD), atypical parkinsonism and controls. 
Background: Development of therapeutic agents for PD is hampered by a lack of diagnostic tests that accurately 
identify patients with PD, especially early PD.  While the definitive diagnosis of PD can only be made at autopsy 
upon demonstration of pathological central nervous system aSyn, recent findings suggest that detection of 
pathological aSyn deposition in skin biopsies can be used to identify patients with PD during life. 
Methods: Formalin-fixed, paraffin embedded paravertebral C7 area skin punch biopsies of 79 subjects (28 iRBD, 
20 PD, 10 atypical parkinsonism, 21 controls) were bisected. A single slide from each bisected block was analyzed 
for pathological aSyn on the automated BenchMark ULTRA system using a novel chromogenic dual-stain IHC 
assay that enabled high contrast visualization of pathological aSyn. 
Results: With two slides from one skin biopsy area per subject, pathological aSyn was observed in 60% of PD, 71% 
of iRBD, 20% of atypical parkinsonism, and 5% of control subjects.  Full results based upon extensive sectioning of 
tissue blocks will be presented. 
Conclusions: A novel IHC assay was developed to detect aSyn pathology associated with PD in the peripheral 
tissue. This tool has the potential to be developed into a diagnostic assay for synucleinopathies and selection of 
patients for clinical trials targeting aggregated aSyn. 

Other: Molecular Basis of Parkinson's Disease 

709 
Plasma membrane Ca2+ Atpase 1 as a candidate to mediate the degeneration of dopaminergic neurons by 
inflammation in Parkinson’s disease 
B. Erhardt, M.S. Marcora, A. DeLella Ezcurra, J. Casabona, R. Tarelli, L. Frenkel, P. Bochicchio, D. Bodin, B. 
Silva, V. Cavaliere Candedo, M.I. Farías, C. Ferrari, M. Allo, C. Höcht, A. Chernomoretz, E. Castaño, M.C. Leal, 
F. Pitossi (Capital Federal, Argentina) 
Objective: To identify genes involved in the degeneration of the dopaminergic neurons (DN) of the substantia nigra 
(SN) by inflammation. 
Background: Parkinson’s disease (PD) is characterized by a progressive death of DN within the SN. The molecular 
basis of the DN degeneration are unknown. DN show a peculiar pacemaker activity to release dopamine that is 
dependent of elevating intracellular calcium (Ca) concentrations. It has been proposed that a slow but consistent 
increment of Ca could be responsible for aged DN death. Additionally, neuroinflammation is a well-established 
feature of PD, even though the downstream events are still unclear. 
Methods: We had carried out a functional genomic analysis in a rat model that has neurodegeneration provoked by 
inflammation by the long-term expression of TNFalpha in the SN delivered by an adenovector. We found that 
Plasma membrane Ca2+ Atpase 1 (PMCA1), a Ca pump, was downregulated and validated this finding by qPCR in 
two other rat PD models caused by inflammation. Every rat used for these tests presented locomotor alterations and 
DN degeneration. To study in vivo functionality of the PMCA gene we used Drosophila melanogaster (DM) as a 
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model. We downregulated PMCA in the DN using iRNA (th>PMCAiRNA) to study lifespan, Ca concentrations, 
DN degeneration, locomotor activity and dopamine concentration. 
Results: We found that PMCA1 gene was downregulated in the TNFalpha rat model. We confirmed the reduction 
of PMCA1 in other neurodegenerative models: chronic IL-1beta expression and 6OHDA/LPS administration. To 
test the possible relevance of PMCA1 in DN in vivo, we analyzed th>PMCAiRNA flies and found that PMCA 
downregulation produces a reduction of lifespan and Ca increments without neuronal death. Importantly, these 
changes in DN generate several locomotor alterations. Finally, the level of dopamine was higher in th>PMCAiRNA 
flies compared to controls. 
Conclusions: We found PMCA1 is downregulated in three rat models of PD by inflammation. The reduction of 
PMCA in DM DN reproduced features of other DM models of PD. Since DN are subjected to Ca dependent-
pacemaker, the decrease of PMCA1 could provoke a dysregulation in the Ca homeostasis, promoting their 
vulnerability. These results postulate PMCA1 as a candidate to be a part of the DN degeneration process and suggest 
its possible involvement in DA differential vulnerability in PD. 

Other: Hereditary spastic paraplegia 

710 
Neuropathological findings in a SPG4 gene mutation carrier 
S. Forcén, I. Aldecoa, A.M. Crespo, O. Ramos, L. Ispierto, R. Álvarez, D. Vilas (Badalona, Spain) 
Objective: To describe the clinical and neuropathological findings of a patient carrier of a mutation in the SPG4 
gene. 
Background: Hereditary spastic paraplegia (HSP) linked to mutations in the SPG4 gene is basically characterized 
by lower extremity weakness and spasticity. A few cases with cognitive impairment have been described. 
Nevertheless, the etiopathogenic mechanisms of this cognitive decline are unknown. 
Methods: A 70 year old woman presented with a late-onset cognitive decline. After ancillary tests, she was 
diagnosed of Alzheimer’s disease. The patient and her son, affected by a HSP, were heterozygous carriers of the 
mutation NM_014946.3: c.1291C> in exon 10 of the SPG4 gene. She died at the age of 84 due to urinary tract 
infection. 
Results: The neuropathological study showed beta-amyloid inclusions in the limbic system and the majority of 
cortical areas studied, as well as Tau-related neurofibrillary pathology in the limbic system, deep nuclei, subcortical 
white matter, parahipocampal and prefrontal cortex. Argyrophilic grain disease was also observed, with involvement 
of amygdala and hippocampus, nucleus accumbens, entorhinal, insular and focally cingular cortex. She also 
presented mild chronic cerebrovascular disease with arteriosclerosis and mild-moderate arteriolohyalinosis, as well 
as moderate amyloid angiopathy. No axonal degeneration was found in the corticospinal tracts or in the fibers of the 
gracile fascicle. No pathological inclusions of polyglutamine, C9RANT or FUS have been observed. 
Conclusions: The neuropathological findings in this patient are compatible with Alzheimer's disease, argyrophilic 
grain disease and chronic cerebrovascular disease. Cognitive decline in this patient probably has a multifactorial 
etiology. The etiopathogenic role of mutations in the SPG4 gene on cognitive impairment is still undetermined. 
References: 1. Faber et al. Cognitive dysfunction in hereditary spastic paraplegias and other motor neuron 
disorders. Dement Neuropsychol 2016 December;10(4):276-279. 2. Murphy S et al. Dementia in SPG4 hereditary 
spastic paraplegia: clinical, genetic, and neuropathologic evidence. Neurology. 2009;73:378-84. 3. White KD et al. 
Clinical and pathological findings in hereditary spastic paraparesis with spastin mutation. Neurology 2000;55:89 –
94. 
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Other: Parkinson's disease diagnosis 

711 
Diagnostic journeys of people with Parkinson's disease in Kenya, sub-Saharan Africa 
N. Fothergill Misbah, K. Hampshire, S. Moffatt, J. Kwasa, J. Hooker, R. Walker (Newcastle upon Tyne, United 
Kingdom) 
Objective: To explore the experiences of people living with Parkinson’s disease (PWPD) with regards to their 
diagnostic journeys among public and private hospital settings in Kenya. 
Background: Research on Parkinson’s disease (PD) in Kenya (population 51.4 million), is scant [1], while 
knowledge about PD among the population as well as healthcare professionals is low. This qualitative study 
examines diagnosis, care and information provision amongst PWPD and their families in Kenya. 
Methods: Ethnographic methods comprising interviews and observations were applied over 9 months (March – 
December 2018) across urban and rural areas. Participants included PWPD (N=53), family members and caregivers 
(N=22), medical consultants in private and public hospitals (N=13), pharmacists (N=28), community health 
volunteers (N=2) and herbal doctors (N=5). 
Results: Obtaining a diagnosis of PD in Kenya is challenging and far from straightforward in all settings. The 
number of practicing neurologists is very low (N=20), clinics are overwhelmed by neurological cases in private and 
government hospitals and there are no practicing PD nurse specialists. Interviews with PWPD identified that 
symptoms of PD are often confused with general ageing or overlooked and PWPD don’t seek medical help until 
their condition has progressed. As knowledge about the disease is low amongst healthcare professionals, when 
PWPD do seek help, they are bounced around services, misdiagnosed and some PWPD are never told their 
diagnosis. Information provision about PD, symptoms and progression at diagnosis is minimal and consequently 
PWPD have a very poor understanding about their disease. 
Conclusions: Diagnostic journeys of PWPD in Kenya are difficult, within private and public settings. Kenya has 
limited resources to invest into healthcare as well as huge pressures from other non-communicable and 
communicable diseases. However, as the population ages, the incidence of PD will increase. There is a need to 
improve knowledge about PD among healthcare professionals and the population so the early symptoms of PD are 
recognised and accurately diagnosed. More structured neurology services to manage PD including integrated care 
involving neurologists and PD nurse specialists are also required. 
References: 1. The Lancet Neurology: Neurology in sub-Saharan Africa-WHO cares? Lancet neurology. 2006, 5 
(8): 637 

Other: Freezing of Gait, Parkinson Disease 

712 
Differential Gait Progression in idiopathic Parkinson’s disease with and without freezing of gait 
A. Glover, L. Pillai, S. Doerhoff, T. Virmani (Little Rock, AR, USA) 
Objective: To develop a predictive algorithm for freezing of gait (FOG) in Parkinson’s disease (PD) through 
longitudinal objective gait assessment. 
Background: The presence of FOG results in a significant worsening in quality of life for PD patients. About 50% 
of PD patients develop FOG by 5 years of disease. To our knowledge only one prior study looked for differential 
change in spatiotemporal gait parameters longitudinally and found no difference between freezers and non-freezers. 
The ability to predict the development of FOG would allow us to test therapies to prevent development or slow 
progression. 
Methods: PD subjects with (FOG) and without (noFOG) freezing of gait and healthy controls (HC) were enrolled. 
Gait data was collected and analyzed using a 20’x4’ gait mat using PKMAS software (Protokinetics). Subjects 
walked 8 lengths at a comfortable pace every 3-6 months in the levodopa ON-state. The slope of change/year (delta) 
in gait parameters, and Unified Parkinson’s Disease Rating Scale (UPDRS), Freezing of Gait Questionaire (FOG-Q) 
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and Montreal Cognitive Assessment (MoCA) scores were calculated for subjects completing at least 12-months of 
follow-up and 3 visits. Statistical analysis was performed using SPSS 24 (IBM). 
Results: 82 enrolled subjects met criteria (26 FOG, 31 noFOG, and 25 HC). PD subjects had similar ages at 
enrollment (p=0.708) and follow-up visits (FOG 6.7±2.2, noFOG 6.4±2.2; p=1.0), but FOG subjects had a longer 
disease duration (FOG 9.2±5.8, noFOG 6.8±5.8 years; p=0.04). The delta FOG-Q, motor and total UPDRS were 
similar between PD groups. The FOG group had a decline in delta MoCA compared to noFOG (FOG -0.6±1.8, 
noFOG 0.3±1.9 score change/year; p=0.02). FOG subjects also had a faster decline in mean delta stride length, 
stride velocity, swing phase % and single support % compared to noFOG [Table 1]. For stride-to-stride variability 
(%CV), only delta %CV single support % was faster in the FOG group [Table 1]. There was a weak positive 
correlation between delta MOCA and delta mean stride velocity (p=0.03), swing phase % (p=0.03), and single 
support % (p=0.04). 
Conclusions: FOG subjects demonstrate a differential decline in objectively quantifiable gait parameters over time, 
some of which correlated weakly with a decline in MoCA scores. Early detection of this differential regulation may 
help predict the development of FOG. 

 

Other: Gut Microbiota 

713 
Gut Feelings about Parkinson’s Disease: The Influence of the Gut Microbiota in a Rodent Model 
A. Gorecki, L. Preskey, M. Bakeberg, J. Kenna, C. Gildenhuys, S. Dunlop, F. Koengten, R. Anderton (Nedlands, 
Australia) 
Objective: The objective of this study was to investigate the gut microbiota in a pilot cohort of Australian patients 
with PD, and a rodent model of aSyn over-expression. Further, this study also examined the relationship between 
brain aSyn levels and the gut environment in a rodent model of PD, and the subsequent influence of 
lipopolysaccharide (LPS) treatment on mouse PD symptoms in vivo. 
Background: Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder in Australia, with 
motor, cognitive and gastrointestinal symptoms. Notably, gastrointestinal dysfunction can appear well before the 
onset of cardinal motor symptoms. Therefore, research has begun to focus on the interaction between the gut 
microbiota, gastrointestinal symptoms, and enteric alpha-synuclein (aSyn) aggregation in PD. 
Methods: Microbial abundance and diversity of humans and mice were determined using targeted sequencing of the 
V3 and V4 regions of 16S ribosomal RNA gene. Both C57BL-6N-Tg (Thy1-SNCA)15Mjff/J (Thy1-aSyn) and 
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C57BL-6N mice underwent gut microbial sequencing and behavioural assessments (nasal adhesive removal, 
hindlimb clasp reflex and inverted grid). LPS was administered to intestinal epithelial cells (IEC-6) for 4 hours, and 
Thy1-aSyn mice for 12 consecutive nights. Brain aSyn and intestinal tight junction proteins were assessed using 
immunohistochemistry and immunocytochemistry. 
Results: The relative abundance of LPS-producing Gammaproteobacteria was significantly elevated in patients with 
PD (573.82-fold) compared to controls. In Thy1-aSyn mice, progressively increasing brain aSyn levels were not 
associated with noticeable motor impairments, nor significantly altered microbiota relative abundance or diversity. 
Thy1-aSyn mice showed no evidence of altered intestinal permeability at 8 weeks of age, as determined by ZO-1 or 
e-cadherin proteins. After LPS treatment, Thy1-aSyn mice showed poorer hindlimb scores compared to baseline and 
untreated mice at 10 weeks. 
Conclusions: This study supports a proinflammatory gut microbiome as an environmental trigger for PD 
pathogenesis, however suggests that other environmental or genetic factors are required to exacerbate motor 
impairments in Thy1-aSyn mice. Future studies should examine the effect of multiple inflammatory triggers in 
Thy1-aSyn mice coupled with gastrointestinal investigations. 

Other: Hemifacial spasm and botulinum toxin 

714 
Hemifacial spasm management: 26-year experience 
Y. Herrero-Infante, A. Rodriguez-Sanz, J. Mañez-Miró, F. Vivancos-Matellano (Madrid, Spain) 
Objective: To analyze the causes of hemifacial spasm as well as the efficacy and safety of long term treatment with 
botulinum toxin (BT). 
Background: Hemifacial spasm is an uncommon movement disorder characterized by involuntary, unilateral, 
irregular, tonic or clonic contractions of muscles innervated by the facial nerve, usually starting around the eyes 
before progressing inferiorly to the cheek, mouth, and neck. 
Methods: We developed a retrospective study of patients with a diagnosis of hemifacial spasm treated with BT in 
our center from 1993 to 2018. Demographic (age, sex) and etiological variables as well as doses and number of 
sessions of BT, infiltrated muscles, therapeutic response according to the Patient Global Impression of Change 
Scale (PGIC), side effects and adjuvant treatments were analyzed. In addition, these variables were compared 
according to the etiology (idiopathic or secondary). 
Results: From the total of 125 patients studied, 92 (73.6%) were women with a mean age at the start of treatment of 
58.63 years (SD 15.4, range 21-91). The cause was idiopathic in 80 patients (64%), finding underlying structural 
abnormalities in the remaining 36%. Of them, 48.8% were associated with facial paralysis, 40.2% due to vascular 
alterations, 6.6% with a tumor origin and 4.4% appeared in patients with Parkinson disease. A higher total dose per 
session was observed in the secondary group. 32 patients (27%) had side effects being transient ptosis and facial 
hematoma the most common of these. PGIC showed a “very much improved” or "much improved" result in 84.5%. 
16 patients (12.8%) required pharmacological concomitant treatment. 
Conclusions: A complete etiological diagnosis is essential in patients with hemifacial spasm due to the significant 
number of cases with underlying structural abnormalities found in our study. In addition, the existence of a known 
cause could be associated with greater doses of BT to achieve a good response. Regardless of the etiology, long term 
treatment with BT in hemifacial spasm is safe and effective. 

Other: Gait examination 

715 
Agreement Between the GAITRite® Walkway System and the Wearable Inertial Sensor BTS G-Walk® for 
Measurement of Gait Parameters 
H. Horáková, H. Brožová, K. Poláková, E. Růžička (Prague, Czech Republic) 

This article is protected by copyright. All rights reserved.



Objective: The aim of this study was to compare two systems for gait measurement (GAITRite G-Walk system) and 
to assess their agreement for measurement of temporal and spatial gait parameters. 
Background: Measurements of temporal and spatial gait parameters are very important in a clinical practice. 
Wearable systems for gait measurement are suitable for analyzing temporal and spatial gait parameters. These new 
devices are very popular because they are lightweight, portable, relatively cheap and easy to use. 
Methods: Forty healthy volunteers (26 men, 14 women, mean age 58.7 ± 7.7 years) were included to the study. 
Each subject walked across an electronic walkway GAITRite with embedded pressure sensors at preferred walking 
speed. Concurrently G-Walk sensor was attached with semi-elastic belt to the L5 spinal segment of the subject. 
Walking speed, cadence, stride length, stance phase, swing phase, single support and double support phase values 
were compared between the GAITRite system and G-Walk system. 
Results: Intraclass correlation coefficient ICC (2, 1) for assessing level of agreement between both systems was 
0.89 for walking speed, 0.99 for cadence, and 0.84 for stride length. The ICC (0.12 – 0.15) was for parameters 
expressed in a percentage of cycle. 95% limits of agreement ranged from -0.203 to 0.149 m/s for walking speed, -
3.435 to 2.110 steps/min for cadence, -0.199 to 0.168 m for stride length, -8.176 to 1.072 % for stance phase, -1.082 
to 8.168 % for swing phase, -1.222 to 8.409 % for single support phase, and -15.736 to 2.827 %. 
Conclusions: This study confirms using of the G-Walk system as a valid system for measurements of cadence, 
walking speed and stride length. The system is also useful in measurements of stance, swing, single support phase 
and double support phase. 

Other: Parkinson´s disease and Chronic Kidney Disease Association 

716 
Prevalence of chronic kidney disease in patients with idiopathic Parkinson's disease in a tertiary care hospital 
in Mexico City 
S. Isais-Millan, C.A. Rojas-Guerrero, A. Arriaga, M. Rodriguez-Violante, D. Zuñiga-Garcia, R.O. Millan-Guerrero, 
V. Campos-Gasga, V. Garcia-Barrera, R. Santos-Montero (Mexico, Mexico) 
Objective: To describe the prevalence of chronic kidney disease (CKD) in patients with idiopathic Parkinson's 
disease (PD) and to determine the association between renal function and PD severity. 
Background: Few studies have addressed the possibility of a relationship between chronic kidney disease and 
Parkinson's disease and there is uncertainty regarding the role of kidney function in neurodegeneration. It has been 
suggested that hypertension, diabetes and dyslipidemia are risk factors for PD and CKD(1,2). However, in everyday 
clinical practice it is not common to find patients with concurrent PD and renal disease. 
Methods: We performed a descriptive, cross-sectional, retrolective study of patients from a neurology clinic in 
Mexico diagnosed with PD. We assessed renal function kidney disease improving global outcomes (KDIGO) 
classification and Parkinson disease severity with movement disorder scale – united PD society score (MDS-
UPDRS). We measured mean and standard deviation for continuous variables, percentages for categorical variables, 
Spearman's coefficient and chi square test to assess rank correlation. 
Results: We included 25 patients (16 men and 9 women) with Parkinson's disease with an average of 69 years of 
age (SD ± 8.8) and a mean duration of disease of 6.7 years (SD ± 5.66). Twenty four percent of patients had a 
history of diabetes, 12% had hypertension and none had a history of cardiovascular disease. According to the 
KDIGO classification to evaluate CKD, 52% of patients were categorized as stage 2 (13 patients), 44% as stage 1 
(11 patients) and only 4% (1 patient) as stage 3. No patients were classified within the more advances stages of 
chronic kidney disease (stage 4 and 5). There was a high negative correlation between PD and CKD measured by 
serum creatinine value and estimated glomerular filtration rate (rs -0.886, p<0.05) that did not seem to be related to 
the presence of diabetes (X2p>0.05). 
Conclusions: Chronic kidney disease appears to have a very low prevalence in patients with PD; this prevalence is 
lower than that described in the general population. Patients with PD in advanced stages also appear to have a better 
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glomerular filtration rate and a lower serum creatinine value. Further studies with a larger sample are essential to 
better explore this possible correlation between PD and CKD. 
References: Soo Jin Wang, Jae Moon Yun, Dong Wook Shin, et al. Chronic Kdiney Disease: A risk factor for 
Parkinson´s disease. Korean J Clin Geri 2017; 18 (2): 95-101. I-Kuan Wang , Cheng- Li Lin, Yi Ying Wu et al. 
Increased Risk of Parkinson´s Disease in Patients with End-Stage Renal Disease: A retrospective cohort study. 
Neuroepidemiology 2014; 42:204-210. 
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Other: Needs assessment 

718 
Parkinson’s disease in Middle East, North Africa and South Asia: Consensus from the MDS Task Force on 
the Middle East 
H. Khalil, L. Chahine, J. Junaid Siddiqui, M. Salari, S. El-Jaafary, Z. Aldaajani, M. Abu Al-Melh, T. Mohammad, 
M. Abu Snineh, N. Syed, M. Bhatt, M. Habib, M. Habahbeh, S. Tabbal, B. Jeon, J. Bajwa (Irbid, Jordan) 
Objective: To create a list of needs and priorities in the advancement of the Movement Disorders field in general 
and Parkinson’s disease care in specific for the countries of Middle East, North Africa and South Asia. 
Background: Understanding regional needs and available healthcare resources to treat Parkinson’s disease (PD) is 
essential to appropriately plan future priorities. The International Parkinson’s Disease and Movement Disorders 
Society Task Force on the Middle East was established in an effort to raise awareness and education across the 
region on PD and other movement disorders. Broadly, the task force encompasses the countries of the Middle East, 
North Africa, and South Asia (MENASA). The task force undertook a needs assessment for PD care in these 
regions. 
Methods: A staged process was conducted to generate the consensus statement. First, literature review on PD 
epidemiology, clinical characteristics and genetic considerations in the MENASA countries was conducted to 
identify gaps in knowledge that require further investigation. Second, a survey was administered to task force 
members as a pilot assessment of services available for PD care in these countries. Third, a needs assessment survey 
was conducted the among the task force members which incorporated a Strengths Weaknesses-Opportunities-
Threats (SWOT) analysis and further discussions to generate consensus about PD care priorities in these regions. 
This staged process with triangulating data from different sources was used to ensure the credibility of the process to 
generate the consensuses statement. 
Results: Eight overarching principles were agreed upon as the basis for the consensus statement: the need for more 
movement disorders specialists, multidisciplinary care, accurate epidemiologic data, educational programs, 
availability of drugs, availability of more advanced therapy, health care resources and infrastructure, and level of 
awareness among general population and health care professionals. 
Conclusions: This work sheds light on unmet needs for providing care to people with PD in the MENASA. These 
data offer directions on priorities to increase awareness of PD and provide educational opportunities within this field 
in these countries. 

Other: Death Certification in Parkinson's Disease 

719 
Certification of cause of death in patients with Parkinson's Disease (PD) 
M. Khwaja, A. Chatterjee (Reading, United Kingdom) 
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Objective: To evaluate the accuracy of death certification in patients with PD. 
Background: The National Statistics Office guidance (1) suggests that doctors completing Medical Certificate for 
cause of Death (MCCD) in England and Wales should record the accurate cause of death. Doctors should record the 
sequence leading to death, underlying cause and contributory causes as below: Table(1)Parkinson’s disease (PD) is a 
progressive neurodegenerative disease associated with increased mortality(2). Recent studies have shown sub-
optimal documentation of PD as primary or underlying cause of death (3). 
Methods: PD patients who had passed away in  Royal Berkshire hospital between 1st January and 31st December 
2017 were identified by Medical Informatics. Demographic data, admitting symptoms, frailty markers , swallowing 
impairment, cause of death as documented on MCCD was collected on a proforma. Information was gathered from 
clinical notes, clinic letters on electronic patient records and Neurology data base. 
Results: A total of 38 patients (33 males) were identified with an age range of 61-95 years (average 80.5 years) .PD 
duration was 1-18 years (average 7 years). 42 % (16/38) had an impaired swallow.Table(2)In 52 % (20/38) of PD 
patients, the death was related to a respiratory cause.34 %(13/38) died of Aspiration pneumonia and PD was 
mentioned in 1(b) in only 46%(6/13). PD was documented in part II for 65% (25/38) of patients.Table(2)In 52 % 
(20/38) of PD patients, the death was related to a respiratory cause.34 %(13/38) died of Aspiration pneumonia and 
PD was mentioned in 1(b) in only 46%(6/13). PD was documented in part II for 65% (25/38) of patients.Table (2)In 
52 % (20/38) of PD patients, the death was related to a respiratory cause.34 %(13/38) died of Aspiration pneumonia 
and PD was mentioned in 1(b) in only 46%(6/13). PD was documented in part II for 65% (25/38) of patients. 
Conclusions: As Pneumonia is a leading cause of death in PD patients and prompt assessment of swallowing should 
be made in hospitalized patients. Education of doctors regarding the correct documentation in MCCD is essential, 
particularly in recording PD in 1(b) for cases of Aspiration Pneumonia. 
References: 1 Guidance for doctors completing Medical Certificates of Cause of Death in England and Wales- 
National Statistics’ Death Certification Advisory Group, Revised July 2010 2 Macleod AD, Taylor KS, Counsell 
CE. Mortality in Parkinson's disease: a systematic review and meta-analysis. Mov Disord. 3 Mortality and quality of 
death certification in a cohort of patients with Parkinson’s disease and matched controls in North Wales, UK at 18 
years: a community-based cohort study BMJ Open 2018; 8:e018969. doi: 10.1136/bmjopen-2017-018969 
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Other: Parkinson Disease 

720 
Genetics of Parkinson’s in India – Young Onset Parkinson’s Disease (GOPI-YOPD) – A Preliminary 
Demographic profile 
P. Kukkle, V. Goyal, R. Kandadai, R. Borgohain, H. Kumar, A. Mukherjee, A. Biswas, S. Das, U. Muthane, S. Desai, 
P. Wadia, P. Pal, R. Yadav, V. Ramprasad (Bangalore, India) 
Objective: To see the demographic pattern of Parkinson's Disease (PD) patients of India with onset of clinical 
symptoms prior to 50 years of age or those with family history of PD. 
Background: Parkinson Research Alliance of India (PRAI) and Medgenome India are currently conducting a whole 
exome sequencing of Young onset Parkinson’s Disease patients in a multicenter Pan-India project.  This abstract is a 
partial presentation of demographic profile of this cohort. 
Methods: The subjects were recruited from nine different center from across India.  Inclusion criteria included, 
subjects with confirmed diagnosis of Parkinson disease along with age at onset being less than 50 years or subjects 
who had onset later than 50 years but with a strong family history of PD. The study was initiated in April 2017 and 
is currently still ongoing project. This abstract presents the clinical and demographic profile of these subjects. 
Results: Over last 23 months, 699 subjects (M:F-473:222) have been recruited from across India (North India – 
29.3%, South India – 38.2%, East India – 21.2%, West India – 10.3%, Bangaldesh – 0.7%).  These subjects were 
from various ethnic background (Hindus – 84.1%, Muslims – 12.5%, Christians – 1.4%, Sikhs – 1.3%, Jains – 
0.4%) and educational status (9.6% had no formal schooling). The mean age of onset of motor symptoms was 39.2 
yrs (Range-11 to 79 yrs) and duration of symptoms at recruitment was 97 months (Range: 1 – 432 months). Family 
history PD  was present in 20.8%. Among the affected patients 92.4% had asymmetric presentation (Left onset : 
45%, Right onset- 49%). Subjects had varied frequencies of motor and non motor symptoms. The top non motor 
symptoms documented were – Fatigue – 53.2%, Pain – 47.2%, Constipation- 43.7%, depressive features – 44.5%, 
Anxiety – 44%, Sleep related issues – 32.1%, Bladder issues – 31.6%.  67.2% had noted dyskinesia at the time of 
recruitment and patterns of dyskinesia included : Peak dose dyskinesia – 87.7%, Biphasic – 11.8%, Off Dystonia – 
10%. All PD subjects were on varied combination of therapies. About 7% of patients had undergone dopa scans, and 
most of the patients had some form imaging (CT/MRI brain). 
Conclusions: This is the first major collaborative study from India showing the varied clinical features and 
demographic profile of young onset PD from the subcontinent. 
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Other: Clinical Audit 

721 
Clinical Audit of Hospital Admissions for Parkinson Disease 
H.L. Lan, L.W. Wei, S.T. Shu Ting, K.Y. Kay Yaw, W.L. Wing Lok, L.T. Louis CS (Singapore, Singapore) 
Objective: To review Parkinson patients’ admissions and identify possible preventable admissions so as to develop 
measures to improve care for Parkinson patients 
Background: Many studies have shown that people with Parkinson Disease (PD) are at high risk of hospital 
encounters. Reducing hospital admission in PD patients will result in reduced mortality and morbidity. It will also 
reduce financial burden on patients. A clinical audit was conducted to identify preventable hospital admissions. 
Methods: Patients under the care of Parkinson Disease Movement Disorders program 
who were admitted to the hospital’s Neurology service were reviewed for the period from July to Sep 2018. 
Results: 22 admissions, comprising 18 patients, were recorded from the period July to September 2018.  6(27%) 
admissions were for falls, 6(27%) for functional decline, 5(22%) for medication-related issues, 2(9%) with 
psychosis and delirium, 1(4%) for pneumonia, and 2(9%) for non-PD problems. 
 Three PD patients had multiple admissions.  One patient had 2 admissions for falls, another had 2 admissions for 
functional decline, while the third patient had 3 admissions for psychosis, medication-related problems and 
pneumonia. The duration between the most recent clinic consult and admission ranged from 3 days to 18 weeks.   
Conclusions: Based on our findings, the strategies that may reduce hospital admissions are closer patient 
monitoring and support to prevent falls, maintain function, and manage medication-related complications. The 
allocation of fast-track clinic consults to address urgent problems may also reduce the need for hospital 
admissions.     
  
References: NA 

Other: Eye movement disorders 

722 
Opsoclonus and ataxia in the setting of synchronous primary malignancies 
H. Leal Bailey, S. Wijemanne Sarathkumara, R. Knightstep (San Antonio, TX, USA) 
Objective: To present a rare case of opsoclonus with positive anti-Ri (ANNA-2) autoantibodies, secondary to 
synchronous multiple primary tumors. 
Background: Opsoclonus refers to involuntary, conjugate, saccadic eye movements, irregular in amplitude and 
frequency, occurring in all directions of gaze. The most common reported etiologies of opsoclonus are 
paraneoplastic, infectious, metabolic and idiopathic. Usually, opsoclonus is observed as part of a syndrome with 
myoclonus and ataxia. In adults, it is usually associated with breast carcinoma or non-small cell lung cancer.  A 
subgroup of patients presenting with paraneoplastic opsoclonus is found to have Anti-Ri (also known as type 2 
antineuronal nuclear antibody autoantibodies), which are directed against intracellular neuronal proteins.  
Methods: Case Report 
Results: 66 year old female presented with abnormal eye movements, diplopia, dizziness and difficulty ambulating 
for 2 months. Physical exam showed opsoclonus, dysmetria and ataxia. No myoclonus. Prominent left axillary 
lymph nodes were noted.  A neoplastic workup was done, CT abdomen showed a right renal mass. MRI Brain 
showed no signs of malignancy. CSF showed a lymphocyte predominant leukocytosis, no malignant cells. Serum 
and CSF autoimmune panels were sent to Mayo Clinic, suspecting and underlying paraneoplastic process. While 
waiting for the results, the patient was started on IVIG 2g/kg divided over 3 days, which improved her symptoms. 
She underwent a biopsy of her renal mass, confirming a diagnosis of renal cell carcinoma. A biopsy of her left 
axillary lymph nodes evidenced metastatic carcinoma, consistent with primary breast cancer. Her serum and CSF 
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paraneoplastic panels were positive for anti-Ri antibodies. The patient underwent right radical nephrectomy and is 
currently awaiting systemic therapy for breast cancer and renal cell carcinoma. 
Conclusions: Our case reflects the fact that the presence of opsoclonus and ataxia (even without the full syndrome 
accompanied by myoclonus) strongly suggests the presence of an underlying malignancy, especially when 
accompanied by positive serology. This is also the first case to our knowledge of paraneoplastic opsoclonus and 
ataxia, with positive ANNA-2 serology related to a synchronous malignancy of renal cell carcinoma and breast 
carcinoma, a rare occurrence on its own.  Our patient’s symptoms improved with immunotherapy, even in the 
setting of multiple primary malignancies.   
References: [1] Koukoulis A, Cimas I, Gomara S. Paraneoplastic opsoclonus associated with papillary renal cell 
carcinoma. J Neurol Neurosur Ps. 64(1):137-8, 1998 [2] Yang Y, Shum H, Haigentz M, Mariuma E, Suhrland M, 
Maleki S, Acevedo N, Gulko E, Farinhas J, Welch M. Anti-Ri antibody associated paraneoplastic brainstem and 
cerebellar dysfunction as the presenting sign of small cell lung carcinoma. Neurology. 84 (14 Supplement) P4.237, 
2015. [3] Arjunan R, Kumar D, Kumar KV, Premlatha CS. Breast cancer with synchronous renal cell carcinoma: a 
rare presentation. J Clin Diagn Res. Oct;10(10):XD03, 2016 

Other: Digital Health Technologies 

723 
Preliminary validation of a novel, comprehensive digital biomarker smartphone application to assess motor 
symptoms in de-novo diagnosed Parkinson patients 
F. Lipsmeier, K. Taylor, E. Volkova-Volkmar, R. Postuma, T. Kilchenmann, D. Wolf, Y. Zhang, W. Cheng, A. 
Scotland, J. Schjodt-Eriksen, F. Boess, D. Ness, C. Gossens, A. Post, M. Lindemann (Basel, Switzerland) 
Objective: To determine the reliability and validity of a novel, comprehensive digital biomarker remote monitoring 
approach to actively and passively measure motor symptom progression in Parkinson’s disease (PD). 
Background: Clinical assessments necessarily provide only a snapshot of PD patients’ clinical status, which is 
prone to substantial fluctuation. Remote and frequent symptom monitoring with smartphones and –watches 
promises to improve the assessment of motor symptom progression in PD and may open new avenues for patient 
care in the future. 
Methods: A smartphone application (app) comprised of 10 active tests (tremor, bradykinesia, rigidity/postural 
stability, cognition) and continuous passive monitoring is deployed in a Phase II study of Prasinezumab 
(PASADENA) in recently diagnosed PD patients. The current data cut-off is n=205, and results for all 316 patients 
will be shown at the conference. Sensor features were extracted from each active test and during passive monitoring 
and aggregated over two-week periods centered at baseline clinical visits. Intra-class correlation coefficients and 
Spearman correlations quantified test-retest reliability and validity compared to MDS-UPDRS item/subscale scores, 
respectively. 
Results: Average adherence was high with 93% (median) of all possible active tests performed during the first two 
study weeks. Active test test-retest reliability was high (median 0.95, range 0.90-0.99). All active tests demonstrated 
strong correlations with MDS-UPDRS scores, ranging = from r=-0.24 (p<0.001; digit symbol) to r=0.61 (p<0.001; 
rest tremor). Average turn speed during daily life correlated with MDS-UPDRS Part III (r=-0.26, p<0.001) and 
bradykinesia composite scores (r=-0.34, p<0.001). 
Conclusions: These results suggest that a comprehensive remote monitoring approach with smartphones and 
smartwatches is feasible and provide preliminary evidence of that sensor features are reliable and valid measures of 
motor symptom severity in recently diagnosed PD patients. The frequent sampling enabled by the remote 
monitoring approach, coupled with the high sensitivity of smartphone/-watch sensors, promises to increase signal-
to-noise in measurements of motor symptom progression in clinical research and, in the future, also routine clinical 
assessments. 
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724 
Digital biomarker sensor feature data reflect quality of life judgements (PDQ39) in recently diagnosed 
Parkinson’s disease patients 
F. Lipsmeier, K. Taylor, E. Volkova-Volkmar, H. Staunton, R. Postuma, T. Kilchenmann, D. Wolf, Y. Zhang, W.Y. 
Cheng, A. Scotland, J. Schjodt-Eriksen, F. Boess, D. Ness, C. Gossens, A. Post, M. Lindemann (Basel, Switzerland) 
Objective: To evaluate the extent to which data derived from smartphone-based testing and passive monitoring are 
related to what recently diagnosed Parkinson’s disease (PD) patients (<2y) consider to be important aspects of their 
health status and QoL (PDQ39). 
Background: PD symptom evaluation using remote digital monitoring approaches is evolving rapidly. A critical 
aspect of this development is the determination of how digital measures are related to PD signs that are important to 
patients, as quantified by QoL scales. 
Methods: Data from 205 recently diagnosed (<2y) PD patients participating in the Phase II study of prasinezumab 
(PASADENA) were analyzed. All patients completed the PDQ39 at screening, and performed daily active tests 
(n=10) and continuous passive monitoring using the Roche PD Mobile Application v2. One a priori defined sensor 
feature was extracted per active test, averaged over a two-week interval and compared with PDQ39 domain scores 
(Spearman’s correlations) and on individual PDQ39 items between non-impaired (‘0’) vs. impaired (‘>=0’) patients 
(Mann-Whitney U-tests). 
Results: More than half of the 205 PD patients rated themselves as having no impairment on 30/39 PDQ39 items 
(truncation of range). Activities of Daily Living (ADL), Communication, and Mobility PDQ39 domains 
significantly correlated with associated sensor features (e.g. ADL and dominant hand dexterity; all r >= 0.25, all p < 
0.001), while, as expected, the domains of Bodily Discomfort, Social Support, Stigma, and Emotional Wellbeing did 
not significantly correlate with any sensor feature (all r < 0.2). All smartphone sensor features significantly 
distinguished non-impaired vs. impaired groups based on PDQ-39 item scores (e.g.  problems walking half a mile 
and decreased turn speed in active and passive monitoring). 
Conclusions: Motor performance and behavior as measured by a smartphone-based remote monitoring approach 
provides data which is related to the patients’ own perception of disease and QoL. These findings are notable in the 
context of the overall low rate of self-reported impairments. The pattern of relationships supports the 
convergent/divergent validity of the digital sensor data from active tests and passive monitoring. This study thereby 
provides preliminary and indirect evidence of the clinical relevance of this digital biomarker approach. 

Other: Freezing of Gait 

725 
The cognitive profiles differ among freezing of gait subtypes in Parkinson’s disease 
J. Longhurst, J. Caldwell, A. Ritter, V. Mishra, B. Bluett, M. Landers (Las Vegas, NV, USA) 
Objective: Analyze differences in cognitive profiles among freezing of gait (FOG) subtypes in Parkinson’s disease 
(PD). 
Background: FOG in PD has been shown to be associated with cognitive impairment. However, there are little data 
on cognitive deficits within FOG subtypes. 
Methods: 39 individuals with PD (19 with FOG) completed the Freezing of Gait Score (FOGscore) in the OFF and 
ON PD medication state and were dichotomized on the following non-mutually exclusive subtypes: Levodopa-
responsive FOG (n=11), dual task (DT)-triggered FOG (n=10), turn-triggered FOG (n=13), initiation-triggered FOG 
(n=6). Demographic information and PD symptoms (MDS-UPDRS III, Hoehn and Yahr stage (HY)) were also 
collected. DT cost (DTC) was determined using the Timed UP and Go (TUG). Cognitive testing included the 
following: global cognition (MMSE); processing speed (symbol digit modalities test (SDMT) and trails A); 
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inhibition (DKEFS color word inhibition); and, multi-tasking (DKEFS category switching, DKEFS color word 
switching, and trails B). 
Results: There were no group differences on demographic factors among FOG subtypes (ps>.122). Individuals with 
FOG, demonstrated poorer performance on DTC (ps<.008) and multi-tasking (ps<.010), had more advanced motor 
disease (ps<.005), and poorer global cognition (p=.028). The levodopa-responsive group had lower MDS-UPDRS 
III scores (p=.034) and FOGscore (ps<.027); they had higher inhibition (ps<.043) and more DTC (ps<.033). DT-
triggered and turn-triggered FOG groups exhibited similar results to each other showing poorer performance on 
trails B (ps< .041). The initiation-triggered FOG group demonstrated poorer performance on the MMSE (p=.037), 
FOGscore (p<.004), trails A (ps<.047), and SDMT (ps<.043). They also had a higher stage of severity on the HY 
(p=.013). 
Conclusions: Our results suggest that FOG is complex and that subtypes may be differentially associated with 
disease severity and cognitive impairment. Specifically, individuals with levodopa-responsive FOG had less severe 
motor impairment and FOG compared to non-levodopa-responsive freezers; however, they had more trouble under 
DT conditions and poorer ability to tune out irrelevant stimuli. While previous research has shown an association 
between processing speed and global cognitive deficits and FOG, our findings suggest that these may be more 
associated with initiation-triggered FOG compared to the other subtypes. 

Other: zinc deficiency 

726 
Study on the effect of levodopa administration on serum zinc levels in Parkinson's disease patients 
H. Matsuyama, K. Matsuura, H. Ishikawa, Y. Hirata, N. Kato, A. Niwa, Y. Narita, H. Tomimoto (Tsu, Japan) 
Objective: Since zinc-chelating action of levodopa has been reported in the past, we measured serum zinc level in 
patients with Parkinson's disease (PD) at our hospital and investigated the relationship with levodopa administration 
period, dosage and symptoms of zinc deficiency. 
Background: Long term intake of drugs which have the potential to chelate zinc may cause zinc deficiency. After 
levodopa binds to internal zinc, the compound is excreted in urine over time, and this process can lead to a zinc 
deficiency. Recently, a taste disorder due to zinc deficiency in elderly people has been observed. We postulated the 
possibility that zinc deficiency in PD patients are related to drugs such as levodopa. 
Methods: We measured serum zinc levels in PD patients (n = 26, M / F = 11/15, mean age 68.8 ± 8.1 years old). 
The analysis was made using Spearman's rank correlation coefficient on the correlation between serum zinc levels 
and the oral administration period of levodopa, dosage, dosing frequency, zinc deficiency symptoms such as taste 
disorders and gonadal dysfunction in each case. 
Results: The averaged serum zinc level of the whole group was 67.5 ± 11.9 μg / dl. The mean administration period 
of the levodopa was 8.7 ± 5.9 years, the administration frequency was 3.1 ± 0.8 times / day, the administration dose 
was 386.2 ± 273.6 mg / day, and a negative correlation was found between the zinc level and levodopa 
administration dosage (rs = - 0.567, p <0.05), period (rs = - 0.439, p <0.05), and dosing frequency (rs = - 0.587, p 
<0.05). 
Conclusions: It is considered that levodopa dosage, long term administration, and frequent administration can affect 
serum zinc levels, and prevention of zinc deficiency can be a future focus of attention in PD treatment. 
References: Qureshi G. A., Qureshi A. A., Memon S. A., & Parvez S. H. (2006). Impact of selenium, iron, copper 
and zinc in on/off Parkinson's patients on L-dopa therapy. Journal of Neural Transmission. Supplementum, 71, 229–
236. Tomita H., & Yoshikawa T. (2002). Drug-related taste disturbances. Acta Oto-Laryngologica. Supplement, 
122, 116–121. Veldkamp K. L., Tubergen P. J., Swartz M. A., DeVries J. T., & Tatko C. D. (2017). Zinc binding 
with L-dopa peptides. Inorganica Chimica Acta, 461, 120–126. Matsuyama H, Matsuura K, Ishikawa H, Hirata Y, 
Kato N, Niwa A, Narita Y, & Tomimoto H. (2018). Proposition of zinc supplementation during levodopa-carbidopa 
intestinal gel treatment. Brain and Behavior, 12, e01143. 
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Other: Prion disease 

727 
Creutzfeld Jacob disease presenting with functional-appearing, bizarre movements without significant 
cognitive impairment 
M. McGraw, Z. Grujic, P. Vittal, J. Pallone (Winfield, IL, USA) 
Objective: To report unusual presentation of Creutzfeld Jacob disease (CJD) with bizarre movements and functional 
characteristics. 
Background: Prion disease is most commonly due to CJD and classically presents with dementia, myoclonus and 
ataxia. Though presentation can be variable, there have been few reported cases presenting with functional 
movements. 
Methods: Previously healthy 53 y.o. white male presented with progressive bizarre movements. Two months prior 
to presentation, he noted mild sleep changes. He fell on his elbow and reported R hand numbness and clumsiness, 
worsening over the next month. He developed incoordination in the R arm, myoclonic jerks and ballistic movements 
that spread into his R side, then his whole body. Gait & balance declined, but cognition remained intact and he 
continued to manage his own business through a high stress buy-out.  
He presented to outside hospital where stroke/cardiac work up and NCS/EMG of right arm were normal: he was 
discharged with suspected psychogenic disorder. He subsequently presented to our clinic with gait disturbance and 
constellation of bizarre movements including multifocal myoclonus, ballismus, scissoring, clapping, and flailing that 
were distractible and variable in direction and frequency. These improved on low dose clonazepam, but the next 
week he deteriorated and was admitted with worsening ataxia. 
Results: MRI brain unremarkable. EEG showed minimal slowing. CSF revealed 7 WBCs, elevated protein of 53 but 
was otherwise normal with no oligoclonal bands and negative 14.3.3 protein. He developed rapidly progressive 
dysarthria & dysphagia and became obtunded. Serum paraneoplastic panel revealed elevated voltage gated K+ 
channel Abs but antineuronal Ab panel was negative (CASPR, LGI1 Abs). Extensive paraneoplastic work up was 
negative. He was treated for presumed autoimmune encephalitis with IV dexamethasone, plasmapheresis, IVIG, 
rituximab without improvement. Subsequent EEGs showed generalized slowing with mix of multifocal epileptiform 
discharges and triphasic waves. Repeat MRI showed restricted diffusion with corresponding areas of T2 
prolongation in cortex and deep gray nuclei. One month after admission, LP was repeated and CSF revealed positive 
14.3.3, elevated tau and RT QuIC. 
Conclusions: CJD can present with functional characteristics, and this diagnosis should be considered when 
evaluating unusual or functional movement disorders. 

728 
Tongue Myokymia and Earache as a unique presentation Associated with Local Tongue Pathology: A Case 
Report and Review of Literature 
N. Merghany, W. Ibrahim, S. Nasr (cairo, Egypt) 
Objective: Here we report a rare case of tongue carcinoma presenting by abnormal movements in the tongue in 
form of myokymia, and Earache. 
Background: Fasciculations can be defined as visible, fast, fine, spontaneous and intermittent contractions of 
muscle fibers. Tongue fasciculation/myokymia finding in a neurological examination is of concern, given its close 
relationship with amyotrophic lateral sclerosis; its incorrect to associate fasciculations directly to the injury of fore 
tip of the spinal cord, because the skeletal pathophysiological involvement can be quite broad. 
REVIEW OF LITERATURE: Table 1 shows Overview of Tongue fasciculation/Myokymia and local Tongue 
pathology studies in the literature. 
Methods: case report 
Results: A 49 years old male started to complain of gradual change in character of voice, difficulty in speech and 
swallowing over the last 4 months with weight loss. Preceded 8 months ago by bilateral earache; ENT examination 
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revealed no local problems. 
Neurological examination revealed “hot potato” voice, slurred speech, and diffuse tongue fasciculation + atrophy. 
Another sign was invasion of the frenulum “tongue tie” [Figure 1]. 
Electromyography and nerve conduction --> minimal decremental response, and patchy myopathy. 
Post contrast MRI brain --> normal.  
Post contrast pan-CT --> picture suggestive of metastatic pulmonary nodules. 
PET scan [Figure 2] --> hypermetabolic soft tissue lesion in the floor of the mouth + secondary hyper metabolic 
pulmonary, and lymph nodal metastatic deposits.  
Pathology diagnosis --> adenocarcinoma of minor salivary glands. 
The patient is now treated with radiotherapy as a palliative treatment and is later scheduled for chemotherapy. 
Conclusions: Important part of tongue fasciculation/myokymia examination was good inspection with elevation of 
the tongue and submandibular palpation for masses; and association with earache is usually highly suggestive of 
local invasions. 
References: Antonio M, Leite A, Orsini M, et al. Another perspective on fasciculations: when is it not caused by the 
classic form of amyotrophic lateral sclerosis or progressive spinal atrophy? Neurol Int. 2014;6:47-51. 
doi:10.4081/ni.2014.5208 Asano T, Yoshida D, Shirato H, Fukuda S. A Novel Approach to Advanced Carcinoma of 
the Tongue : Cases Successfully Treated with Combination of Superselective Intra-Arterial Chemotherapy and 
External / High-Dose-Rate Interstitial Radiotherapy. Jpn J Clin Oncol. 2006;36(12):822-826. Andrews K V, Eveson 
JW. Myokymia ( fasciculation ) of the tongue as a unique presentation of mucoepidermoid carcinoma. Int J Oral 
Maxillofac Surg. 2007;36:79-81. doi:10.1016/j.ijom.2006.05.004 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



Other: Care Delivery (Parkinson disease) 

729 
Pilot testing of the Integrated Parkinson’s Disease Care Network: feasibility, efficacy outcomes and cost 
description analysis 
T. Mestre, D. Kessler, J. Shen, A. Basndwah, H. Shinawi, C. Nussey, A. Ohman, S. Kumar, D. Côté, C. Liddy, K. 
Thavorn, M. Taljaard, D. Grimes (Ottawa, ON, Canada) 
Objective: To evaluate a new model of care delivery in PD, the Integrated Parkinson’s disease Care Network 
(IPCN), in terms of implementation, health-related outcomes, patient/care partner experience and costs. 
Background: The multiple needs of patients with PD challenge the healthcare system traditionally focused on 
physician-centred care delivery. Multispecialty care is an attractive model in PD, but it has shown small to none 
measurable health benefits and significant costs. We have developed a novel pragmatic integrated care network for 
people with PD (PwP), the IPCN, based on care integration, self-management, and health technology. The IPCN 
aims at improving health outcomes in a sustainable manner. 
Methods: Study overview: single center pre-post design study. “Newly-diagnosed PD” (n=25; PD diagnosis < 1 
year) and “Advanced PD” (n=75; PD diagnosis > 8 years, H&Y (off) ≥ 3, not fully dependent) were invited to 
participate in a 6-month IPCN program. Assessments: A) Evaluation of IPCN implementation and enrollment, B) 
Clinical outcomes: PDQ-8, MDS-UPDRS part I-III, Geriatric Depression Scale, CGI-C, Assessment of Chronic 
Illness Case+/PACIC+, Zarit Caregiver Burden Questionnaire), C) Documentation of healthcare use and associated 
costs. Data analyses plan: Descriptive statistics; repeated measures linear regression analysis for changes over time 
(p<0.05). 
Results: In 6 months, we recruited 100 PwP. 105 eligible PwP did not participate mainly due to geographical 
distance/transportation (n=37, 35.2 %). After the IPCN program, there was a patient-reported improvement in 
chronic care experience (PACIC+: 1.1 95% CI 0.9 - 1.3 ), and 72 (76.6 %) caregivers were (much) satisfied. 58 
(63.7%) of PwP felt an improvement in their condition. Overall, non-statistical significant differences were found 
for lower mean monthly societal costs (C$ -239.44; 95% CI -549.53, 70.65) and improved health utility values 
(0.0003; 95% CI -0.0169, 0.0174). An improvement in health outcomes (PDQ8: 3.4, 95% CI 0.8 - 6.8) was 
documented only in the  ‘Advanced PD’ group. 
Conclusions: The IPCN was well received by PwP and care partners. Recruitment was efficient. Preliminary 
evidence suggests a positive impact of IPCN on the perception of chronic care, health-related quality of life and 
possibly societal costs. The data inform and support a future cluster randomized trial to evaluate the effectiveness of 
the IPCN. 

Other: Hypokinesia 

730 
Objective quantifiable assessment of nocturnal movements in patients with Parkinson’s disease using a 
wearable sensor 
A. Mirelman, I. Hillel, L. Rochester, A. Nieuwboer, B. Bloem, L. Avanzino, S. Shema-Shiratzki, I. Maidan, T. 
Herman, J. Cederbaum, N. Giladi, J. Hausdorff (Tel Aviv, Israel) 
Objective: We aimed to explore the relationship between impaired bed mobility, disease severity, and other factors 
putatively related to NH. 
Background: Nocturnal hypokinesia (NH) is a common motor problem in Parkinson’s disease (PD). Recent studies 
using wearable technologies reported that patients with PD have fewer nocturnal movements than controls. NH has 
been associated with relative under treatment during the night (nocturnal off periods). 
Methods: Subjects wore a tri-axial accelerometer continuously (24/7) on the lower back for >3 days. Nocturnal 
activity was extracted from 100Hz raw acceleration data, with lying defined based on the vertical axis. Turning was 
defined as a change in position that was sustained for at least 5 min while wake-time as upright position during the 
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night. Disease severity was classified using the Hoehn and Yahr (H&Y) staging scale. The MoCA was used to 
assess cognitive function and autonomic function was evaluated using the Non-Motor Symptom Questionnaire 
(NMS). All analyses were adjusted for age. 
Results: Data from 272 patients with PD were included in the analysis (H&Y1: n=36, H&Y2: n=150, H&Y3: 
n=86). Age and disease duration differed between the groups (p<0.005). Sleep duration was similar (H&Y1: 
7.8±1.3hrs; H&Y2: 8.1±1.3hrs; H&Y3: 8.1±1.4hrs; p=0.348). However, H&Y3 patients were more awake during 
the night than the two other groups (p=0.004) and the number and velocity of their turns in bed was significantly 
reduced (p<=0.004). Percent wake-time at night was associated with poorer cognitive performance (r=-0.141, 
p=0.014) and more non-motor symptoms (r=0.369, p<0.0001). Similarly, the number of turns during the night was 
positively correlated with cognitive performance (r=0.122, p=0.035) and less non-motor symptoms (r=-0.450, 
p<0.0001) while turning velocity was significantly associated with less non-motor symptoms (r=-0.254, p=0.004), 
but not with cognitive performance (p=0.844). 
Conclusions: Although sleep duration is similar in different disease stages, worse nocturnal movement at night is 
associated with increasing PD severity and worse dysautonomia. From a clinical perspective, the use of a wearable 
sensor for continuous monitoring at night could provide valuable information to enhance clinical care including 
optimal nighttime dopaminergic treatment and turning strategies. 

Other: Biomarker 

731 
Systematic Assessment of 10 diagnostic marker candidates in biological fluids for Parkinson’s disease 
B. Mollenhauer, R. Gera, N. Kruse, R. Barbour, W. Zago, S. Schade, B. Otte, C. Trenkwalder (Kassel, Germany) 
Objective: To validate in serum and/or cerebrospinal fluid (CSF) diagnostic biomarker candidates identified from a 
systematic literature search including markers on axonal and synaptic integrity, microglia and synuclein in a single-
center cross-sectional cohort of subjects with Parkinson’s disease (PD), neurological and healthy controls (NC and 
HC). 
Background: Objective diagnostic biomarkers are needed to support the clinical diagnosis and clinical trials. 
Methods: Commercially available kits or published protocols for the quantification of the candidate markers were 
validated by determining the lower limit of detection, precision, parallelism, spike recovery, dilution linearity, and 
plate to plate variabilty. Upon validation we selected assays for the following marker candidates: neurofilament light 
chain (NfL), phosphorylated neurofilament heavy chain (pNfH), tau protein (tau), Chitinase-3-like protein 1 (YKL-
40), glial fibrillary acidic protein (GFAP), Calcium-binding protein B (S100B), total and phosphorylated α-
synuclein (aSyn and phospho-aSyn) and triggering receptor expressed on myeloid cells 2 (Trem-2) as well as 
Ubiquitin C-terminal hydrolase L1 (UCHL1). The cohort comprised 358 PD subjects, 80 neurological controls with 
tau-protein aggregation disorders including PSP, AD, CBD and FTD/ALS, and 20 matched healthy control subjects. 
Results: The markers and group comparisons are shown in Table [1] 
Conclusions: Most marker candidates validated here showed significant difference to the healthy controls, but the 
stratification of PD versus clinically relevant neurological controls remain challenging. The levels of NfL, Trem-2 
and S100B were also interesting as a serum marker. 
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Other: Pharmacoepidemiology of Parkinson's disease 

732 
Trends in first line therapy for PD in Wales: A 16 year observational study 
K. Orayj, A. Lacey, A. Akbari, O. Pickrell, E. Lane (Cardiff, United Kingdom) 
Objective: To examine the changes in first line therapy of newly diagnosed Parkinson’s patients between 2000 and 
2016 in Wales. 
Background: There have been several evolutions in both guidelines and literature on PD treatment between 2000 
and 2016. Once approach to evaluating awareness of the changes in efficacy and safety in the medications’ profiles 
is by measuring prescribing patterns. 
Methods: We conducted a population-based study of residents in Wales, UK, aged 40 years or older and newly 
treated with PD medications between 2000 and 2016, using the Secure Anonymised Information Linkage (SAIL) 
Databank. Patient characteristics and comorbidities were extracted. The years of prescribing have been divided to 
three periods: 2000-2005 (reference group (ref)), 2006-2011, and 2012-2016. Patients ages were classified to three 
groups: 40-60 years (ref), 61-80 years, and > 80 years. A series of multilevel logistic regressions were run to 
determine the predictors of PD medication prescribing. General Practices nested within health boards were treated as 
two random intercepts. 
Results: We analysed profiles of 9,142 newly diagnosed PD patients during 2000-2016. L-dopa was the most 
common first line therapy (80.6%) followed by non-ergot DAs (12.9%) and MAO-B inhibitors (7.9%). Odds of L-
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dopa prescribing were greater in patients aged > 80 years (P = 0.001; OR, 20.46; 95% CI; 16.25-25.76) and in 2012-
2016 (P = 0.001; OR, 1.98 95% CI; 1.70-2.29). Prescribing of non-ergot DAs and MAO-B inhibitors was 
significantly lower in patients aged > 80 years (P = 0.001; OR, 0.06; 95% CI; 0.05-0.08 and P = 0.001; OR, 0.13; 
95% CI; 0.10-0.18 respectively), however, their odds of prescribing in 2012-2016 were varied (P = 0.001; OR, 0.42; 
95% CI; 0.35-0.49 and P = 0.001; OR, 2.39; 95% CI; 1.91-3.01 respectively). There were no significant differences 
between males and females in prescribing PD medications except that females were significantly less likely to be 
prescribed MAO-B inhibitors (P = 0.002; OR, 0.77; 95% CI; 0.65-0.91). 
Conclusions: First line therapy in PD between 2000 and 2016 in Wales underwent a significant switch towards L-
dopa in all PD patients regardless of age. However, age was a major determinant of prescribing, which aligns with 
our understanding of the use of dopamine agonists in cognitive impairment, and also recent literature showing that 
delaying levodopa therapy in younger patients did not result in a better quality of life in the long term. 

Other: Technology, Cross-Culture 

733 
Cultural bias in performance of motor tasks? Comparison between Japanese and German healthy adults 
K. Otte, M. Suzuki, H. Röhling, R. Kuroiwa, S. Mansow-Model, M. Mori, H. Zimmermann, A.U. Brandt, F. Paul, S. 
Hirano, S. Kuwabara, T. Schmitz-Hübsch (Berlin, Germany) 
Objective: To evaluate the cross-cultural applicability of an instrumental assessment of motor function by 
comparing healthy adult German and Japanese cohorts. 
Background: Device-based quantitative assessment of motor function has become increasingly available, allowing 
standardized and comparable function measurement across borders and cultural backgrounds. If such methods are 
applied to screen for pathology of motor function, normative data are crucial as a reference point, but little is known 
about influences of different cultural backgrounds or ethnicities on motor function. 
Methods: Thirty healthy adults (f:13, m:17, age: 23-45) from Chiba, Japan, performed 12 different motor tasks 
recorded with a marker-free 3D camera system for motion analysis (Motognosis Labs). An identical set of tasks was 
recorded using the same device and standard operator instructions in an age- and BMI-matched sample of 30 
German healthy adults (f:18, m:12, age:18-42) from Berlin, Germany. 
Motor tasks included a short gait (in comfortable (SCSW) and maximum speed (SMSW)), tandem-gait (SWL), 
stepping in place (SIP), standing up and sitting down (SAS), stance with open and closed eyes (with and without 
cognitive dual task (POCO-D and POCO)), finger-nose test (FNT), finger tapping test (FTT) and pronator drift test 
(PDT). 
We compared motor outcomes in Japanese and German subjects by independent t-test and Cohen’s D indicating 
effect size (ES). 
Results: There was no significant group difference for most performed motor tasks (POCO, POCO-D, SMSW, 
SCSW, SWL, FTT, FNV, PDT). Still, significant differences were found in time required to stand up (p<.001, ES: 
.99), sit down (p<.001, ES 1.40), and in cadence during SIP (p<.001 ES: -1.17), where in all tests the Japanese group 
featured faster performance. 
Japanese subjects also showed a smaller range of motion in hand usage during SAS (up: p<.001, ES 1.71 and down 
p<.001, ES 1.78). 
Conclusions: With consistent technical set-up and assessment procedures, we found differences with ES >0.99 in 
the execution of the SAS and SIP task. Japanese subjects at group level featured much faster performance with less 
use of arms in SAS. Since environmental factors at assessment, age as well as BMI were controlled in this study, the 
observed difference may be explained as cultural bias. Presented results indicate importance of population-specific 
norms for cross-cultural application of instrumental motor assessment. 
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Other: Gait Analysis, Technology 

734 
Wearable versus marker-free technologies: does it matter for clinical gait analysis? 
K. Otte, D. Drebinger, H. Röhling, T. Vater, D. Kroneberg, M. Voigt, B. Kayser, S. Mansow-Model, A.U. Brandt, F. 
Paul, A. Lipp, T. Schmitz-Hübsch (Berlin, Germany) 
Objective: To compare wearable sensor-based and marker-less 3D video-based gait analysis in two 
neurodegenerative disorders associated with gait dysfunction. 
Background: Quantitative gait analysis supports diagnosis of neurodegenerative disorders. Technological 
approaches differ, and there is uncertainty about comparability of derived parameters. 
Methods: Patients with Parkinson Disease (PwPD, N=9, f:4, MDS-UPDRS III: 23.25 (+-11.9)) and Multiple 
Sclerosis (PwMS, N=19, f:8, EDSS: 3.2 (+- 1.4)), and healthy subjects (HC, N=24, f:12) were recorded with two 
different gait analysis systems. Wearable sensors (MoL; Mobility Lab, APDM) recorded subjects waking 7m back 
and forth in comfortable and maximum speed. With same speed instructions, very short walks (<3.5m) towards a 3D 
camera using marker-less visual-perceptive motion capture (VPC; Motognosis Labs using Microsoft Kinect V2) 
were performed. For comfortable speed walk, gait speed, stride length and cadence were derived from both systems, 
whereas for maximum speed walk, only gait speed was used. Independent t-test and Cohen’s D were used to 
determine disease effects against HC. Agreement between both systems were described by Spearman’s Rho. 
Results: Both systems showed good correlations with lowest in comfortable gait speed in HC (rho=.68) and highest 
in maximum gait speed in PwMS (rho=.s87). In PwMS, comfortable speed walk, gait speed and cadence were lower 
than in HC for VPC (gait speed* D: -.96; cadence* D: -1.03), but not for MoL. Differences at maximum gait speed 
were more pronounced and observed with both systems (CPV**;  D: -1.27; MoL**; D: -1.08).In PwPD, both 
systems detected lower comfortable walk gait speed and stride length than in HC in (gait speed (VPC* D: -1.5; 
MoL** D: -1.4); stride length (VPC* D: -1.6; MoL** D: -1.1)) and lower maximum gait speed (VPC** D: -1.7; 
MoL** D: -2.1). (* p<.01 **p<.001) 
Conclusions: Results from marker-free (VPC) and wearable (MoL) systems showed good agreement, despite 
differences in methodology and performed tasks.  In maximum gait speed for PwMS, VPC showed higher effect 
sizes, MoL effect sizes were higher in PwPD. Results generally fitted disease effects expected from the literature 
and in combination with outcomes relating to disease severity, both systems might be beneficial to use in clinical 
routine. 

Other: Parkinson's disease 

735 
CSF levels of NFL (neurofilament light chain) in Parkinsons’ disease patients 
E. Papuć, K. Rejdak (Lublin, Poland) 
Objective: The aim of this study was to assess cerebro-spinal fluid (csf) NFL levels  in PD patients and healthy 
controls subjects. 
Background: Neurofilament light chain (NFL) is one of 3 subunits of neurofilaments, which all belong to the 
cytoskeletal proteins and are present mainly in largery myelinated axons. 
CSF NFL levels have established position as biomarker in differential diagnosis between PD and atypical 
parkinsonism.  Some studies also confirmed the increased csf NFL levels in PD patients in comparison to healthy 
controls. Nevertheless data on  the difference in csf NFL levels between PD  and healthy controls are  equvical. 
Thus we decided to compare csf levels in PD patients and helathy control subjects. This would be potentially of 
interest in preclinical stage of PD. 
Methods: Subjects were 28 patients with PD and 28 healthy controls. All PD and control subjects underwent csf 
examination. All PD patients were assessed in UPDRS by neurologist specialized in movement disorders. Patients’ 
cognitive status was assessed in MMSE. NFL levels in csf were assessed using ELISA kit. 
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Results: We found statistically significant differences in csf NFL levels between PD patients and healthy controls 
(776,31± 698,83 vs 394,96 ±591,67 pg/nl; p<0.05). We have not found correlation between csf NFL levels and 
cognitive status assessed in MMSE, disease duration, disease stage assessed in Hoehn-Yahr scale, or disease 
severity assessed in UPDRS. 
Conclusions: Our small study revelaled significantly increased csf NFL levels in PD patients. However it is still 
unclear, whether disease stage, disease duration and severity may be correlated with csf NFL levels, as our cohort of 
patients was very small.  Further studies on larger group of patients are required to explore whether csf derived NFL 
can be used in future as a biomarker of neurodegenerative proces in PD, especially in early, preclinical stage of PD. 
References: [1]. Ge F, Ding J, Liu Y, Lin H, Chang T. Cerebrospinal fluid NFL in the differential diagnosis of 
parkinsonian disorders: A meta-analysis. Neurosci Lett. 2018 Oct 15;685:35-41. [2]. Constantinescu R, Rosengren 
L, Johnels B, Zetterberg H, Holmberg B. Consecutive analyses of cerebrospinal fluid axonal and glial markers in 
Parkinson's disease and atypical Parkinsonian disorders. Parkinsonism Relat Disord. 2010 Feb;16(2):142-145. 

Other: Technology 

736 
Update from the international MDSGene initiative: International team science to perform genotype-
phenotype correlations for hereditary movement disorders 
S. Petkovic, S. Schaake, J. Huang, H. Madoev, A. Rasheed, K. Lohmann, C. Klein, C. Marras (Luebeck, Germany) 
Objective: The international MDSGene initiative aims to extract, summarize, curate, and illustrate data from 
movement disorder patients on the phenotypic and mutational level for which literature is available in English. 
Background: A substantial increase in the number of publications and the spectrum of reported variants potentially 
causative for movement disorders requires a systematic approach to distinguish between relevant and irrelevant 
information for diagnosis. To address this need, the Movement Disorder Society Genetic Mutation Database 
(MDSGene), a freely accessible online resource (http://www.mdsgene.org), compiles and organizes genetic and 
phenotypic data for the movement disorder community. 
Methods: The >95 members of the international MDSGene team mainly in the USA, Canada, Australia and Europe 
use the recommendations of the MDS Task Force for Nomenclature of Genetic Movement Disorders as a basis for 
gene selection. Once a gene is chosen, data extraction and curation is performed according to MDSGene’s 
standardized data extraction protocol whereas variants are undergoing a pathogenicity scoring procedure to identify 
disease-causing variants. 
Results: MDSGene currently contains >1100 variants reported in >5700 movement disorder patients in >1000 
publications. This includes 35 genes covering chorea (ADCY5, NKX2-1, PDE10A), dystonia (TOR1A, KMT2B, 
THAP1, GNAL, ANO3, PRKRA, HPCA), dystonia/parkinsonism (GCH1, QDPR, SLC30A10, SLC6A3, TAF1), 
hereditary spastic paraplegia (REEP1), Parkinson's disease (PINK1, Parkin, DJ-1, SNCA, VPS35, LRRK2), atypical 
Parkinson’s disease (SYNJ1, DNAJC6, ATP13A2, FBXO7, DCTN1), paroxysmal movement disorders (PNKD, 
PRRT2, SLC2A1 and KCNA1, SLC1A3), and familial brain calcification (PDGFB, PDGFRB, SLC20A2, XPR1). 
Demographic information is available as well as detailed clinical data concerning motor and non-motor signs of 
movement disorders. 
Conclusions: The international MDSGene initiative provides a wealth of carefully curated clinical and genetic 
information. These data are disseminated via MDSGene Systematic Reviews, the MDSGene website, editorials, 
videos, workshops and lectures. This global approach will assist establishing genetic diagnoses and guide research in 
the field of hereditary movement disorders. 
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Other: Cell model and therapeutic intervention for synucleinopathies 

737 
Investigation of the protective efficacy of alpha-synuclein-specific antibodies in a novel neuronal cell model 
for synucleinopathies 
A. Peukert, M. Höllerhage, W. Zago, G. Höglinger (Munich, Germany) 
Objective: To investigate the protective efficacy of different alpha-synuclein (α-Syn)-targeting antibodies in a new 
model of α-Syn cell-to-cell spread. 
Background: The 14 kDa protein α-Syn is considered to be a key player in the pathogenesis of Parkinson’s disease 
(PD) and dementia with Lewy bodies. Cell-to-cell transmission of α-Syn is the likely mechanism responsible for 
spreading pathology throughout the brain. However, the precise nature of the transmissible α-Syn species is still 
unknown. A primary goal in PD research is to find novel therapies to prevent disease progression. Passive 
immunotherapy using monoclonal antibodies is one possibility to achieve this goal. Tailoring antibodies to target 
defined transmissible α-Syn species could optimize  therapeutic efficacy and minimize potential side effects. 
Methods: In the present study, an in vitro model in Lund human mesencephalic (LUHMES) cells was established to 
quantify the protective efficacy of monoclonal antibodies targeting α-Syn. Death of GFP-expressing cells was 
monitored with optical read-outs, when co-cultured with α-Syn-overexpressing cells. Western blots were used to 
identify α-Syn species present in the cell culture medium. A spectrum of α-Syn-targeting antibodies was tested for 
differences in their epitope binding, their affinity towards α-Syn monomers, oligomers and aggregates (dot blot and 
Western blots), and their protective efficacy against α-Syn-induced toxicity. 
Results: We found increasing degeneration of the GFP-expressing cell population with an increasing proportion of 
α-Syn-overexpressing cells in the co-culture. In this model, a subset of monoclonal α-Syn-specific antibodies against 
C-terminal or N-terminal part of α-Syn protected the GFP-expressing cells from cell death to a variable extent. The 
affinity towards monomeric recombinant α-Syn was not sufficient to explain the relative protective efficacy of the 
antibodies. The tested antibodies, however, showed different affinity towards distinct α-Syn species in the medium 
(fragments, monomers,  oligomers, fibrils), which correlated with the protective efficacy. 
Conclusions: Our new model generates relevant insights into the nature of the α-Syn species involved in cell-to-cell 
spread and allows testing of α-Syn-specific antibodies as therapeutic agents for synucleinopathies. 

Other: Remote objective monitoring of Parkinson's symptoms 

738 
Wearable sensor use and monitoring effect of dopamine replacement therapy on motor parameters in a real 
life clinical setting 
A. Podlewska, D. van Wamelen, A. Sauerbier, V. Leta, D. Trivedi, M. Parry, K. Ray Chaudhuri (Lodnon, United 
Kingdom) 
Objective: To explore the usefulness of wearable sensor data to inform treatment decisions in PD. 
Background: Wearable sensors are becoming increasingly incorporated into clinical care surrounding Parkinson’s 
Disease (PD). Although the value of wearable sensors for monitoring of dopamine replacement therapy (DRT) has 
been shown in cross-sectional settings, its use in longitudinal clinical setting remains largely unexplored. 
Methods: Longitudinal analysis of wearable sensor data (Parkinson’s Kinetigraph; PKG) in an unselected cohort of 
100 patients with PD. Wearable sensor data included bradykinesia (BK) and dyskinesia (DK) scores. For each 
patient, demographic data and changes to dopaminergic medication regime were recorded and PKG data was 
available at baseline and at 3 months interval. Patients who had their medication regime changed (group 1, n=29) 
were compared to those with no change (group 2, n=71) using Mann-Whitney U test and intergroup changes were 
assessed by the Wilcoxon signed rank rest. Data is presented as mean ± standard deviation. 
Results: At baseline, patients (57 male, 43 female) had an average age of 66.2 ± 9.3 years, and disease duration of 
8.8 ± 6.4 years. The cohort was followed up for 2.9 ± 0.8 months. No differences were observed in baseline 
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demographics between groups . At baseline, average BK was 29.6 ± 8.8 (group 1) and 27.3 ± 8.6 (group 2) (p=0.26). 
Average DK for group 1 was 3.0 ± 3.9 and 5.9 ± 18.2 for group 2 (p=0.68). In group 1, BK scores significantly 
improved (p=0.001) while DK worsened  (p=0.011), yet still remaining within the non-troublesome range. No group 
differences were observed in BK and DK scores at follow-up (p≥0.34). 
Conclusions: The study shows that wearable sensors could be sensitive to key motor changes after DRT and may 
add to implementation of value based healthcare with remote monitoring in future. 

Other: movement disorders in cerebrovascular disease 

739 
Cerebral cavernous malformations and movement disorders 
M. Polemikos, E. Hermann, J. Krauss (Hannover, Germany) 
Objective: To present the unusual occurrence of movement disorders (MD) secondary to cerebral cavernous 
malformations (CCM). 
Background: CCM most frequently become manifest by seizures, focal neurologic deficits and headaches. MDs 
secondary to CCM have only been rarely described in thalamic, basal ganglia and brainstem CCM. Owing to their 
rarity, the natural history and optimal treatment of associated MDs remains unclear. 
Methods: In this study we included all patients with MD associated to a CCM that presented in our department over 
a period of 10 years. 
Results: We encountered a total of 6 patients (5 women and 1 man). Mean age was 38,5 years (range: 16-77 years). 
In all cases radiographic signs of previous haemorrhage was evident. MDs included following with CCMs in various 
locations: hemiparkinsonism – anterolateral pontomesencephalon (1); chorea – subthalamic region (1); tremor – 
subthalamic region/dentothalamic pathways (2); dystonia – putamen/thalamomesencephalic region (2). Two patients 
underwent surgical removal of the CCM with subsequent resolution of MDs. One patient had radiosurgery with 
disappearance of tremor but occurrence of spasticity. In three patients with moderate severity of MDs a wait-and-see 
strategy was adopted. 
Conclusions: Treatment of MDs secondary to CCM is challenging because of their location. The optimal strategy 
can be chosen only on an individual basis. Location of the CCM, bleeding history, symptom severity and duration 
are factors that should be considered. Surgery remains a primary therapeutic option possibly providing cure in 
experienced neurosurgical centers. Stereotactic radiosurgery can be used in deep-seated or surgically inaccessible 
CCM. 
References: Ghaemi K, Krauss JK, Nakamura M. Hemiparkinsonism due to a pontomesencephalic cavernoma: 
improvement after resection. Case report. J Neurosurg Pediatr. 2009;4(2):143-6. 

Other: Hemi masticatory spasm 

740 
Hemi masticatory spasm (HMS) : Series of 7 cases 
D. Radhakrishnan, V. Goyal, G. Shukla, M. Singh (New Delhi, India) 
Objective: To report retrospective review of seven cases of Hemi masticatory spasm (HMS), supported by 
electrophysiological and clinical findings. 
Background: Hemi masticatory spasm (HMS) is a rare movement disorder affecting muscles of mastication due to 
dysfunction of motor branch of trigeminal nerve and is characterized by painful spasm of masticatory muscles. 
Methods: We enrolled a total of 7 patients with HMS (4 males and 3 females) over a period of 4 years (2013-2017) 
from our institute, a tertiary care referral center in northern part of India. 
Results: All patients presented with unilateral painful spasms involving either masseter or temporalis muscles or 
both, triggered by activities like chewing, talking, clenching of teeth or voluntary tapping of the involved muscles. 
All patients reported increasing severity and frequency of spasms over time and continuous rippling movements of 
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the jaw during each episode. There was associated Lichen Sclerosus et Atrophicus (LSA) with segmental morphea 
(involving left side of face & neck, back of trunk, left upper & lower limb) in one patient and localised scleroderma 
of face in 2 patients. Associated muscle hypertrophy (masseter) was seen in 3 cases (4,5 & 7) and FHA was seen in 
other cases (1-3, 6). Surface electromyography (EMG) showed spontaneous irregular bursts of high frequency motor 
unit potentials arising from involved muscles during spasm and disappearance of discharges at rest, ruling out 
possible functional etiology. Masseter inhibitory reflex (done in 2 patients, case 1, & 6) showed loss of inhibition in 
form of absent silent period during spasms. All 7 patients initially received phenytoin (dose 250-300mg/day) 
without any sustainable effect. However both pain and spasms showed excellent response to local 
Onabotulinumtoxin-A injection in all patients. All of them reported at least 70-80% improvement of pain and 
spasms (Global subjective assessment) at last follow up. 
Conclusions: In this paper we highlight the delay in diagnosis of HMS due to rarity, long course of illness, 
association with hemiatrophy, “Lichen Sclerosus et Atrophicus” (LSA) and scleroderma / morphea. Considering the 
favorable outcome to botulinum toxins surgical treatment can be avoided or delayed in majority except secondary 
cases. 

Other: Patient engagement 

741 
Patient organisation collaboration to advance patient engagement in Parkinson's research 
N. Ratcliffe, K. Schroeder (London, United Kingdom) 
Objective: Developing a model for international collaboration on patient engagement with patient organisations and 
industry. 
Background: Involving people affected by health conditions in research is key to delivering high quality, successful 
research that is relevant to patient’s needs [1]. As patient engagement becomes embedded as an essential element of 
the research process, patient organisations play a key role in supporting patient engagement in research, providing 
expert advice and guidance on how to successfully work with patients to deliver better research outcomes [2]. 
Parkinson’s UK and Parkinson’s Foundation have both developed programmes to support researchers and people 
affected by Parkinson’s to work together, and over the last five years have been working in partnership to develop 
and share good practice. In 2018, the two organisations began an international collaboration with pharmaceutical 
company UCB to work with people affected by Parkinson’s on clinical outcomes assessment research. 
Methods: Six people affected by Parkinson’s (3 UK and 3 US) were recruited as patient advisors for the project. All 
had undergone training through their respective patient organisation’s involvement programme. Advisory group 
meetings were held over Skype and involved the research team, patient advisors and the patient involvement leads at 
Parkinson’s UK and Parkinson’s Foundation. Patient involvement throughout the project was planned and assessed 
using the PFMD patient engagement quality guidance. 
Results: This ongoing project provides a model for international collaboration on patient engagement in Parkinson’s 
research. Patient advisors have been involved at various levels throughout the project, from information sharing and 
consultation to co-production and joint decision-making. Parkinson’s UK and Parkinson’s Foundation have played a 
key role in supporting the research team and patient advisors to work together, drawing on each other’s best 
practices to optimise patient engagement. The international scope of the project has helped ensure a variety of 
perspectives are incorporated to better meet the needs of the global Parkinson’s community. 
Conclusions: It is imperative that new therapies for Parkinson’s meet the needs of the global community. 
International collaborations amongst patient organisations are key to advance this effort. As best practice models 
emerge, it will be important to expand this beyond Western countries. 
References: [1] Brett J, Staniszewska S, Mockford C, Herron-Marx S, Hughes J, Tysall C, et al. Mapping the 
impact of patient and public involvement on health and social care research: a systematic review. Health Expect. 
2014;17(5):637–50. [2] Staley K. An evaluation of a pilot project of Patient and Public Involvement in research at 
Parkinson’s UK. Edited by Parkinson's UK. 2016. London. 2016. 

This article is protected by copyright. All rights reserved.



Other: PD Motor symptoms monitoring 

742 
STAT-ON: a Wearable Inertial System to Objectively Evaluate Motor Symptoms in Parkinson’s Disease 
D. Rodriguez-Martin, C. Pérez-López, A. Samà, M. Pié, A. Català, J. Cabestany, A. Rodríguez-Molinero (Cornellà 
del Llobregat, Spain) 
Objective: We present a wearable inertial system for the evaluation of motor symptoms in Parkinson's Disease. 
Background: PD is the second neurodegenerative disease affecting to around 10 million people around the world 
and some studies are claiming that this number will double by 2040. Parkinson’s Disease (PD) is characterized by a 
big number of motor symptoms that severely affects the function of a person and that usually, are difficult to assess 
in current clinical practice. 
The use of inertial systems in the field of health has meant a great advance in the enhancement of quality of life of 
people with some health problem and, more concretely, in the field of Parkinson’s Disease (PD). Current evaluations 
are based on questionnaires or specific tests at the doctor’s office, where the patient does not show the real 
symptoms suffered at their homes. Other methods are diaries, but they have reduced compliance and recall bias. 
Methods: STAT-ON® is a certified medical device capable to detect PD motor symptoms through the execution of 
real-time embedded algorithms. This is a wearable device that works as a Holter, enabling a long-term monitoring of 
the patient in patient’s natural environments. 
All the algorithms have been trained in a database with 92 patients with PD, being, as far as authors know, the 
largest inertial database with PD patients. The embedded algorithms detect: ON/OFF states, bradykinetic gait, 
dyskinesia, freezing of gait, gait parameters and quantity of movement. 
Results: In the field of Parkinson’s Disease, STAT-ON® presents results of geometric mean between sensitivity 
and specificity in bradykinesia of 0.84, 0.94 in dyskinesia, 0.85 in freezing of gait and 0.93 in ON-OFF detection. A 
total of 143 patients have participated in validation studies such as UPDRS correlation and diaries vs sensor 
outcomes comparison. 
Conclusions: The STAT-ON® system is capable to objectively evaluate the motor state of a patient in his/her daily 
life activities acting as a Holter. 

Other: Biomarkers 

743 
MicroRNA Expression in the Diagnosis of Parkinson’s Disease 
J. Roy, D. Guévremont, A. Garvey, N. Cutfield, J. Williams (Dunedin, New Zealand) 
Objective: To identify plasma-derived microRNAs (miRNAs) to serve as potential diagnostic and prognostic 
biomarkers of Parkinson’s disease (PD). 
Background: PD is characterized by the progressive loss of dopaminergic neurons in the substantia nigra. Current 
clinical tests for PD provide insufficient diagnostic accuracy leading to an urgent need for biomarkers. MiRNAs are 
small non-coding RNAs which participate in post-transcriptional control of gene expression. The utility of miRNAs 
as biomarkers lie in their stability and ease of measurement within various biofluids, including plasma. 
Methods: PD patients (n=35) and age and sex-matched controls (n=34) were recruited from Dunedin, New Zealand. 
A subgroup of patients (n=26) were reassessed longitudinally after 4 years. The following data were obtained: 
Unified Parkinson’s Disease Rating Scale, Montreal Cognitive Assessment, demographics, sleep quality, anxiety, 
depression, and dyskinesia severity. Fasting blood was collected at baseline and at 4-years. RNA was isolated from 
EDTA-plasma (mirVANA PARIS). Neuropathology-related miRNAs (n=187) were measured using custom-
designed low-density TaqMan arrays. Data were normalized using R version 3.4.3 (library HTqPCR, normrank). 
Differentially expressed miRNAs were identified using the ∆∆Ct method and the Mann-Whitney-U test for 
significance (Benjamini-Hochberg, p<0.05). 

This article is protected by copyright. All rights reserved.



Results: We found 12 differentially expressed miRNAs in PD patients compared to controls (adjusted p<0.05) [9 
upregulated (fold change: 1.31–1.73), 3 downregulated (fold change: 0.68–0.82)]. In the longitudinal assessment of 
patients, 13 miRNAs were differentially expressed (adjusted p<0.05) [6 upregulated (fold change: 1.30–1.80), 7 
downregulated (fold change: 0.59–0.86)]. One miRNA was common between the analyses, although the direction of 
change was incongruent (up in PD vs control; down in longitudinal PD), supporting the importance of further 
investigation into the interaction of this miRNA with underlying pathology. 
Conclusions: Our results suggest that specific groups of miRNAs are altered at different stages of PD and could 
serve as biomarkers of diagnosis and disease progression. Early diagnosis is crucial for the development of 
breakthrough therapies, introduction of preventative treatments and improvement of patients’ quality of life. Further 
investigation of these miRNAs and their downstream targets will enable a better understanding of the underlying 
pathology associated with PD. 

Other: theraputic devices, balance and parkinsonism 

744 
Effect of Balanced Based Torso Weighting on gait in parkinsonism 
D. Safarpour, M. Mancini, C. Murchison, S. Wood, A. Lesher, J. Duda, J. Morley (Portland, OR, USA) 
Objective: To examine the effect of Balance based Torso Weighing (BBTW) on immediate gait and balance 
outcomes in patients with parkinsonism (PWP) with clinical balance difficulties. 
Background: PWP are at increased risk of falls due to postural instability. Common interventions for management 
of postural instability in these patients often have inadequate benefits. There is a need for interventions that can 
improve balance in this population.  BBTW, a Commercially available device that uses weight placements based on 
individual responses to balance perturbations, has shown improvement of gait and balance in patients with multiple 
sclerosis.1 
Methods: Using the Mobility Lab system (APDM) with 6 wearable sensors placed on feet, wrists, sacrum and 
sternum, we objectively assessed different aspects of balance, namely static balance (quiet standing), preparation to 
gait (Anticipatory Postural Adjustments), ongoing gait and turning in 20 PWP. Trials were: 1) baseline (BBTW 
without weights), 2) BBTW with therapeutic weights, 3) BBTW with sham weights. Order of the last two conditions 
was randomized. Patient and clinician global impression of change (PGIC, CGI respectively) evaluated changes in 
gait after each condition. Subjects and raters were blinded to treatment arms. Mixed-effect models was used 
accounting for repeated measurements over time and serial correlation within individual subjects. 
Results: Twenty subjects completed the study. All subjects were men, age 70.4±10 years. There was no significant 
improvement in quiet stance, ongoing gait or turn between sham and therapeutic groups. The only positive outcome 
was Postural preparation to gait (APA magnitude) that showed significant improvement with therapeutic weights ( 
Sham (Mean ± SD): 0.43 ± 0.25 and therapeutic weight: 0.29± 0.11, p= 0.01). There was no difference between 
patient or physician’s report of change with therapeutic or sham weights (p= 1.00 and p= 0.66 respectively). 
Conclusions: In this pilot study, using BBTW did not acutely improve objective gait measures in PWP except for 
APA. Limitations include small sample size, short duration of BBTW treatment and many objective measurements 
tested which could lead to false positives related to multiple comparisons. However, APA can minimize postural 
perturbations that are about to occur and influence balance. longer studies and larger cohort are warranted to 
examine benefits and mechanisms of BBTW rehabilitation outside of office settings. 
References: 1. Horn, K.K., et al., Effects of Torso-Weighting on Standing Balance and Falls During the Sensory 
Organization Test in People with Multiple Sclerosis. Int J MS Care, 2018. 20(2): p. 68-75. 
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Other: Neurotoxins in movement disorders 

745 
Inhibition of mitochondrial complexes induces unique transcriptomic and epigenetic profiles: implications to 
neurodegeneration induced movement disorders 
R. Sathyanarayanan, S. Bharath (Bangalore, India) 
Objective: To compare the neurotoxicological hallmarks induced by inhibitors of mitochondrial complex I (CI- 1- 
methyl-4- phenylpyridinium; MPP+), complex II (CII- 3- nitropropionic acid; 3- NPA) and a non- mitochondrial 
toxin (Manganese) with implications for neurodegenerative disorders (NDDs) including Parkinson’s disease (PD), 
Huntington’s disease (HD) and atypical PD (Manganism) respectively. 
Background: Neurodegeneration manifesting as movement disorders share overlapping anatomical and 
biochemical networks that are compromised during the disease. Most of the degenerative changes have 
multifactorial etiology, all converging at mitochondrial dysfunction. Inhibition of mitochondrial complex activity is 
reported in PD and HD, but the neurotoxicological hallmarks induced by neurotoxins inhibiting these complexes 
remain unknown. Further, epigenetic mechanisms governing degenerative pathways in these diseases remain 
unclear. 
Methods: N27 neuronal cells treated with MPP+, 3- NPA and Mn at their LC50 concentrations were subjected to 
whole genome transcriptomics. Bioinformatics analysis established common/ exclusive networks regulated by the 
toxins, which were validated by immunoblotting and qRT- PCR.  Biochemical, ultrastructural and epigenetic 
methods were employed to assess the down-stream events following toxin exposure. 
Results: Transcriptomics data revealed differential regulation of genes across the genome, which were significantly 
different among the treatment groups. Gene ontology analysis showed autophagy as one of the prominent players 
exclusively in the 3- NPA model. Further analysis from qRT- PCR and immunoblotting revealed growth factor 
mediated regulation of autophagy via the mTORC2 pathway in the 3-NPA model. Epigenetic profiling by 
assessment of histone acetylation signature showed a significant increase in acetylation of H3K56 and H4K5 that 
was unique to 3- NPA treatment. ChIP- seq analysis with H3K56Ac upon 3- NPA treatment correlated with the 
transcriptomics data with significant acetylation in genes associated with autophagy. 
Conclusions: Movement disorders show unique transcriptomic and epigenetic signature at the neuronal level, 
thereby highlighting the toxin-specific molecular mechanisms and their influence on the degenerative changes 
observed in various NDDs. 

Other: Cognitive and Motor App 

746 
Utility of a smartphone app in discretely assessing and monitoring symptoms of Parkinson’s disease 
N. Shaafi Kabiri, A. Best, S. Johnson, B. Ho, G. Eden, B. Dupee, M. Fedorovsky, J. Severson, D. Amato, B. 
Severson, J. Bhangu, J. Cosman, M. Erb, K. Thomas (Boston, MA, USA) 
Objective: To assess the utility of a cognitive and motor battery on a smartphone/smart watch combination in an at-
home setting for remote assessment of PD symptoms by evaluating participants’ adherence and the association 
between outputs of these assessments and relevant subscales of MDS-UPDRS Part III. 
Background: The current gold-standard method to assess and monitor motor impairment in PD is MDS-UPDRS 
Part III which must be administered in person by a trained specialist, limiting the frequency with which it can be 
utilized and imposing burden to the research participant. The applicability and use of mobile sensors and smartphone 
applications to objectively assess the clinical features of PD, enabling remote monitoring of symptoms, have gained 
increasing interest. The use of such technologies may aid in the diagnosis of PD and improve monitoring of disease 
progression. A comprehensive set of activities were developed in a mobile app (MAP-PD Study) to capture 
cognitive and motor deficits of PD. Finger Tapping tasks have been used to objectively assess bradykinesia and 
shown negative associations with UPDRS Part III score. 
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Methods: 22 PD participants (12 female, 64±6.8 years) in HY stage III or below and 22 controls (12 female, 62±7.2 
years). Both groups had a score of 26 or greater on the MMSE and were matched for age, education, and sex. Both 
groups completed the MDS-UPDRS and smartphone based cognitive and motor battery in lab, continued to perform 
the digital battery at home for 7 days, and repeated the same battery and MDS-UPDRS on day 9(±4) in lab. The 
digital battery included symptom tracker, DSST, TMTA and B, VSTM, finger tapping, fine motor, walking, balance, 
and resting tremor assessments. 
Results: PD and control participants successfully completed 95.9% and 89.9% at-home digital activities, 
respectively. In session1, the control group had a higher number of total taps, lower inter-tap interval, and lower tap 
duration than the PD group, all p<.05; however, there was no significant difference between groups on the total 
number of tap errors, p>.05. Neither group in session1 showed a significant association between the digital finger 
tapping total score and MDS-UPDRS Part III score or finger tapping subscore. 
Conclusions: Remote administration of motor and cognitive tasks by a smartphone and smart watch application is 
feasible and may be a useful tool for monitoring PD disease progression outside the clinic. 

Other: Language characteristics in Parkinson's disease 

747 
Language characteristics of picture description task by Hebrew speaking patients with Parkinson's disease 
D. Shpunt, S. Naor, N. Diamant, A. Faust-Socher, H. Shabtai, R. Peled, A. Migirov, T. Gurevich, Y. Manor (Tel 
Aviv, Israel) 
Objective: To characterize picture description by patients with PD Hebrew speakers. 
Background: Non-motor symptoms in Parkinson’s disease (PD) such as cognitive decline, depression and language 
deficits influence communication abilities of people with Parkinson and thus worsen their quality of life. Language 
disorders of patient were studied in many languages across the globe but not in Hebrew. 
Methods: 11 PD patients and 11 healthy control (HC) were asked to describe the "cookie theft" picture from the 
Boston Diagnostic Aphasia Examination (BDAE). All participants underwent the Montreal Cognitive Assessment 
(MoCA). In addition, the PD patients underwent the Parkinson’s disease quality of life questionnaire (PDQ8). 
Content information of picture description was manually analyzed. 
Results: PD patients mean Hoehn & Yahr 2.68±0.75; disease duration 13.64±7.56; and PDQ-8 9.81±6.3. Mean age 
of PD/HC 63.09±6.9/60.09±3.44 respectively. MoCA mean scores of PD/HC 22.18±5.41/27.27±2.19 respectively. 
Total score of picture description units was significantly higher for HC vs PD subjects 14.27±1.95/10.36±3.8 
)p<0.05(. In addition, HC regarded to more objects than PD patients significantly 6.0±0.77/4.18±1.66 (p<0.05) such 
as sink 100%/45% (p<0.05). The PD patients related to the action washing dishes significantly different than HC. 
While PD patients related significantly more to the object plate 64%/9% (p<0.05) HC related significantly more to 
the object dishes 82%/27% (p<0.05). Correlation between content of picture description and MoCA was not found. 
Conclusions: PD patients demonstrated decreased language abilities in picture description task in comparison to HC 
participants, which was not explained by cognitive decline. The "cookie theft" picture may be used for language 
evaluation for patients with PD. Further studies of language characteristics in Hebrew in PD should be conducted 
and language evaluation should be a part of the assessment in order to adjust the proper language treatment for the 
improvement of communication skills of the patients. 

Other: Progressive Supranuclear Palsy: Genetic and Biomarker Profiles 

748 
Clinical Correlates of Genetic and Biomarker Profiles in Patients with Progressive Supranuclear Palsy: Data 
from the ARISE Study 
H. Soares, Z. Jin, N. Fisseha, M. Gold, C. Locke, B. Rendenbach-Mueller, E. Smith, I. Suridjan, A. Vasanthakumar, 
N. Mendonca (North Chicago, IL, USA) 
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Objective: To characterize the genetic and biomarker profile of patients with Progressive Supranuclear Palsy (PSP) 
and the relationship of potential biomarkers with baseline disease severity. 
Background: ARISE (NCT02985879) is an ongoing phase 2, randomized, double-blind, placebo-controlled trial of 
the anti-tau antibody, ABBV-8E12, in patients with possible or probable PSP. Genetic, biochemical, and volumetric 
MRI (vMRI) data were obtained as potential biomarkers of disease severity. A preliminary analysis was conducted 
on the first 30 patients enrolled. 
Methods: Baseline disease severity was assessed by the PSP Rating Scale (PSPRS). MAPT haplotyping was 
determined for all enrolled subjects. At screening, neurofilament light chain (NfL) and total tau levels were 
measured in plasma and/or CSF. Quantitative vMRI measurements were obtained in the third ventricle, frontal lobe, 
and midbrain. Individual MRI measurements were adjusted for intracranial volume.  Association between variables 
was evaluated using Pearson’s correlation coefficient. 
Results: A total of 378 patients with PSP were randomized into ARISE, and ongoing haplotyping analysis identified 
several H1-clade polymorphisms in MAPT. Baseline characteristics for the first 30 patients are described. [table 1] 
CSF and plasma tau concentrations were not significantly correlated with each other or with PSPRS. There was a 
positive trend between plasma NfL levels and PSPRS (r=0.33, p=0.089). Higher plasma NfL was significantly 
correlated with lower whole brain (r= –0.59, p=0.002), midbrain (r=–0.44, p=0.024), and frontal lobe volume (r= –
0.55, p=0.004). PSPRS total score also significantly correlated with lower whole brain (r=–0.48, p=0.010), midbrain 
(r=–0.43, p=0.023), and frontal lobe volume (r=–0.40, p=0.033). Midbrain volume was significantly associated with 
the ocular motor, gait, and bulbar domains. 
Conclusions: Baseline characteristics of patients in the ARISE trial are comparable to PSP patient profiles described 
in the literature, including an apparent predominant H1 MAPT haplotype genetic profile. Data indicated a positive 
trend between plasma NfL and disease severity. Lower whole brain, midbrain, and frontal lobe volumes were 
significantly correlated with both plasma NfL levels and total PSPRS disease severity. 

 

Other: Complimentary Medicine 

749 
Mechanisms underlying therapeutic group singing in persons with Parkinson’s disease 
E. Stegemoller, A. Zaman, K. Diaz, E. Shirtcliff, M. Kohut (Ames, IA, USA) 
Objective: The objective of this study was to examine the potential mechanisms associated with improvement in 
clinical motor symptoms in persons with Parkinson’s disease (PD). 
Background: Research has revealed that group therapeutic singing (GTS) is an effective treatment strategy to 
improve respiratory control and muscle activity associated with swallow in persons with PD. GTS can also be 
enjoyable and offer a way to relieve stress, have fun, and improve other motor symptoms. Yet, the underlying 
mechanism that may explain the significant improvements with GTS remain unknown. 
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Methods: Seventeen participants with PD that engage in weekly group singing completed the study. Participants 
were tested on medication and had been singing in the group for a mean of 2.4 ± 1.4 years. Self-report and 
physiological data were collected prior to and after 1 hour of GTS. The Unified Parkinson’s Disease Rating Scale 
(UPDRS) was collected to assess clinical motor symptoms and later scored by a trained rater masked to pre/post 
collection. Subjective measures of anxiety, sadness, happiness, and anger were also collected to measure emotion 
and affect. Heart rate, blood pressure, and salivary cortisol provided an index of physiological stress. Inflammatory 
cytokines were isolated from the serum and provided an index of neural inflammation. Finally oxytocin was also 
isolated from the serum and provided an index of bonding. 
Results: Motor symptoms significantly improved (p = 0.026) after one session of GTS. Participants subjectively felt 
less anxious (p = 0.05) and less sad (p = 0.002) after the singing group. There were no significant differences in 
happiness or anger. Heart rate, blood pressure, and cortisol levels were also reduced, but did not reach significance. 
In addition, inflammatory cytokines and oxytocin did not reach significance. When examining the relationship 
between the physiological outcome measures and the change in motor UPDRS, a significant association between 
change in cortisol and motor UPDRS was revealed (R = 0.560, p = 0.047). No other associations were revealed. 
Conclusions: These results suggest that a reduction in physiological stress due to GTS may be related to 
improvements in motor symptoms. GTS holds promise as an alternative treatment strategy for persons with PD that 
has a broad impact on motor symptoms, stress, and quality of life. 

Other: optimization medication 

750 
Effect of Medication Review on Reported Symptoms in Parkinson's disease Patients 
C. Stuijt, T. Laar (Groningen, Netherlands) 
Objective: The objective was to analyse the effect of structured medication reviews (MR) in ambulatory PD 
patients on patient reported outcome measures (PROMS). 
Background: Patients with Parkinson’s disease (PD) use many drugs for their disease. Furthermore, PD is 
associated  with substantial co-morbidities, adding up the number of medicines. This pill burden induces poor 
adherence, drug-related problems (DRPs) resulting in suboptimal improvement of their (non) motor-symptoms. 
Methods: A prospective, observational study was performed in a PD outpatient clinic, including consecutive PD 
patients for a structured MR, performed by a clinical pharmacist.  MR is the structured process where medicines are 
weighted in the context of a patient’s clinical condition and personal preferences. After a profound analysis, DRPs 
potentially inducing or deteriorating patient reported outcomes were discussed with the responsible healthcare 
professional and the patient.  Suggested interventions resulting from this MR were evaluated after 3 months, using 
PROMS based on the medical records. 
Results: Overall 45 PD patients were included for a MR. At least one symptom was reported in all patients. In total 
152 symptoms (1-6 per patient) were reported by these 45 patients, especially consisting of falls, fatigue, pain and 
orthostatic hypotension (36%).  After 3 months, 84 (55%) of the symptoms were solved, 23 (15%) partly solved, and 
29 (19%) not solved. From  6 reported symptoms (3%) no information was available in the medical records after 3 
months. The interventions consisted of providing adequate information (40x, 26%) and improved monitoring (37x, 
24%), as well as stopping medication, which resulted in 18 cases (81% of all stopped medication) in a complete 
disappearance of symptoms. 
Conclusions: Our data support the effectiveness of MR and the resulting interventions on PROMS in PD patients, 
performed by a clinical pharmacist at an outpatient PD clinic. 
References: [1] L. H. Poon, A. J. Lee, T. B. Chiao, G. A. Kang, S. Heath, and G. A. Glass, “Pharmacist’s role in a 
Parkinson's disease and movement disorders clinic.,” Am. J. Health. Syst. Pharm., vol. 69, no. 6, pp. 518–20, Mar. 
2012. [2] C. Stuijt, F. Karapinar- Carkit, B. vd Bemt, and T van Laar, “Effect of Pharmacist-Led Interventions on 
(Non)Motor Symptoms, Medication-Related Problems, and Quality of Life in Parkinson Disease Patients: A Pilot 
Study” Clin.Neuropharm, vol. 41, pp. , Jan 2018. 
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Other: Technology in Parkinson´s Disease 

751 
Does information from the Personal KinetiGraph™ (PKG) influence neurologists´ treatment decisions? 
M. Sundgren, P. Rousu, A. Johansson (Stockholm, Sweden) 
Objective: To evaluate if PKG data influences neurologists´ treatment decisions in routine clinical care of patients 
with Parkinson´s disease. 
Background: The PKG movement recording system is a wrist worn device carried for 6-10 consecutive days. It 
collects data on motor function in patients’ normal environment. Besides motor patterns (bradykinesia, dyskinesia 
and tremor) it registers data on immobility, medication adherence and tendency to impulsiveness. 
Methods: A prospective observational cohort study of patients (n=100) attending the Neuro Department at the 
Karolinska University Hospital in Stockholm, Sweden. A clinical assessment with the Parkinson´s Disease 
Composite Scale (PDCS) and a H&Y staging is performed by the study nurse at the inclusion visit approximately 10 
days before the planned visit. Number of positive items in the Non-Motor Symptom Questionnaire (NMSQ) and an 
assessment of health-related QoL with the Parkinson´s Disease Questionnaire-8 (PDQ-8) are collected. Exclusion 
criteria include severe dementia, use of wheelchair and having had a PKG recording or a visit to the neurologist the 
last 3 months. Patients wear the PKG for 6 days. Five neurologists with varying level of PKG experience participate 
in the study. The PKG information is not available to the treating neurologist until the end of the visit. Before 
reviewing the PKG results, the neurologist answer a pre-defined set of questions and formulate a recommendation 
regarding treatment. Immediately after this, the neurologist is able to review the PKG and answer (Yes or No) 
whether the PKG information changed the treatment recommendation. A second PKG recording at 3-6 months is 
performed. Secondary outcomes include change in PDCS, NMSQ, PDQ-8 and PKG scores. 
Results: Preliminary data has been analyzed (n=37). 19 patients (51%) were male and mean age was 69 years (range 
48 - 86). Mean disease duration was 7 years (1.5 – 17.5) and the majority was H&Y stage 2 (59%). Mean PDCS 
score was 16.1 (2 – 38). Patients reported an average of 8.4 (1 – 17) non-motor symptoms in the NMSQ and mean 
PDQ-8 score was 7.5 (0 – 15). Inspection of the PKG changed the treatment decision for 13 (35%) of the patients. 
Conclusions: Based on the preliminary results, PKG information influences clinical treatment decisions in a 
substantial number of patients. PKG recordings may provide valuable information in routine clinical care of patients 
with Parkinson´s disease. 

Other: Basic Science 

752 
Modeling of Parkinson’s disease by damaging dopaminergic neurons 
L. Toshpulatova, M. Kulmanova (Tashkent, Uzbekistan) 
Objective: Analysis of the simulation of Parkinson's disease in rats using 6-OHDA.Analysis of the simulation of 
Parkinson's disease in rats using 6-OHDA. 
Background: The mechanism of neurodegenerative diseases is intracellular aggregation of proteins with 
pathological conformation, which in turn, initiates a cascade of immune and metabolic disorders in the central 
nervous system, disrupts mitochondrial function and the energy metabolism of cells, etc. In the study of the 
pathogenesis of neurodegenerative diseases, the creation of adequate experimental models in animals plays a major 
role, which is done by damaging dopaminergic neurons. 
Methods: The simulation was carried out on Wistar rats. Damage to the dopaminergic neurons of the rat brain 
substance of the brain black substance was performed by introducing 6-OHDA selective neurotoxin into its compact 
part. 
Results: The effect of the introduction of the selective neurotoxin of dopaminergic neurons 6-OHDA into the 
substantia nigra developed over a period of 3–4 weeks. By the 3rd week of observation in experimental animals 
during the inspection, there was an increase in rigidity and ptosis of the upper eyelid, a decrease in motor activity 
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and research behavior. It should be noted that the 6-OHDA-model does not reproduce all clinical and pathological 
features and does not lead to the formation of cytoplasmic inclusions (Lewy bodies) that are pathognomonic for 
Parkinson's Disease. However, this model can serve to conduct various behavioral tests and explore the possibilities 
of correcting the resulting neurological and behavioral disorders. 
Conclusions: The benefits explain the widespread use of this model to determine the effectiveness of anti-
Parkinsonian compounds, especially those whose action is based on filling the dopamine deficiency. In addition, this 
experimental model is useful for assessing the effectiveness of neurotransplantation. 

Other: Prion diseases 

753 
Wide distribution of alpha-synuclein oligomers in Creutzfeldt-Jakob disease detected by a novel proximity 
ligation assay 
R. Valenti-Azcarate, I. Martinez-Valbuena, C. Caballero, I. Marcilla Garcia, G. Marti, M. Carmona-Abellan, M. 
Tuñon-Alvarez, M.R. Luquin-Piudo (Pamplona, Spain) 
Objective: The objective of this work is to assess if oligomeric forms of alpha-synuclein exist in patients with 
Creutzfeldt-Jakob disease. 
Background: Prion diseases, the most frequent variety of which in human is Creutzfeldt-Jakob disease (CJD), are 
characterized by post-translational accumulation of the host-encoded prion protein PrP in an amyloid misfolded 
isoform (PrPsc). In a previous work, our group found that brains of CJD patients present alpha synuclein inclusions. 
Recently a novel method has been developed to reveal early alpha-synuclein pathology. 
Methods: We analyze the expression of alpha-synuclein oligomers in fifteen cases of sporadic CJD in order to 
determine the existence and location of pathological protein seeds. We focused our work on the frontal cortex, 
putamen, amygdala and cerebellum, since they are specially affected in CJD. Besides the proximity ligation assay, 
immunofluorescence was performed to locate, characterize and understand the histological localization of these 
seeds. 
Results: Wide distribution of alpha-synuclein oligomers were found in all regions examined.  These inclusions were 
more prominent in the Dentate nucleus and in the cerebellar granular layer than in the frontal cortex, where profuse 
cytoplasmic inclusions were observed. Six of the thirteen CJD brains examined presented oligomers of α-synuclein 
in Purkinje cells. 
Conclusions: The existence of both oligomers and Lewy dots in cases of CJD disease could suggest a common 
neurodegenerative pathway between CJD and Parkinson disease. The relevance of these oligomers for CJD 
physiopathology will be further discussed. 

Other: Metabolomics 

754 
Metabolomic Analysis of Fecal Matter from Parkinsonian Mice 
V. Vedam-Mai, E. Gill, J. Koelmel, R. Yost, T. Garrett, M. Okun (Gainesville, FL, USA) 
Objective: Assess the metabolic changes in fecal matter in mice treated with an immunomodulatory therapy. 
Background: The cause of neuronal death in Parkinson’s disease (PD) is currently unknown, and to date there are 
no treatments available to slow the rate of disease progression. Oxidative stress, chronic neuroinflammation and 
mitochondrial dysfunction likely play a role in PD. Activated microglia are present in PD, likely contributing to 
sustained inflammation leading to abnormal aggregation of alpha synuclein, a key player in PD pathogenesis. It is 
also becoming increasingly evident that the gut immunity plays a significant role in PD. Here, we report metabolic 
changes measured from fecal samples of vaccinated and un-vaccinated transgenic PD mice,. 
Methods: For lipidomics, a Folch extraction was performed and for metabolomics, a precipitation solution was used 
for phase separation. For both metabolomics and lipidomics analyses, a Thermo Scientific Q-Exactive Orbitrap 
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Mass Spectrometer coupled to a Dionex UltiMate 3000 system was used. Data was acquired using both positive and 
negative polarity. Features were detected using MZmine 2, and blank feature filtering was utilized. For lipidomics, 
LipidMatch and LipidSearch were used for feature identification. For metabolomics, in-house libraries were used for 
feature identification. Statistical analysis was performed using Metaboanalyst 3.0. 
Results: Lipidomics analysis identified significant changes in the triacylglycerides (TGs), and diacylglycerols 
(DGs). The sum of the intensities of all individual DGs, were found to be significant (p=0.049), with TGs being the 
most significant class (p=0.016). Metabolomic analysis identified elevated taurine and histamine in treated mice. 
Methionine, an essential amino acid in humans, was down regulated along with other amino acids and this finding 
may possibly have been related to a difference in breakdown efficiency of dietary proteins. Metabolites involved in 
the pyrimidine pathway were significantly different. Cytidine monophosphate (CMP), cytidine, L-glutamine and 
uridine were up regulated in the PD mice, and deoxycitidine, Deoxyuridine, 5-methylcytosine and ureidopropionic 
acid were up- regulated in treated mice. 
Conclusions: Preliminary data showed that several metabolites were significantly altered in PD indicating that the 
gut immunity may be altered. It is unknown whether these changes could play a role in therapeutic efficacy. 

Other: Basic Science-Parkinson's disease 

755 
Dopaminergic Neuroregeneration in the Diencephalon of 6-OHDA-Lesioned Adult Zebrafish-Based 
Parkinson’s Disease Model 
Y. Vijayanathan, S.M. Lim, M.P. Tan, F.T. Lim, A.B. Abdul Majeed, K. Ramasamy (Kuala Lumpur, Malaysia) 
Objective: This study established a 6-OHDA-lesioned adult zebrafish-based PD model and investigated the 
neuroregenerative processes of diencephalic dopaminergic neurons (DpN). 
Background: Studies on endogenous neuroregeneration as a potential curative measure for Parkinson’s disease 
utilizing conventional mammalian-based PD models are often hampered with futile axogenesis. The emergence of 
zebrafish, a non-mammalian model with impressive neuroregeneration capacity and highly homologous genome to 
humans may address these limitations. 
Methods: 25mg/kg of 6-OHDA were intracerebroventricularly administered specifically into the diencephalon of 
adult zebrafish (Danio rerio). Immnunoflurorescence protocols was conducted to quantify tyrosine hydroxylase 
immunoreactive (TH-ir; indicating DpN) and Bromodeoxyuridine-immunoreactive (BrdU-ir; indicating proliferative 
cells) at brain regions of interest [olfactory bulb (OB), telencephalon, diencephalon]. To elucidate 
neurodifferentiation activity of lesioned fish, Foxa2 and Nurr1 differential gene expressions at different regions were 
enumerated using qPCR. 
Results: At day 3 post-lesion, diencephalic TH-ir cell count revealed >85% DpN significantly (p<0.05) ablated 
when compared to intact fish. Whereas, at day-30 post-lesion Th-ir cell count increased significantly (p<0.05) than 
day-3 post-lesion but exhibited no significant difference with intact. Cellular proliferation demonstrated a transient 
yet significant (p<0.05) decrease and then increase in OB (-55%; +114%) and telencephalon (-73%; +194%) at day 
5 and 7 post-lesion, but BrdU-ir cell count in diencephalon remained unchanged at all time points. Conversely, 
significant (p<0.05) decline and gradual increase of Foxa2 (-44% at day 3 and 9 post-lesion) and Nurr1 (-46% at day 
3, 9 and -65% at day 14 post-lesion) were observed in the diencephalon; whilst no significant changes (p>0.05) of 
both differential markers were discerned in OB and telencephalon. 
Conclusions: The present study had successfully established a stable 6-OHDA-lesioned adult zebrafish-based PD 
model and validated the model’s DpN regenerative capability. Further investigation to harness the regenerative 
potentials of this vertebrate and it’s application towards future human DpN regeneration studies is therefore now 
warranted. 
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Other: Health Economics & Outcomes Research 

756 
Healthcare Resource Utilization and Costs of Parkinson’s Disease Dementia With Psychosis in the US 
Medicare Population 
J. Wetmore, H. Yan, M. Irfan, Y. Peng, D. Gilbertson, S. Li, N. Rashid, A. Shim (Minneapolis, MN, USA) 
Objective: To describe healthcare resource use (HCRU) and related costs among Parkinson’s patients with 
dementia (PDD) and psychosis compared with other dementia types in a nationally representative sample in the US. 
Background: Dementia affects approximately 7.9 million people in the US (1). Of these, about 1.2 million have 
dementia-related psychosis (DRP) (2), a functionally disruptive symptom that occurs in all dementia types. There 
are limited published data on burden of illness in these patients, their HCRU, and related costs within the US 
healthcare system. 
Methods: Using Medicare Part A, B, and D data from 2008-2016, patients with PDD and psychosis (PDD+P) but 
no other obvious etiology of dementia were identified to compare with patients with other types of dementia, viz. 
Alzheimer’s (AD), dementia with Lewy bodies (DLB), frontotemporal (FTD), vascular (VaD), other/unspecified 
dementia (UD). The dementia index date was defined as the date of diagnosis. Patients were required to have 12 
months of Medicare enrollment prior to index date. Costs and HCRU were described in the 12 months after index 
date for patients with PDD+P. HCRUs included inpatient (IP), emergency room (ER), outpatient (OP), skilled 
nursing facility (SNF), and Part B (physician) visits. Patients with PDD+P were compared descriptively with the 
other dementia types. Costs were reported in 2015 $US. 
Results: Of all DRP patients, patients with PDD constituted 6.5% of all dementia, and PDD+P (n=367) constituted 
0.7% of all DRP patients. Compared with other dementia types, the mean HCRU claims per patient per year was 
highest for PDD+P patients with 1.8 ER/7.8 OP versus 1.4/6.7, 1.4/7.3, 1.2/5.8, 1.5/7.5, 1.6/7.2 for AD+P, DLB+P, 
FTD+P, VaD+P, and UD+P respectively. PDD+P patients had the highest mean annualized cost OP ($4806) and 
SNF ($12,603). Mean total annualized all-cause costs during post index for PDD+P patients were $71,319, similar 
to FTD+P ($72,869) but less than AD+P ($89,305), DLB+P ($99,855), VaD+P ($99,298), and UD+P ($84,453). 
Conclusions: Patients with PDD+P had the highest HCRU rates of ER and OP visits and incurred the most costs 
related to OP and SNF. Further analysis needs to be conducted to identify factors associated with the increase in 
costs among the different dementia categories versus PDD+P patients and control for any confounding bias. 
References: 1. World Health Organization Dementia Key Facts Sheet 12 December 2017. 2. 2017 Alzheimer’s 
Disease Facts and Figures and ACADIA market research. 

Other: Craniofacial movement disorders 

757 
A case of hemimasticatory spasm with well therapeutic response to serial injections of botulinum toxin 
S.K. Yang, J.J. Lin (Changhua County, Taiwan) 
Objective: To report a case with hemimasticatory spasm responsive to serial botulinum toxin injections. 
Background: Hemimasticatory spasm is a rare neurologic disorder characterized by involuntary paroxysmal 
contractions of the unilateral masticatory muscles which may be provoked by a voluntary or an automatic movement 
of the mouth and usually lasts from a few seconds to several minutes. The etiology of this disorder is controversial, 
it has been widely accepted that the course is neurovascular conflicts. Varied treatments have been used, for 
example, oral medication of carbamazepine or phenytoin and focal injection of botulinum toxin[1, 2, 3]. Here, we 
present one case of hemimasticatory spasm with well response to serial botulinum toxin injections. 
Methods: A 53-year-old male Taiwanese presented with a complaint of insidious onset of intermittent spasm on the 
right face since 30 years old. The involuntary twitching on right face showed several times one day and mostly 
lasted 2-3 minutes. The duration and frequency progressively increased over time. Some trigger factors were found, 
such as eating, talking and laughing. He often felt soreness or pain in the right masticatory muscles. It showed no 
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response to “sensory trick”. The spasm was absent during sleep. Physical examination showed hypertrophy of the 
right side of the face. Results of the trigeminal motor, sensory and reflex examination were normal. 
Results: An EEG were normal. A head MRI showed mild hypertrophy of the right masseter [figure 1] and temporal 
[figure 2] muscles. No clinical or laboratory evidence was found of connective tissue disease. Because of 
unsatisfactory response to oral medications, the patient was treated with focal injection of botulinum toxin type A 
into the right masseter and temporalis muscles. The spasms disappeared almost completely for 3 months. The 
subsequent serial injections showed similar effect in resolution of the symptoms. Besides, the painful spasm 
decreased gradually in severity and frequency after long-term treatment with serial botulinum toxin injections which 
also decrease the size of hypertrophied muscles. 
Conclusions: This case is the first one reported in Taiwan which shows well response and prognosis to serial 
injections of botulinum toxin in masticatory muscles. Our case further illustrates that botulinum toxin injections is a 
safe and effective management of hemimasticatory spasm. 
References: [1] Lagueny A, Deliac MM, Julien J, et al. Jaw closing spasm--a form of focal dystonia? An 
electrophysiological study. J Neurol Neurosurg Psychiatry 1989;52:652-655 [2] Ebersbach G, Kabus C, Schelosky 
L, et al. Hemimasticatory spasm in hemifacial atrophy: diagnostic and therapeutic aspects in two patients. Mov 
Disord 1995;10:504-507 [3] Auger RG, Litchy WJ, Ahlskog JE, et al. Hemimasticatory spasm: clinical and 
electrophysiologic observations. Neurology 1992 Dec;42(12):2263-6 
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758 
The carotid ultrasonography revealed vagus nerve atrophy of the patients with parkinsonism 
S. Abe, T. Hirato, H. Saiki (Osaka, Japan) 
Objective: This study aims to clarify the compare vagus nerve atrophy with Parkinson’s disease (PD) and other 
atypical parkinsonism. 
Background: Although the pathogenesis of the PD remains unclear, it has been hypothesized that alpha-synuclein is 
transmitted from the enteric nerve via the vagus nerve to the dorsal motor nucleus of the vagus (DMV), locus 
coeruleus, and substantia nigra[1]. Several studies have reported vagus nerve atrophy in PD[2][3][4][5], however, 
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the association between other atypical parkinsonism, such as multiple system atrophy (MSA), progressive nuclear 
palsy (PSP) and corticobasal syndrome （CBS） and the vagus nerve has not been investigated. 
Methods: During July 2018 and February 2019, we examined the patients who admitted to our hospital due to 
parkinsonian symptoms. The neurosonologist who was blinded clinical information performed the cervical 
ultrasonography and measured the cross-sectional area and diameter of the vagus nerve. As a control, we measured 
the vagus nerve of the patients with ischemic stroke who admitted our hospital at the same study period. 
Results: We enrolled 83 patients including 49 patients with parkinsonism including PD (median age 68 [IQR 60-74] 
years) and 34 patients with ischemic stroke (median age 70.5 [IQR 62-80] years) during the study period. In 
parkinsonism, 30 patients with PD, 7 with PSP, 9 with MSA were registered. The vagus nerve of the patients with 
parkinsonism was smaller than the patients with ischemic stroke (median of the cross-sectional area: right 2.30 vs 
1.38 cm2; left 2.24 vs 1.31 cm2, p<0.01, respectively). Furthermore, the vagus nerve of the patients with PD and 
MSA was significantly smaller than the patients with ischemic stroke. On the other hand, the vagus nerve of the 
patients with other parkinsonism and ischemic stroke was similar. 
Conclusions: In this study, we were able to evaluate for the first time the vagus nerve in patients with parkinsonism 
other than PD. The findings of the present study showed the vagus nerve was significantly atrophied especially in 
PD and MSA. Both of them were reported to affect the DMV and contribute to gastrointestinal dysfunction. The 
carotid ultrasonography revealed vagus nerve atrophy and may be useful to make a differential diagnose the 
parkinsonism. 
References: 1. Hawkes CH, Del Tredici K, Braak H. Parkinson’s disease: A dual-hit hypothesis. Neuropathol Appl 
Neurobiol. 2007;33:599–614. 2. Pelz JO, Belau E, Fricke C, Classen J, Weise D. Axonal Degeneration of the Vagus 
Nerve in Parkinson’s Disease—A High-Resolution Ultrasound Study. Front Neurol. 2018;9 November:1–4. 
doi:10.3389/fneur.2018.00951. 3. Walter U, Tsiberidou P, Kersten M, Storch A, Löhle M. Atrophy of the Vagus 
Nerve in Parkinson’s Disease Revealed by High-Resolution Ultrasonography. Front Neurol. 2018;9 September:1–6. 
doi:10.3389/fneur.2018.00805. 4. Fedtke N, Witte OW, Prell T. Ultrasonography of the vagus nerve in Parkinson’s 
disease. Front Neurol. 2018;9 JUL:1–3. 5. Tsukita K, Taguchi T, Sakamaki-Tsukita H, Tanaka K, Suenaga T. The 
vagus nerve becomes smaller in patients with Parkinson’s disease: A preliminary cross-sectional study using 
ultrasonography. Parkinsonism Relat Disord. 2018; xxxx. doi:10.1016/j.parkreldis.2018.06.002. 

759 
Enhancing the Proteasomal Degradation of Alpha Synuclein: "The Hallmark" to attenuating the Progression 
of Parkinson's Disease 
B. Adebisi, M. Adeleke (Osogbo, Nigeria) 
Objective: The research aimed at preventing the accumulation of Alpha Synuclein in order to prevent it's 
accumulation.  It is imperative that we also establish that alpha synuclein, is the faulty protein implicated in the 
pathogenesis of Parkinson's Disease (PD). 
The prevention of the toxic accumulation will be done by stimulating the mobilization of alpha synuclein to the 
proteosome, where they are degraded, hence, we have a headway towards preventing the accumulation of the toxic 
protein, invariably slowing down the progression of PD. 
Background: The mechanism of the neural death in PD consists of an abnormal accumulation of the the protein.The 
alpha synuclein binds to ubiquitin to form alpha synuclein-ubiquitin complex, this protein accumulation form 
proteinous cytoplasmic inclusion called Lewy bodies. Accumulation of this protein alter dopamine metabolism and 
vesicular packaging, eventually cumulating into formation of metabolites that are toxic to the dopaminergic neurons 
leading to the death of the cells and decrease in the production of dopamine, which is one of the observable features 
in patients suffering from PD. 
Methods: We proposed to knockout Park 4, the gene that codes for parkin, which is the protein, that flags the alpha 
synuclein for proteasomal targeting, in cell line culture of neurons, When this gene is knocked out, abnormal parkin 
forms; resulting in the inability of the alpha synuclein to be targeted for degradation. 
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Results: It is expected that alpha synuclein will accumulate and the accumulation will be monitored by western 
blotting procedure to see the progression of the oligomerization of alpha synuclein.Arimoclomol will be used to 
stimulate molecular switches called Rab 1, so that the alpha synuclein is rapidly directed to the proteosome for 
degradation. 
Conclusions: The trafficking action of Rab 1 will enhance alpha synuclein to the right location for hydrolysis.  
This will prevent accumulation of the alpha synuclein thereby attenuating the Progression of PD. 

760 

Withdrawn 

761 
Population Exposure-Response Models of Apomorphine Sublingual Film in Healthy Subjects and Patients 
With Parkinson’s Disease and “OFF” Episodes 
F. Agbo, Y. Chiu, S. Chapel, G. Galluppi, D. Blum, B. Navia (Fort Lee, NJ, USA) 
Objective: Exposure-response models were developed to characterize the relationship between apomorphine 
exposure and (1) efficacy using Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS) Part III score in patients with Parkinson’s disease (PD) and “OFF” episodes, (2) 
systolic/diastolic blood pressure (sBP/dBP) in healthy subjects/patients, and (3) nausea/oral adverse events (AEs) in 
patients following apomorphine sublingual film (APL-130277; APL) administration. 
Background: APL was found to be effective and generally well tolerated as an acute, intermittent treatment for 
“OFF” episodes in patients with PD in a controlled Phase 3 trial. 
Methods: Data were analyzed using nonlinear mixed effects modeling methodology as implemented in 
NONMEM® software. Final model simulations estimated apomorphine concentration and its association with 
MDS-UPDRS Part III score. For BP, nominal time-matched data were evaluated by linear and maximum effect 
models. Time-to-event and extended Cox proportional hazard models described nausea and oral AEs. 
Results: For efficacy, a 23-point decrease from baseline in MDS-UPDRS score was estimated as the inhibitory 
maximum effect; a cutoff of ≤ –12.5 points was associated with a FULL “ON” response; response duration 
increased from 1.6-3.1 hours for a 10-mg and 35-mg dose of APL, respectively; and average apomorphine 
concentrations of 2.66-2.94 ng/mL corresponded with these outcomes. For BP, single doses of 10 and 35 mg APL 
were predicted to decrease sBP by 3 and 7 mmHg, respectively, and dBP by 1 and 3 mmHg, respectively; decreases 
were more prevalent in patients than in healthy subjects. For AEs, predicted risk of nausea (hazard ratio, 2.01) and 
oral events (hazard ratio, 1.34) were higher for single doses of APL 35 vs 10 mg, respectively. 
Conclusions: Longitudinal and time-to-event exposure-response models demonstrated a correlation between 
apomorphine exposure and efficacy using MDS-UPDRS Part III score. Increases in apomorphine plasma 
concentration were associated with a modest decrease in sBP/dBP, and an increase in risk for nausea and less so for 
oral AEs following administration of sublingual apomorphine in patients with PD and “OFF” episodes. 

762 
Population Exposure-Response Modeling of the Effects of Apomorphine Sublingual Film on QTc in Patients 
With Parkinson’s Disease and “OFF” Episodes 
F. Agbo, Y. Chiu, S. Chapel, G. Galluppi, D. Blum, B. Navia (Fort Lee, NJ, USA) 
Objective: To characterize the relationship between plasma apomorphine concentrations and QTc (QT interval 
corrected for heart rate) in patients with Parkinson’s disease (PD) and “OFF” episodes and predict changes in QTc 
from baseline at clinically relevant apomorphine concentrations. 
Background: A thorough QT study was conducted to evaluate the effect of apomorphine sublingual film (APL-
130277; APL) on the QT interval in patients with PD and “OFF” episodes.. 
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Methods: Concentration-QTc models were developed from 447 time-matched apomorphine concentrations and 
electrocardiogram data from 39 patients with PD and “OFF” episodes who received APL (10–50 mg) or placebo in a 
thorough QT study using nonlinear mixed effects modeling methodology as implemented in the NONMEM® 
software. QTc was assessed using Bazett’s, Fridericia’s (QTcF), and population (QTcP) correction methods. Various 
models were evaluated. The final model was used to predict changes in QTc from baseline at clinically relevant 
apomorphine concentrations. 
Results: A final linear mixed effects model using QTcP with fixed effects for sex on baseline and random effects on 
intercept adequately described the relationship between apomorphine concentration and QTc interval. The slope of 
the QTcP-exposure relationship was minimal with a confidence interval (CI) that included zero (–0.0976 
msec·mL/ng [95% CI: –0.8091, 0.6139]), indicating no strong correlation between QT prolongation and increasing 
apomorphine concentration. A sensitivity analysis with QTcF, which failed to adequately correct for heart rate, 
resulted in a slope estimate of the concentration-QTcF relationship of 0.274 msec·mL/ng (95% CI: –0.37, 0.92) and 
demonstrated a nonsignificant plasma concentration-QTc relationship. At the highest proposed therapeutic dose of 
APL (35 mg), the estimate of the 95% CI upper bound for QTcP change from baseline was 4 msec at the maximum 
plasma concentration, which is below the regulatory threshold of 10 msec, indicating no clinically relevant effect of 
APL on QTc. 
Conclusions: APL had no clinically relevant effect on QTc prolongation across the proposed therapeutic dose range 
of 10–35 mg. 

763 
Gender differences in Motor symptoms, Non-Motor symptoms and Quality of Life in Parkinson’s disease: 
COPPADIS-2015 study cohort 
M. Aguilar, P. Pastor, B. Solano, I. Cabo, M.J. Catalan, V. Nogueira, V. Puente, J.M. Garcia, R. Perez, C. Borrué, 
M. Mata, M. Alvarez, A.B. Rodriguez, L. Vela, Y. Macías, M.J. Marti, P. Martinez, D. Santos (Sabadell, Spain) 
Objective: To assess gender differences among PD patients and health controls (HC) of the COPPADIS-2015 study 
cohort. 
Background: Men and women are different in genetic, physical, mental, emotional and cultural aspects. Scientific 
literature indicates that there are gender differences in many features of Parkinson's disease (PD). 
Methods: 681 PD patients (410 males, 271 females) and 206 age-matched HC (102 males, 104 females). Evaluation 
of motor symptoms (MS), non-motor symptoms (NMS) and quality of life (QoL) using validated scales and 
questionnaires. 
Results: Females showed slightly more tremor phenotype of PD than males (47.7% vs 42.9%).  Females fall more 
(p=0.036). Males showed more UPDRS score in speech (p<0.0001), facial expression (p<0.0001), rigidity (p=0.02), 
and posture (p=0.01); less tremor (p=0.02) and better postural stability (p=0.013). Dyskinesias (p=0.043) and drug 
digestive intolerance (p=0.001) were more frequent in females.Females showed higher total NMSS score than males 
(48.69±40.10 vs 43.41±36.42; p=0.079); in domains: sleep/fatigue (p<0.034.) and mood/apathy (p<.0.001); in 
symptoms: fatigue (p=0.001), insomnia (p=0.032), restless legs (p=0.005), nervousness (p<0.0001), sadness 
(p=0.002), flat mood (p=0.017), anhedonia (p=0.001), reduced interest in sex (p<0.0001), change of weight 
(0=0.003) and excessive sweating (p<0.0001). Diurnal somnolence (p=0.003), salivation (p=0.003), constipation (p= 
0.041) and problems having sex (p<0.0001) were more frequent in males. Males had a better working memory (p= 
0.003) and females an immediate memory (p=0.014) and delayed free recall verbal memory (p=0.036). These 
gender differences in NMS were also shown in HC people.Females have more depression (49.8% vs 39.7%; p=0.01) 
and higher BDI-II scores (14.21 ±7.45 vs 11.93 ±7.17; p = 0.005), and showed more pain frequency and severity 
(p<0.001), physical and mental fatigue (p<0.001) and their QoL was worse than males (p<0.04). Males had more 
compulsive sexual behaviors (p<0.0001). 
Conclusions: There are specific gender differences in motor symptoms of PD. The majority of non-motor 
symptoms differences are gender related. The quality of life of PD women is worse because non-motor symptoms 
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are more severe. It is very important to consider these disease gender differences because they allow better treatment 
adaptation and predict better outcomes. 

764 
Validation of the diagnostic criteria for progressive supranuclear palsy in pathologically confirmed patients 
I. Aiba, Y. Saito, Y. Yokokawa, T. Katayama, M. Kenjo, R. Hashimoto, S. Sakakibara, M. Sato, H. Nakatsuji, A. 
Inukai, Y. Iwasaki, M. Mimuro, A. Akagi, M. Yoshida (Nagoya, Japan) 
Objective: To assess the sensitivity and specificity of the diagnostic criteria for progressive supranuclear palsy 
(PSP). 
Background: The International Parkinson and Movement Disorder Society criteria for the diagnosis of PSP (the 
MDS criteria) were published in 2017. We retrospectively assessed the sensitivity and specificity of the MDS 
criteria in autopsy-confirmed patients and compared with the National Institutes of Neurological Disease and 
Society for Progressive Supranuclear Palsy criteria (the NINDS-SPSP criteria). 
Methods: We identified patients with a neuropathological diagnosis of PSP, and patients with clinical diagnosis of 
PSP with non-PSP pathology. We ascertained whether patients met the MDS criteria and assessed their sensitivity 
and specificity. We also assessed the patients’ early clinical presentation using the MDS criteria. 
Results: We identified 16 patients with PSP pathology and seven clinically diagnosed as PSP patients with non-PSP 
pathology. The sensitivity of the MDS and NINDS-SPSP criteria was 81% and 69%, respectively, while the 
specificity of the MDS and NINDS-SPSP criteria was 43% and 57%, respectively. All patients with PSP pathology 
fulfilled, at least, one clinical subtype of the MDS criteria. The leading initial clinical subtype was “suggestive of 
PSP with predominant postural instability,” followed by “possible PSP with progressive gait freezing.” Overall, 19% 
of patients with PSP pathology fulfilled some mandatory exclusion criteria of the MDS criteria. Moreover, all 
clinically diagnosed PSP patients with non-PSP pathology fulfilled, at least, one clinical subtype of the MDS 
criteria, but no patient corresponded to “probable PSP with progressive gait freezing.” The leading initial clinical 
subtype was “suggestive of PSP with predominant postural instability,” followed by “suggestive of PSP with the 
predominant frontal presentation.” The sensitivity elevated to 94% if we excluded prominent appendicular ataxia 
from the MDS mandatory exclusion criteria, and the specificity elevated to 71% if we added the early prominent 
abnormal behavior and the limbic atrophy to the MDS exclusion criteria. 
Conclusions: Compared with the NINDS-SPSP criteria, the sensitivity of the MDS criteria was higher, but the 
specificity was lower. Hence, some revisions of exclusion criteria are warranted to enhance the sensitivity and 
specificity of the MDS criteria. 

765 
Correlation between Pareidolia and cerebral perfusion by SPECT in Parkinson's disease without dementia: 
A retrospective study 
H. Akamine, T. Tokashiki (Ginowan, Japan) 
Objective: The aim of this study is to investigate the correlation between the number of illusory responses on the 
Pareidolia test and cerebral perfusion in Parkinson’s disease (PD) without dementia (PDwoD). 
Background: Pareidolia is observed as visual illusion in patients with dementia with Lewy bodies. It was reported 
that the correlations between pareidolic illusions and hypometabolism measured by 18F-fluorodeoxyglucose 
positron emission tomography (FDG-PET) were seen in the bilateral temporal, parietal and occipital cortexes in PD 
patients without dementia [1]. However, the association between the cerebral perfusion and Pareidolia is poorly 
documented. 
Methods: We enrolled 57 PDwoD patients (69.9±8.7 years old, 27 females). The Pareidolia test and other 
neuropsychological tests were undertaken. We estimated cerebral perfusion using 99mTc-ethyl cysteinate dimer 
single photon emission computed tomography (99mTc-ECD SPECT). Z-scores of hypoperfusion were calculated 
using easy Z-score imaging system (eZIS), while the perfusion images were standardized by SPM2. We assessed the 
values of extent and severity by Z-scores of hypoperfusion in the segmented sites according to the Talairach level 3 
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template using a voxel-based stereotactic extraction estimation (vbSEE). The extent and severity values mean as the 
ratio of voxels with a Z-score > 2.0 and average degree of voxels with a Z-score > 2.0 in each of the volumes of 
interest, respectively. Statistical analysis was performed by JMP version 11. 
Results: There were significant correlations between the number of pareidolic illusions and the extent of cerebral 
hypoperfusion in the areas of right anterior cingulate, right inferior frontal, left medial frontal and bilateral orbital 
gyrus (p<0.05). In these areas, the severity of hypoperfusion was correlated with the number of pareidolic illusions 
only in the left orbital gyrus area (p<0.05). 
Conclusions: Our results suggest that pareidolic illusions were associated with decreased cerebral perfusion in 
inferior and medial side of frontal lobe of the brain in the PDwoD patients. And it is conceivable that the extent of 
cerebral hypoperfusion is more contribute to pareidolic illusions than the severity. The results of our study may also 
help to explain that pareidolic illusions evoked by the Pareidolia test is account for mild frontal lobe dysfunction in 
PDwoD. 
References: 1. Uchiyama M, Nishio Y, Yokoi K. Pareidolia in Parkinson’s disease without dementia: A positron 
emission tomography study. Park Relat Disord. 2015;21(6):603-609. doi:10.1016/j.parkreldis.2015.03.020 

766 
Сhange In The Body Composition Of Patients With Parkinsonism For 2 Years 
D. Akramova, G. Rakhimbaeva, D. Bobomuratova (Tashkent, Uzbekistan) 
Objective: The body composition of Parkinson’s disease patients is undergoing changes due to less physical 
activity, stress. 
Background: To determine the changes in body structure of the Parkinson’s disease patients  over the last 2 years. 
Methods: The study was conducted 1st clinic of the Tashkent Medical Academy in 75 patients (33 female and 42 
male) at the age 34-76 years. The test was performed after 2 years, with segmentar body analyzer Tanita BC-545 
(Japan). 
Results: Body weight  ranged from 52.6 kg to 103 kg, averaging 69.6 ± 1.42 kg. The average body mass index was 
24.8 ± 0.4 kg / m2, which corresponded to the prevalence among the examined patients with a normal body weight. 
By the 2nd year of follow-up, patients had BMI decreased by 1.1 ± 1.3% (p≤0.001), from the initial level, where 
there was a decrease in body weight by 4.6% (p≤0.01) over the observation period. The decrease in the fat mass 
content and the proportion of visceral fat was 2.5 ± 0.2% (p <0.05) and 0.1 ± 0.1%, respectively. The average 
significant index of lean mass at admission was 54.0 ± 1.12 in patients; at the end of the 2nd year it was 49.9 ± 1.1 
(p≤0.05), which predicted negative weight loss and muscle atrophy due to low level of physical activity. At the same 
time, patients clinically revealed complaints of fatigue, felt a decrease in strength. The total fat and percentage of fat 
were significantly higher (p<0.01) and the lean body mass and water content were lower (p<0.001 for each) in 
female when compared with males. 
Conclusions: Was  a significant weight loss due to muscle mass during the observation period. It is recommended 
the appointment of physical therapy, adequate nutrition, care of patients with parkinsonism, effectively helps the 
normalization of mental, somatic states, affects the motivational component of physical activity with the formation 
of adequate approaches to a healthy lifestyle. 

767 
Application of the Movement Disorders Society Criteria for diagnosis of Progressive Supranuclear Palsy 
F. Ali, H. Botha, E. Ahlskog, J. Bower, A. Hassan, D. Dickson, J. Whitwell, K. Josephs (Rochester, MN, USA) 
Objective: Analyze the sensitivity, specificity of the Movement Disorders Society (MDS) criteria for progressive 
supranuclear palsy (PSP) and apply the multiple allocation extinction (MAX) rules in an autopsy cohort of PSP and 
other parkinsonian disorders. 
Background: The MDS-PSP criteria recognizes various PSP phenotypes. Patients may meet criteria for multiple 
phenotypes at a single timepoint and phenotypic allocations may evolve throughout the disease course. MAX rules 
were developed to reduce the degree of multiple diagnostic allocations.1 
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Methods: We retrospectively applied the MDS-PSP criteria to an autopsy confirmed cohort of PSP and other 
parkinsonian disorders. Each patient was assigned a diagnostic level in the ocular motor, akinesia, postural 
instability and cognitive dysfunction domains. Combinations of symptoms were then used to calculate all applicable 
phenotypes per the MDS-PSP criteria. Sensitivity and specificity were calculated, and MAX rules were applied 
where complete data were available for all clinical domains. 
Results: When applied to the whole cohort (66 PSP, 63 non-PSP), the criteria had a sensitivity of 84% and 
specificity of 81.6% within 3 years of disease onset. Sensitivity approached 100% and specificity 91.4% when 
applied late in the disease. For the subset with complete data available (54 PSP, 56 non-PSP), application of the 
MAX rules reduced the number of phenotypes from 378 to 55 in the PSP group and 191 to 58 in the non-PSP group. 
Phenotypes met per patients decreased from 7 to 1.02 in the PSP group and 3.41 to 1.04 in the non-PSP group 
(Table1).Sensitivity and specificity estimates were unchanged. Ocular motor abnormalities, axial rigidity and falls 
were more predictive of PSP. Apraxia of speech and nonfluent aphasia, which rarely contributed to the diagnostic 
designation after MAX rules, were more common in non-PSP patients (Figure1). 
Conclusions: The MDS-PSP criteria recognize a diverse range of clinical phenotypes that may result from PSP 
pathology. The issue of patients fulfilling criteria for multiple phenotypes was effectively addressed by the MAX 
rules. It is, however, important to record clinical symptoms and phenotypes which are ‘extinguished’ during the 
application of the rules as these may have implications for predicting pathology. 
References: 1. Max-Joseph Grimm GR, MD, Maria Stamelou, MD, Thomas Arzberger, MD, Leslie Ferguson, MD, 
Ellen Gelpi, MD, Armin Giese, MD, Murray Grossman, MD, David J Irwin, MD, Alexander Pantelyat, MD, Alex 
Rajput, MD, Sigrun Roeber, MD, John C van Swieten, MD, Claire Troakes, PhD, MSc, Angelo Antonini, MD, PhD, 
Kailash P Bhatia, MD, Carlo Colosimo, MD, FEAN, Thilo van Eimeren, MD, Jan Kassubek, MD, Johannes Levin, 
MD, Wassilios G Meissner, MD, PhD, Christer Nilsson, MD, Wolfgang H Oertel, MD, Ines Piot, Werner Poewe, 
MD, Gregor K Wenning, MD, PhD, Adam Boxer, MD, PhD, Lawrence I Golbe, MD, Keith A Josephs, MD, MST, 
MSc, Irene Litvan MD, Huw R Morris MD, Jennifer L Whitwell PhD, Yaroslau Compta MD, Jean-Christophe 
Corvol MD, PhD, Anthony E Lang MD, James B Rowe MD, Günter U Höglinger MD. How to Apply the 
Movement Disorder Society Criteria for Diagnosis of Progressive Supranuclear Palsy. Mov Disord 2019. ARTICLE 
IN PRESS 
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768 
Left STN DBS And Right CZI DBS In A Patient With Tremor-Predominant Parkinson’s Disease 
T. Ali, D. Ginjupally, G. Quintero, C. Van Horne, Z. Guduru (Lexington, KY, USA) 
Objective: We report a 65-year-old-man with tremor-predominant PD who had left subthalamic nucleus (STN) 
DBS and right CZi DBS for tremor control. 
Background: Deep brain stimulation (DBS) is an established treatment for patients with Parkinson’s disease (PD). 
Subthalamic nucleus (STN) and globus pallidum interna are traditional targets of DBS. Caudal Zona Increta (CZi) 
DBS has shown promising efficacy on PD symptoms, especially tremor. The cZi target was also described by Plaha 
et al. as not having the adverse effects on speech and balance as other areas closer to the STN. 
Methods: A 65-year-old right-handed man with tremor-predominant PD started having right upper extremity (RUE) 
resting tremor at the age of 58. He had sub-normal response even at higher doses of levodopa (800 mg/day) and he 
did not tolerate other PD medications. He underwent left STN DBS at the age of 61, as the tremor predominated on 
the right. Post-surgery, he had complete resolution of tremor in the RUE and the effect persisted even when the DBS 
was turned off. 
At the age of 64, a mild tremor in left upper extremity (LUE) worsened and he returned to the movement disorders 
team for DBS. When the Left STN DBS was turned off, the tremor did not appear in RUE, but the tremor in LUE 
worsened. Caudal Zona Increta was chosen as a DBS target because of patient choice, tremor predominance, and to 
avoid dysarthria or gait instability. 
Results: MRI brain did not show any lesions/ injury in left STN or the surrounding region, but we assume that there 
might have been a microlesion by which his RUE tremor had resolved post-surgery. LUE resting and postural 
tremor had resolved after right CZi DBS was turned on. Lower contacts were activated with lower voltage, 90-
microsecond pulse width, and a 130-hertz frequency was chosen. At higher amplitudes, he had sensory side effects 
but no dysarthria or gait instability. 
Conclusions: Stimulation of the CZi has shown promise in alleviating severe parkinsonian tremor. Our case is 
unique because of resolution of the RUE tremor post left STN DBS, even when the DBS was turned off and no 
lesion was noted on MRI brain. This is the first reported case with STN DBS on one side and CZi DBS on the other 
side for tremor control. Longitudinal follow-up will be required to see if the effect persists and if he develops any 
adverse effects. 
References: Deuschl G, Schade-Brittinger C, Krack P, et al. a randomized trial of deep-brain stimulation for 
Parkinson’s disease. N Engl J Med 2006;355:896–908. Adolfo Ramirez-Zamora, Heather Smith, Vignessh Kumar, 
Julia Prusik, Sujoy Phookan, Julie G. Pilitsis. Evolving Concepts in Posterior Subthalamic Area Deep Brain 
Stimulation for Treatment of Tremor: Surgical Neuroanatomy and Practical Considerations. Stereotact Funct 
Neurosurg 2016;94:283–297. Blomstedt P, et al. Deep brain stimulation in the caudal zona incerta versus best 
medical treatment in patients with Parkinson’s disease: a randomized blinded evaluation. J Neurol Neurosurg 
Psychiatry 2018;89:710–716. P. Plaha, Y. Ben-Shlomo, N. K. Patel, and S. S. Gill, “Stimulation of the caudal zona 
incerta is superior to stimulation of the subthalamic nucleus in improving contralateral parkinsonism,” Brain, vol. 
129, no. 7, pp. 1732–1747, 2006. 

769 
Baicalein incorporated nanoliposome disaggregates alpha-synuclein fibrils 
F. Aliakbari, D. Morshedi, H. Mohammad-Beigi, D. Otzen (Tehran, Islamic Republic of Iran) 
Objective: The aim of this study is to evaluate the depolymerization effect of baicalein on mature fibrils of alpha-
synuclein. 
Background: The aggregation and oligomerization of alpha-synuclein (α-SN), a protein which is available at high 
concentration in the brain’s neuronal cells, is believed to play an important role in the pathology of Parkinson’s 
disease. There are several molecules which have the potential to inhibit aggregation but few could depolymerize 
mature fibrils. Baicalein, a small molecule derived from Scutellaria baicalensis Georgi, showed to have potential to 
inhibit fibrillation. Nevertheless, its low solubility and stability disrupt its function in the body fluid. Nowadays, 
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using nanoparticles as candidates for drug delivery is welcome worldwide as they can unravel some problems 
regarding drugs characters like their high hydrophobicity, instability and low solubility in physiological fluids. 
Methods: Herein, we report on the potential of baicalein incorporated nanoliposome (NLP-Ba) to 
disaggregate/depolymerize α-SN aggregates in vitro. The protein was undertaken the fibrillation process and the 
adopted mature fibrils were exposed to NLP-Ba either without or with shaking. ThT fluorescence intensity and fast 
protein liquid chromatography (FPLC) were used to determine the disaggregates fibrils. 
Results: NLP-Ba showed to have high potential to depolymerize fibrils by using ThT fluorescence intensity and 
FPLC. This result demonstrated that the potential of baicalein in the NLP could still be preserved. 
Conclusions: This study could open a new avenue in using potential but unstable drug in neurodegenerative 
diseases including Parkinson's disease. 
This abstract has already been presented in the “20th National Congress and the 8th International Congress on 
Biology” Maragheh Iran, August 22-24, 2018 as poster presentation. 

770 
The effects of timed exposure to bright light in improving the gait patterns of patients with Parkinson’s 
disease - A pilot study 
L. Alibiglou, T. Ruopp (Tehran, Islamic Republic of Iran) 
Objective: To investigate the impact of timed exposure to bright light (TEBL) on improving gait function in 
medicated PD patients with dyskinesias (PD+DYS) and without dyskinesias (PD-DYS). 
Background: Gait impairment and related motor abnormalities progress over time, leading to progressively greater 
disability. Currently, there is no effective treatment for controlling the progression of gait impairment, and 
associated complications such as falls and freezing of gait. Recent clinical studies have pointed to the utility of 
TEBL for improving motor symptoms such as tremor in patients with PD. However, these studies have 
predominantly assessed changes in the Unified Parkinson's Disease Rating Scale (UPDRS) scores, and have not 
utilized objective/quantitative biomechanical measurements of changes in gait and other motor symptoms. We 
hypothesized that TEBL improves kinematic measures of gait (stride and step length, percent stance time, and stride 
duration) in both groups but has a greater effect in PD patients with dyskinesias. 
Methods: In the pilot phase of this ongoing study, two subjects in each group were tested. Participants in each 
cohort were randomly assigned to one of two testing conditions: two weeks of TEBL or two weeks of Placebo. 
During the pre- and post-TEBL (or Placebo) assessment sessions, participants were asked to walk on a fully 
instrumented treadmill and kinematic measures of gait (stride and step length, percent stance time, and stride 
duration) were measured. 
Results: Our preliminary data showed that two weeks of TEBL can result in a significant increase in step length in 
PD+DYS patients while it has less effect on non-dyskinetic patients. More importantly, TEBL significantly 
decreased stride duration, a Levodopa-resistant gait parameter, in both groups. 
Conclusions: The novel finding of this pilot study was that timed exposure to bright light which is often used for 
reversing circadian rhythm abnormalities and normalizing melatonin release patterns significantly improved 
Levodopa-resistant gait parameters in patients with PD. 

771 
Compensatory Amygdala Activity during motor timing and selection in PD 
S. Allahdadian, H. Rafipoor, E. Yargholi, M. Mirian, M.J. McKeown (Vancouver, BC, Canada) 
Objective: To investigate the role of the amygdala in motor program selection and timing in Parkinson disease. 
Background: PD is characterized by considerable heterogeneity, which might be partially explained by varying 
capacities for compensation. While increased activation observed in the cerebellum in PD has frequently been 
considered compensatory, the role of other brain regions, such as the amygdala, has been less frequently explored, 
despite evidence that the amygdala undergoes significant change in PD [3]. 
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Methods: Task-based fMRI data was obtained from 9 healthy subjects and 9 Parkinson patients. Subjects were 
asked to squeeze a rubber bulb to keep a bar within two parallel “tracks” that were scrolling downward. Squeezing 
increased the width of a bar. Normally, 10% of the maximum voluntary contraction (MVC) was required to keep the 
bar within the tracks. Approximately every 10s, there were bifurcations of each track and the subject had to follow 
either the inside or outside track necessitating squeezing to 5% or 15% of MVC respectively. During the control 
condition (C), subjects were instructed to simply follow the inside and outside tracks alternately, and the 
bifurcations came at constant (10s) intervals. In the Timing task (T), the time between bifurcations was jittered 
randomly. Finally, in the selection task (S), the bifurcations again were constant, but the colour of the bar changed 
1s before the bifurcation, which instructed the subject as to what track to take (red=inside, green=outside). 
We determined which Regions of Interest (ROIs) were robustly activated at the time of bifurcations, contrasting (S-
C) and (T-C) tasks. We also used connectivity measures to assess relative connection strengths between ROIs as 
well as assessed the timing of activation. 
Results: All subjects activated the caudate and putamen in both (S-C) and (T-C) contrasts, however only in PD 
subjects was the amygdala significantly activated. Comparison of ROIs’ time of maximum activation also revealed 
that amygdala was activated faster in S and T conditions compared to the C task in PD subjects. Similarly in PD, the 
greatest connectivity was seen to/from amygdala, while in HC the strongest edges were to/from caudate and 
putamen. 
Conclusions: We suggest that PD subjects recruit the amygdala to maintain performance in motor timing and motor 
program selection. 
References: [1] Zetusky, Walter J., Joseph Jankovic, and Francis J. Pirozzolo. "The heterogeneity of Parkinson's 
disease: clinical and prognostic implications." Neurology 35.4 (1985): 522-522. [2] Palmer, Samantha J., et al. 
"Motor reserve and novel area recruitment: amplitude and spatial characteristics of compensation in Parkinson’s 
disease." European Journal of Neuroscience 29.11 (2009): 2187-2196. [3] Braak, H., Braak, E., Yilmazer, D., de 
Vos, R. A., Jansen, E. N., Bohl, J., & Jellinger, K. (1994). Amygdala pathology in Parkinson's disease. Acta 
neuropathologica, 88(6), 493-500. [4] Frank, Michael J., Lauren C. Seeberger, and Randall C. O'reilly. "By carrot or 
by stick: cognitive reinforcement learning in parkinsonism." Science 306.5703 (2004): 1940-1943. [5] Tessitore, A., 
Hariri, A. R., Fera, F., Smith, W. G., Chase, T. N., Hyde, T. M., ... & Mattay, V. S. (2002). Dopamine modulates the 
response of the human amygdala: a study in Parkinson's disease. Journal of Neuroscience, 22(20), 9099-9103. 

772 
The trace of substantia nigra hyperechogenicity: a clinical observation 
A. Alonso-Canovas, J.L. Sendon-Moreno, G. Garcia-Ribas, N. Monterde-Gonzalez, C. Jara-Laguna, J.C. Martinez-
Castrillo, J. Masjuan (Madrid, Spain) 
Objective: To present an empirical observation regarding transcranial ultrasound in movement disorders and scalp 
sebum smear. 
Background: Transcranial ultrasound (TUS) detects substantia nigra hyperechogenicity (SN+) in 80-85% patients 
with Parkinson’s disease (PD). This echofeature is also detected in the prodromal phase of the disease, and 
associated with characteristic non-motor symptoms. The link between seborrheic dermatitis (SD) and PD is well 
established, as a risk factor and a common non-motor feature of the disease. 
Methods: Prospective analysis of consecutive patients with movement disorders who underwent diagnostic TUS in 
clinical practice (4 months period). TUS was performed with an EsaoteMyLab25Gold system, in supine position, on 
an ultrasound bed covered with disposable paper (Unidix 0.58x1.52), lasting approximately 10 minutes. Presence of 
a scalp sebum smear at the end of the examination was registered dichotomously (see Figures for examples). 
Results: Fifty-two patients (54% male), 72 (39-89) years old, with follow-up after TUS of 20 months (3-34) were 
included. SN+ was found in 34 (65%) and 16 (31%) had a positive smear (Figures 1-3). Final diagnosis at the end of 
follow-up was PD in 26 (50%), atypical parkinsonism (AP) in 9 (17%) and other diagnoses in 17 (33%). SN+ was 
associated with PD diagnosis (p:0.0078) and male sex (p: 0.04). Positive smear was associated with SN+ (p:0.0044) 

This article is protected by copyright. All rights reserved.



and male sex (p: 0.0003e-2), but not with final diagnosis. Multivariate analysis confirmed an association between 
SN+ and positive smear independent from sex (OR 11, IC95% 1.05-110). 
Conclusions: A positive scalp sebum smear in TUS examination paper is an easily detectable sign, strongly 
associated with SN hyperechogenicity. The relationship of both SN+ and SD with prodromal and defined PD may 
explain this observation. 
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773 
Transcranial ultrasound in atypical parkinsonism: how reliable is it in real clinical practice? A multi-centre 
comprehensive study 
A. Alonso-Canovas, J.I. Tembl-Ferrairo, I. Martinez Torres, J.L. Lopez Sendon-Moreno, I. Parees-Moreno, E. 
Monreal-Laguillo, P. Perez-Torre, R. Toledano, G. Garcia-Ribas, J. Masjuan, J.C. Martinez-Castrillo, U. Walter 
(Madrid, Spain) 
Objective: To assess real clinical practice usefulness of transcranial ultrasound in atypical parkinsonism differential 
diagnosis, and to perform a critical analysis of previous literature in this topic for comparison. 
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Background: Substantia nigra hyperechogenicity (SN+) in transcranial ultrasound (TUS) is frequent in Parkinson’s 
disease (PD), while lenticular nucleus hyperechogenicity (LN+) and III 
ventricle enlargement (IIIV+) are common in Atypical Parkinsonism (AP). However, there are no studies assessing 
the diagnostic yield of all TUS biomarkers in AP 
(progressive supranuclear palsy, PSP, multiple system atrophy, MSA, corticobasal degeneration, CBD). Previous 
references lack homogeneous criteria and data are 
incomprehensive (Table1). 
Methods: Analysis of TUS performed in routine clinical practice in AP and PD patients from two tertiary hospitals. 
Expert recommendations were strictly followed. Previous literature 
was critically analysed. 
Results: 155 AP (98 PSP, 40 MSA, 14 CBD), 254 PD, 145 control subjects were included (Figure1). We confirmed 
good sensitivity for SN+ in PD (80%), but specificity was lower 
than reported (61%) (Table2). LN+ and IIIV+ had moderate sensitivity for AP and PSP diagnosis respectively (65%, 
63%), but specificity was higher than reported (87%, 
91%). We confirmed high specificity and positive predictive value of the combination SN/LN (98%, 93% AP; 83%, 
86% PD). The combinations of two or three echofeatures, 
previously unreported, showed high specificity but lower sensitivity (SN/IIIV: 75% sensitivity, 87% specificity PD; 
42% sensitivity, 98% specificity PSP) (SN+LN+: 79% 
sensitivity, 86% specificity CBD) (SN/IIIV/LN: 67% sensitivity, 89% specificity PD; 29% sensitivity, 99% 
specificity PSP; 41% sensitivity, 95% specificity MSA; 57% 
sensitivity 91% specificity CBD). 
Conclusions: We present a large comprehensive study of TUS, confirming its usefulness and certain limitations in 
AP diagnosis. Adherence to consensus criteria is critical to implement 
TUS for clinical and research purposes. 
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774 
Spectrum of parkinsonian phenotypes associated with GCH1 mutation. 
D. Al-Shorafat, A. Shetty, D. Munoz, A. Fasano, A. Lang (Toronto, ON, Canada) 
Objective: To describe the heterogeneity of parkinsonism in patients with GCH1 mutations. 
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Background: Dopa-responsive dystonia (DRD) is an inherited disorder that responds dramatically to levodopa 
(LD). The most common cause of DRD is an autosomal dominant deficiency of GTP Cyclohydrolase 1 enzyme 
secondary to a heterozygous mutation in the GCH1 gene. It presents in childhood with lower limb-onset dystonia 
and mild parkinsonism. Some patients present with adult-onset parkinsonism with a similar response to LD but 
without the late motor complications of Parkinson’s disease (PD). Recently, mutations in GCH1 have been 
implicated as a risk factor of PD. We present three cases with different parkinsonian phenotypes associated with 
GCH 1 mutations. 
Methods: Case Series 
Results: Case 1: An 83-year-old lady with left foot equinovarus posture thought secondary to polio presented at the 
age of 56 with parkinsonism diagnosed as PD.  She responded very well to very low dose LD but developed mild 
LD-induced dyskinesia. She has a strong family history of DRD. She died at the age of 83 and autopsy showed loss 
of neuromelanin in substantia nigra neurons in the absence of neuronal loss. 
Case 2: A 69-year-old lady had a 13-year history of very slowly progressive adult-onset parkinsonism and left foot 
dystonia. She has a family history of PD. Her [11C] DTBZ PET scan showed reduced uptake in the right dorsal 
putamen. 
Case 3: A 73-year-old lady with childhood-onset right foot dystonia at the age of 7 developed adult-onset 
parkinsonism. She has a family history of DRD. On LD she developed dyskinesia and motor fluctuations requiring 
bilateral GPi DBS at the age of 65 with improvement. 
Conclusions: Dose-dependent dyskinesia has been described in DRD and happens in the absence of striatonigral 
degeneration. This usually occurs on the initiation of LD therapy and striatal D2 receptor up-regulation is the 
postulated explanation. Case 1 also demonstrated reduced neuromelanin without loss of dopaminergic cells, as 
described previously in few cases. On the other hand, rarely, presynaptic nigrostriatal cell loss can be associated 
with GCH-1 mutations. In Case 2 this was associated with a very benign course while Case 3 experienced motor and 
non-motor fluctuations responding well to DBS. The underlying pathology of the presumed nigral cell loss in these 
cases remains to be elucidated. 

775 
Multiple System Atrophy – perspectives in diagnosis? 
P. Alster, D. Koziorowski, L. Królicki, A. Friedman (Warsaw, Poland) 
Objective: The aim of this study was to study the role of perfusion single photon emission computed tomography 
(SPECT) in the examination of multiple system atrophy – parkinsonian type (MSA-P). 
Background: Multiple system atrophy (MSA) is a disease lacking of efficient methods of diagnosis. Current criteria 
of diagnosis are based on conclusions from 2008 [1.]. Neuroimaging is mentioned among the additional features of 
possible MSA. Among factors presented in the context of neuroimaging, depending on the type of MSA (MSA-P or 
MSA-C) authors mention that magnetic resonance Imaging may reveal atrophy within the putamen, middle 
cerebellar peduncle, cerebellum or pons. Authors of the guidelines show also the use of positron emission 
tomography as an indicator of hypometabolism in the same regions. SPECT and PET are also mentioned in the 
context of imaging of dopaminergic denervation. 
Methods: 11 patients with clinical diagnosis of MSA-P aged 45 to 78 were assessed using SPECT HMPAO. The 
disease duration varied from 3 to 6 years. Perfusion was evaluated in various locations, and compared with data 
obtained from healthy volunteers, using Scenium software. 
Results: Obtained results revealed the most significant hypoperfusion compared to control in the left thalamus, right 
gyrus rectus, left insula, left occipital lobe, left gyrus rectus, left hippocampus, left temporal lobe, left basal ganglia 
and left cerebellum. In those regions the average of standard deviations was between 0,85 and 2,00. 
Conclusions: Results show that hypoperfusion can be observed in various regions, however hypoperfusion in the 
cerebellum in MSA-P and the overlapping of symptoms of MSA-P and MSA-C may question the boundaries 
between the diseases. Precise analysis requires more research in the field based on larger groups of patients. 
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References: 1. Gilman S et al, Second consensus statement on the diagnosis of multiple system atrophy, Neurology. 
2008 Aug 26; 71(9): 670–676. doi: 10.1212/01.wnl.0000324625.00404.15 

776 
Parkinsonism in HIV positive persons in South Africa 
F.H. Amod (Durban, South Africa) 
Objective: To describe the clinical features of Persons living with HIV (PLH) with Parkinson's disease 
Background: Parkinson’s disease is a disease of ageing(1) .  As the life expectancy of PLH in South Africa 
increases due to widely available antiretroviral therapy (ART) we are likely to see an increase of PD in this 
population(2). There are 7 million PLH in South Africa (3). Prior to the ART rollout, Parkinsonism was described in 
PLH due to opportunistic infections, dopamine antagonist or HIV associated Parkinsonism (4). There is a complex 
interaction between HIV and the development of Parkinsonism. Dopamine concentrations in the nigrostriatal 
pathway are reduced in HIV infected persons (4). HIV protein Tat inhibits the synthesis of dopamine and gp120 
causes excitotoxic dopamine neuronal loss via generation of reactive oxygen species (5, 6). There is hypersensitivity 
to dopamine receptor blockade(4). Resolution of Parkinsonism in PLH has been described after ART initiation (7). 
The interaction between HIV, ART , PD and PD medications in case reports suggests that PD in PLH occurs earlier 
and responds well to dopaminergic treatment (8). We describe our series of patients with HIV and PD. 
Methods: Between 2002 and 2016 there were 643 patients coded as Parkinson’s disease (ICD 10 G20). The United 
Kingdom Parkinson’s Disease Society Brain Bank Clinical Diagnostic Criteria was used to diagnose PD. PLH were 
identified by two positive HIV ELISA tests. Our Neurology services are at a Tertiary Hospital in Durban, South 
Africa with a population of 11 million persons. 
Results: Twenty three patients were coded as PD and were HIV positive. Nine were excluded, 2 patients had HIV 
associated neurocognitive disorder, 1 Dementia with Lewy Bodies, 1 Drug Induced Parkinsonism, 3 atypical 
Parkinsonism , 1 vascular Parkinsonism and 1 patient only attended once.Fourteen PD patients were HIV positive 
with a nadir CD4 count of 272 cells/µL. The mean age at onset (AAO) of PD was 56 years (range 27-65), 9 were 
Males and 13 were on ART’s. Viral load was lower than detectable in 7 patients. Mean LEDD was 675mg after a 
mean PD symptom duration of 5 years. The AAO was lower than the HIV negative PD patients (mean=59 years). 
There was no difference in LEDD and mean Hoehn and Yahr score at last visit. 
Conclusions: Conclusion:PD in PLH presents at a younger age with a good response to dopamine replacement 
therapy. 
References: 1. Kalia LV, Lang AE. Parkinson's disease. Lancet. 2015;386(9996):896-912. 2. Bor J, Herbst AJ, 
Newell ML, Barnighausen T. Increases in adult life expectancy in rural South Africa: valuing the scale-up of HIV 
treatment. Science. 2013;339(6122):961-5. 3. Statistics South Africa. Mid-Year estimates 2016 2016, August 25 
[Available from: https://www.statssa.gov.za/publications/P0302/P03022016.pdf. 4. Koutsilieri E, Sopper S, Scheller 
C, ter Meulen V, Riederer P. Parkinsonism in HIV dementia. J Neural Transm (Vienna). 2002;109(5-6):767-75. 5. 
Louboutin JP, Reyes BA, Agrawal L, Van Bockstaele EJ, Strayer DS. HIV-1 gp120-induced neuroinflammation: 
relationship to neuron loss and protection by rSV40-delivered antioxidant enzymes. Exp Neurol. 2010;221(1):231-
45. 6. Agrawal L, Louboutin JP, Marusich E, Reyes BA, Van Bockstaele EJ, Strayer DS. Dopaminergic 
neurotoxicity of HIV-1 gp120: reactive oxygen species as signaling intermediates. Brain Res. 2010;1306:116-30. 7. 
Kobylecki C, Silverdale MA, Varma A, Dick JP, Kellett MW. HIV-associated Parkinsonism with levodopa-induced 
dyskinesia and response to highly-active antiretroviral therapy. Mov Disord. 2009;24(16):2441-2. 8. Moulignier A, 
Gueguen A, Lescure FX, Ziegler M, Girard PM, Cardon B, et al. Does HIV Infection Alter Parkinson Disease? J 
Acquir Immune Defic Syndr. 2015;70(2):129-36. 

777 
A possible case of prodromal DLB with prominent hallucinations, autonomic dysfunction, and REM behavior 
disorder but absence of cognitive impairment 
K. Amodeo (Rochester, NY, USA) 
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Objective: Dementia with Lewy bodies (DLB) is the second most common cause of neurodegenerative dementia, 
after Alzheimer’s disease (AD). While mild cognitive impairment (MCI) is a key prodromal syndrome for AD, the 
prodrome for DLB is likely more broad with syndromes other than MCI. The purpose of this case report is to 
highlight a possible non-MCI presentation. 
Background: Rapid eye movement sleep behavior disorder (RBD) is strongly associated with neurodegenerative 
synucleinopathies, like DLB, and can present years prior to the onset of cognitive impairment. 
Methods: Here, I present a 47 years old man with spontaneous psychosis, RBD, autonomic dysfunction, and 
fluctuations in level of alertness with no objective cognitive impairment. 
Results: At the time of presentation to our center, the patient had been experiencing visual and auditory 
hallucinations for 5 years in the absence of a mood or other primary psychiatric disorder. He had no prior history of 
psychosis. He had been experiencing symptoms of RBD (diagnosis confirmed with polysomnogram) for 4 years. He 
had been evaluated by Psychiatry, Neuroimmunology, Epilepsy, and Memory Care specialists with no clear 
diagnosis in the setting of an unrevealing, extensive work-up, which included a normal brain MRI, long-term 
monitoring EEG, paraneoplastic CSF and plasma panels, 24 urine collection for catecholamines and 
porphobilinogens, CT scans of the chest, abdomen, and pelvis, HIV, ceruloplasmin, and syphilis testing. In addition 
to hallucinations and RBD, he had been experiencing excessive night-sweats for 5 years and underwent tilt-table 
testing on one occasion with evidence of increased sympathetic tone in the supine position. Despite self-reports of 
cognitive impairment, extensive neuropsychological testing failed to detect deficits with normal to high-normal 
performance across all domains. EMG/NCS was done with no evidence of polyneuropathy, generalized peripheral 
nerve hyperexcitability, fasciculations, myokymia or neuromyotonia. On exam, there was slight parkinsonism in his 
right upper extremity. DaTscan was subsequently obtained and demonstrated asymmetrically decreased radiotracer 
in the left basal ganglia. 
Conclusions: I proposed that this case may represent a psychiatric prodrome/pre-dementia subtype of DLB with 
disproportionate limbic involvement over other areas of the brain. 
References: [1] McKeith I, Taylor JP, Thomas A, et al. Revisiting DLB Diagnosis: A consideration of Prodromal 
DLB and of the Diagnostic Overlap With Alzheimer Disease. Journal of Geriatric Psychiatry and Neurology. 2016; 
29(5): 249-253. 

778 
Clinical heterogeneity and neuropathological correlation in progressive supranuclear palsy - description of 4 
cases 
A. André, M. Malaquias, C. Pinto, M. Calejo, A. Correia, M. Pires, P. Pinto, A. Mendes, M. Magalhães, R. Taipa 
(Faro, Portugal) 
Objective: Description of four cases of definite PSP and assessment of the relation between clinical characteristics 
and severity and topographical distribution of tau pathology pathology. 
Background: Progressive Supranuclear Palsy (PSP) is a clinically heterogeneous neurodegenerative disease with 
diagnosis difficulties in the early stages. The accuracy of clinical prediction of PSP pathology remains challenging. 
Methods: Retrospective and observational analysis of the clinical-radiological and neuropathological features of 
four cases with definitive PSP, from Portuguese Brain Bank. The neuropathological severity was assessed blinded 
for clinical and imaging. 
Results: The age of onset of symptoms varied between 53-63 years and duration of the disease between 8-15 years. 
Two cases (A and B) corresponded to the diagnosis of PSP-Richardson syndrome from the beginning, although case 
B presented with right upper limb dystonia. Two cases had greater phenotypic diversity: Case C presented with 
hemidystonia, hand and left limb apraxia, early cognitive and behavioral changes; case D present a severe dystonia, 
akinetic-rigid syndrome without postural instability or falls until late stage of the disease, hemidystonia with left 
alien limb and behavioral changes. Two of the cases fulfilled brain MRI criteria for PSP ad initium, while in the 
others patients, criteria was meet later on the disease course. All cases presented typical neuropathological 
characteristics of PSP. In case C, it was observed a predominance of upper cortical tau pathology compared to the 
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basal ganglia / brainstem, and the presence of Alzheimer's disease co-pathology (Braak IV stage). In case D, severe 
neuronal loss of globus pallidus, substantia nigra and subtalamic nucleus ("pallido-nigro-luysial atrophy - PNLA") 
was observed. 
Conclusions: The analysis of these cases confirms the phenotypic diversity of the PSP and the relation with the 
neuropathological findings. We highlight the case D which present clinical characteristics described in the PNLA 
variant of the PSP. 

779 
An outlook: Palliative care for patients with Parkinsonism syndrome 
M.I. Arain (Jamshoro, Pakistan) 
Objective: The main purpose of  study is to provide interventions and highlight the assessment of supportive care 
needs in Parkinson’s disease. 
Background: A clinical syndrome known as parkinsonism is a combination of different complications such as 
bradykinesia, postural instability, rest tremor, apraxia and rigidity. It is a chronic neurodegenerative disease that 
requires supportive care and treatments including non pharmacological treatments, such as palliative care for patient, 
physiotherapy, family education, emotional support, general wellness maintenance, and nutrition. 
Methods: A cross-sectional study was conducted to find out the prospective of PD in resident of different rural and 
urban areas of Hyderabad, Pakistan. Initially stage, we used a expediency sample. However, as the study progressed, 
we gathered utmost verity of sampling to make sure the variety in terms of demographic data, Parkinsonism 
syndrome complications, treatment and management status. During study, total of 40 individual level interviews & 4 
group of focus were held to obtain the information of patients, those are not satisfied to palliative care & preferences 
for addressing these needs. Interview domains & sample questions are based on communication, symptoms, 
Psychological, Quality of life 
Results: Thus, almost in all patients described how social embarrassment and the unpredictable nature of symptoms 
led to restriction of activities and social withdrawal. Speech apraxia and gait issues were most common cause of 
withdrawal of social activities for patients (81%).after interventions and palliative care support their social activates 
increase for patients (48%). The concept of self and relationship changes affected patients’ sense of self in 68% 
cases and Depression is common in these patients. The majority of patients (92%) did not have any idea about 
palliative care and however, when educated on supportive care and management, patients responded positively. 68% 
patients believe that Religion and spirituality is a source of treatments and remaining patients consider meditation & 
prayer both are impotent for treatment 
Conclusions: These results concluded the Parkinsonism syndrome and their complications are major burden on the 
person and also their families. So, palliative care is a supportive treatment for patients of Parkinsonism which treat 
and develop believe and hope of recovery in patients. 

780 
Identifying perceptual, motor and cognitive components contributing to the slowness of information 
processing in Parkinson's disease and the implication in the quality of life 
A. Arroyo, J. Andreo, J. Periañez, G. Lubrini, M. Rios, J.P. Romero (Pozuelo de Alarcon, Spain) 
Objective: To identify, through tasks of reaction times (RT), the motor, cognitive and perceptual components 
involved in the processing of information in PD and to relate these components to the self-perceived quality of life 
(QoL) by the patient. 
Background: In PD, motor symptoms predominate, but there are other non-motor symptoms, such as the cognitive 
impairment that can occur from early stages of the disease and can affect the QoL of patients [1]. Inhibition, 
decision making and visual search have been reported to be affected in PD, as well as perception and attention [2]. 
Methods: 45 PD patients and 47 healthy controls were recruited, with no differences in age, sex and educational 
level. All the subjects were administered four RT tasks where we evaluated different cognitive and perceptual 
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components, plus a purely motor test [Figure 1]. The PD patients filled the PDQ-39 scale and passed them the video-
filmed MDS-UPDRS III (average 14.93), most of the patients were in stage II of the HY. 
Results: There were no differences in the pure motor task between both groups p = 0.25. We found significant 
differences between both groups in all cognitive tasks [figure 2]. When performing the analysis of the components 
involved through the various ANCOVAs, we found that, eliminating the shared variance between the different tasks, 
the only component involved in the increase in RT is perception and sustained attention [figure 3]. We have seen a 
positive correlation between some of the tasks and the PDQ-39 and the MDS-UPDRS III [Table 1]. 
Conclusions: There seems to be a general slowing down in the processing of information in PD patients that might 
be due to a deficit in perception and sustained attention that impair the performance of more complex tasks. These 
deficits are intimately related to the severity of the symptoms and the QoL self-perceived by the patients. 
References: 1 Chaudhuri KR, Healy DG, Schapira HVA. (2006). Non-motor symptons of Parkinson’s disease: 
diagnosis and management. Lancet Neurol. 5:235-245 2 Dujardin, K., Tard, C., Duhamel, A., Delval, A., Moreau, 
C., Devos, D., & Defebvre, L. (2013). The pattern of attentional deficits in Parkinson's disease. Parkinsonism & 
related disorders, 19(3), 300-305. 
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781 
A genome wide pleiotropic approach to identify the genetic architecture of multiple system atrophy and its 
interaction with Parkinson’s disease 
A. AshokKumar Sreelatha, A. Shadrin, C. Blauwendraat, O. Frei, T. Gasser, G. Wenning, A. Singleton, H. Houlden, 
S. Scholz, O. Andreassen, M. Sharma (Tübingen, Germany) 
Objective: The aim of this study is to provide new insights into the genetic architecture of multiple system atrophy 
(MSA) and investigate shared molecular genetic mechanisms between MSA and Parkinson’s disease (PD). 
Background: Despite the clinical overlap between PD and MSA, there have been conflicting results regarding the 
role of α-synuclein in MSA pathogenesis and recently published MSA GWAS failed to identify novel loci for its 
underlying pathogenesis. A genetic-pleiotropy approach was applied to identify novel loci in a diverse spectrum of 
complex diseases (1) 
Methods: We applied conditional/conjunctional false discovery rate method (condFDR/conjFDR) to genome-wide 
association study (GWAS) summary statistics data on MSA (1030 cases and 3864 controls) and PD (13,708 cases 
and 95,282 controls)(2,3). The genetic overlap between MSA and PD was assessed by conditional quantile-quantile 
(Q-Q) plots and LD-score genetic correlation. Functional annotation of the identified variants and pathway analysis 
were performed using FUMA. 
Results: Conditional QQ plots (Figure 1A and 1B) showed a considerable genetic overlap between MSA and PD 
supported by significant genetic correlation (rg=0.5535, p=7.76E-03). We identified 8 MSA-associated loci at level 
condFDR<0.05 (Table 1, Figure 2) out of these hits four were not reported previously. The leading SNPs for 4 of 
these 3 novel loci are located in introns of protein coding genes (SLC2A5, ANO3 and RILPL2) and the latter is 
43044 kb downstream of the RN7SKP141 gene. One shared locus between MSA and PD with the leading SNP in 
WNT3 gene was identified in conjFDR analysis (conjFDR<0.05). Pathway analysis of identified loci revealed 
significant enrichment in male genitalia development, carbohydrate transmembrane transport, establishment of 
protein localization to plasma membrane pathways (Figure 3). 
Conclusions: Our study for the first time provided an evidence regarding the involvement of a common genetic 
component between MSA and PD and identifies 4 novel loci associated with MSA. Taken together, these findings 
may contribute towards a better understanding of genetic risk architecture of MSA and its relation to PD. 
References: 1. Witoelar A, Jansen IE, Wang Y, Desikan RS, Gibbs JR, Blauwendraat C, et al. Genome-wide 
Pleiotropy Between Parkinson Disease and Autoimmune Diseases. JAMA Neurol [Internet]. 2017;74(7):780–92. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28586827 2. Sailer A, Scholz SW, Nalls MA, Schulte C, 
Federoff M, Price TR, et al. A genome-wide association study in multiple system atrophy. Neurology [Internet]. 
2016 Oct 11 [cited 2019 Feb 4];87(15):1591–8. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5067544/pdf/NEUROLOGY2016719088.pdf 3. Nalls MA, 
Pankratz N, Lill CM, Do CB, Hernandez DG, Saad M, et al. Large-scale meta-analysis of genome-wide association 
data identifies six new risk loci for Parkinson’s disease. Nat Genet [Internet]. 2014 Sep [cited 2018 Sep 
11];46(9):989–93. Available from: https://www.nature.com/articles/ng.3043.pdf 
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782 
Improving outcomes in hospitalized Parkinson's patients 
S. Aslam, E. Simpson, M. Baugh, H. Shill (Phoenix, AZ, USA) 
Objective: Evaluate an inpatient intervention to reduce rates of hospital related complications in hospitalized 
patients with Parkinson’s disease (PD). 
Background: Several interventions have been suggested to reduce known hospital complications in hospitalized PD 
patients but data driven recommendations are limited in the literature. 
Methods: A hospital wide alert system was incorporated into the EMR of Dignity Health affiliated hospitals in 
Arizona. Extensive in-services were done with providers and staff. Charts of subjects with PD admitted 6 months 
before and after the intervention were reviewed for baseline demographics, compliance with the intervention, and 
outcomes. 
Results: 73 patients (mean age 73.2 years, mean disease duration 7.2 ± 9.1 years) in the pre-intervention group, 103 
patients (mean age 72.3 years, mean disease duration 7.0 ± 6.4 years) in the post-intervention group were included. 
There were no significant differences among reasons for admission, admission to neurological vs non-neurological 
floor, or the service the patients were admitted to between the groups. The percentage of patients for whom 
contraindicated medications ordered decreased from 42.5% to 17.5% (p<0.001). Medication administration within 
30 minutes of scheduled time increased from 46% to 53%, and doses given over 30 minutes went from 46% to 39% 
(p=0.068). Medications ordered by home schedule were 42.9% vs 54.7% (p=0.131) before and after the 
intervention. Length of stay was 5.3 vs 5.2 days (p=0.896) and mean number of complications was 0.38 vs 0.37 
(p=0.864). 
Conclusions: An intervention involving EMR alerts and in-service didactics decreased the frequency of 
contraindicated medications ordered in hospitalized PD patients. 

783 
Limitations of Curcumin as a Therapeutic Agent in Rotenone Induced Dopaminergic Neurodegeneration: 
Insights from Drosophila Model of Parkinson’s Disease 
M. Ayajuddin, S.C. Yenisetti (Zunheboto, India) 
Objective: To understand the efficacy of curcumin in rotenone induced Drosophila model of Parkinson’s disease. 
Background: Parkinson’s disease (PD) is the second most common neurodegenerative disorder affecting 
approximately 1% of the population over age 50.  Exposure to environmental toxins has been found to be a risk 
factor for sporadic PD. Herbicide rotenone has been shown to cause Parkinsonian symptoms in Drosophila models. 
Methods: Experimental. 
Results: Drosophila is susceptible to rotenone in dose-time dependent manner. Rotenone also induces locomotory 
defects in Drosophila.  Curcumin rescues mobility defects (climbing phenotype) associated with rotenone exposure 
in Drosophila model during health span whereas it fails to rescue the mobility defects in late health span and 
transition stage illustrating the limitations of curcumin in mitigating the pathology associated with rotenone 
mediated neurodegeneration in Drosophila model of PD. In humans, death of dopaminergic neurons in the substantia 
nigra (SN) is the characteristic pathogenic feature of Parkinson’s disease.  Study of dopaminergic neurons in whole 
mount fly brain using in situ hybridization technique reveals that rotenone causes neuronal dysfunction. Albeit, there 
is no significant difference in the number of dopaminergic neurons, there is significant decrease of about 40-50% in 
the pixel intensity under diseased condition which is significantly altered upon cofeeding with curcumin in young 
flies. Further, upon quantification of the levels of brain specific dopamine (DA) and its metabolites: 3,4-
dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA) shows that level of dopamine is significantly 
reduced to 30-40% under diseased conditions which could be rescued upon co-feeding with curcumin in young flies 
but not in old aged flies while the level of metabolites varies in different stages of the life span of Drosophila. 
Conclusions: These results show that curcumin mitigates the rotenone mediated dopaminergic degeneration only in 
young flies. The results also illustrate the limitation of curcumin in dopaminergic neuroprotection and probable 
targets of curcumin for neuroprotection only during health phase of adult life span of Drosophila. 
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References: Ayajuddin M, Das A, Phom L, Modi P, Koza Z, Chaurasia R, Thepa A, Jamir N, Singh PR, 
Sentinungla, Lal P and Yenisetti SC. 2018. Parkinson’s Disease: Insights from Drosophila Model In: Drosophila 
melanogaster - Model for Recent Advances in Genetics and Therapeutics. Farzana Khan Perveen (Ed). In-tech 
Croatia, European Union. pp 157-192. Coulom H and Birman S. 2004. Chronic Exposure to Rotenone Models 
Sporadic Parkinson’s Disease in Drosophila melanogaster The Journal of Neuroscience. 24(48):10993–10998 

784 
Three-year follow-up of a patient with a rare combination of taupathy (PSP) and synucleopathy (MSA) 
D. Aygun (Samsun, Turkey) 
Objective: We couldn't find an article showing that MSA and PSP appeared simultaneously in the same patient in 
the english literature. We wanted to present a three-year follow-up of a patient with a rare combination of MSA and 
PSP. 
Background: Multiple system atrophy (MSA) and Progressive supranuclear palsy (PSP) are adult-onset and 
progressive neurodegenerative disorders. The early findings of MSA frequently are associated with autonomic 
dysfunction symptoms such as bladder dysfunction, erectile dysfunction in males and orthostatic hypotension. 
Postural instability and limitation of vertical gaze are the early findings in PSP. Early falls and vertical gaze palsy 
without dysautonomia may differentiate PSP from MSA. It has been reported that the hummingbird sign is a helpful 
diagnostic marker for the differential diagnosis of PSP. 
Methods: Case Report: This patient was referred for a neurological examination for the first time at the age of 56 
years. He reported that the first symptoms occurred at the age of 55, when difficulties with speech and walking 
gradually developed. Sometimes, when he got up, he said he had a dizziness (moderate orthostatic hypotension). He 
also had mild urinary incontinence and severe erectile dysfunction. There was nothing special in her family history. 
Neurological examination (in the first application) revealed dysarthria, with occasional stuttering, slowing in vertical 
fast eye movements, bilateral pyramidal tract involve, and mild postural instability. Neurological examination of the 
patient after three years revealed severe dysarthria with hoarse, bulbar involve, hypomimia, symmetrical moderate 
bradykinesia with rigidity, bilateral pyramidal tract involve, gait and limb ataxia and severe postural instability. She 
also had severe orthostatic hypotension, severe urinary incontinence and modarate mental decline (slowed thinking 
and retrieval of information, poor organization reduced attention). 
Results: Brainstem atrophy seen on brain magnetic resonance imaging (MRI) was more severe than in the first year 
in the fourth year of the disease course. Severe pons atrophy with the hot cross bun sign, midbrain atrophy with the 
hummingbird sign (concave upper surface) and cerebellar atrophy were seen on images. 
Conclusions: Our patient showed that the simultaneous presence of two different neurodegenerative diseases in the 
same patient may adversely affect the disease course. 

785 
GBA-LRRK2 Parkinson’s Disease: a clinical case 
L. Azevedo Kauppila, D. Pimenta Silva, A. Castro Caldas, M. Coelho, J. Ferreira, L. Correia Guedes (Lisboa, 
Portugal) 
Objective: Description of the phenotype of a Parkinson’s disease (PD) patient carrying mutations in both GBA and 
LRRK2 genes. 
Background: Monogenic PD due to LRRK2 gene mutations (LRRK2-PD) is associated with a relatively similar 
phenotype when comparing to idiopathic PD. PD in patients carrying GBA gene mutations (GBA-PD) has an earlier 
mean age of onset, in association with cognitive impairment and more pronounced motor progression. Cases of co-
occurring mutations in PD have rarely been described. 
Methods: Description of a clinical case of GBA-LRRK2-PD, studying the patient’s clinical course. 
Results: Woman, 57 years-old, with a predominantly akinetic-rigid syndrome since 44 years of age, associated with 
RBD. She progressively developed motor fluctuations and choreic dyskinesias. Neuropsychological evaluation 
disclosed a mild cognitive impairment after 11 years of disease. At 13 years of disease, she presented with a MoCA 
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of 20/30, slow eye movements (mainly vertical ones) with no ophthalmoparesis, smooth pursuit eye movement 
impairment, facial dystonia and anterocolis, asymmetric akinetic-rigid parkinsonism, postural instability, MDS-
UPDRS III (on) 45, HY 2. Brain MRI documented an asymmetric reduction of substantia nigra and locus coeruleus’ 
neuromelanin signal, with no change of the parkinsonism index, nor any other abnormalities. She had a family 
history of a paternal aunt with parkinsonism and dementia, no known consanguinity. Dominant (PARK 1, SCA2) 
and recessive (PARK9, PARK15, NPC) parkinsonism genetic testing was negative. A heterozygous c.1226A>G 
p.Asn409Ser mutation in the GBA gene and a heterozygous c.6055A>G p.Gly2019Ser mutation in the LRRK2 gene 
were identified. 
Conclusions: There are few cases described of GBA-LRRK2-PD, and their clinical phenotype is not yet totally 
established. There is evidence of a possible modulation of individual phenotypes associated with each mutation by 
the presence of a second mutation on a different gene, but the literature on this matter is thus far scarce. The case of 
our patient with a G2019S mutation on the LRRK2 gene and a concomitant mutation on the GBA gene illustrates 
the clinical worsening of the classical LRRK2 phenotype with the presence of a GBA mutation. 
References: 1) Yahalom G, Greenbaum L, Israeli-Korn S, et al. Carriers of both GBA and LRRK2 mutations, 
compared to carriers of either, in Parkinson's disease: Risk estimates and genotype-phenotype correlations. 
Parkinsonism Relat Disord 2018, doi: 10.1016/j.parkreldis.2018.12.014. 2) Malek N, Weil RS, Bresner C, et al. 
Features of GBA-associated Parkinson’s disease at presentation in the UK Tracking Parkinson’s study. J Neurol 
Neurosurg Psychiatry 2018; 89: 702–709. 3) O’Regan G, deSouza R-M, Balestrino R, Schapira AH. 
Glucocerebrosidase Mutations in Parkinson Disease. Journal of Parkinson’s Disease 2017; 7: 411–422. 4) Pal G, 
Robertson E, O’Keefe J, Hall Deborah. The Neuropsychiatric and Motor Profile of GBA-Associated Parkinson’s 
Disease: A Review. Mov Disord Clin Pract. 2015; 16; 3(1):4-8. 5) Jesús S, Huertas I, Bernal-Bernal I, et al. GBA 
Variants Influence Motor and Non-Motor Features of Parkinson's Disease. PLoS ONE 2016; 11(12): e0167749. 6) 
Asselta R, Rimoldi V, Siri C, et al. Glucocerebrosidase mutations in primary parkinsonism. Parkinsonism and 
Related Disorders 2014; 20: 1215-1220. 7) Sidransky E, Lopez G. The link between the GBA gene and 
parkinsonism. Lancet Neurol. 2012; 11(11): 986–998. 8) Gan-Or Z, Bar-Shira A, Mirelman A, et al. LRRK2 and 
GBA mutations differentially affect the initial presentation of Parkinson disease. Neurogenetics 2010; 11:121–125. 
9) Da Silva C, Abreu GM, Acero PHC, et al. Clinical profiles associated with LRRK2 and GBA mutations in 
Brazilians with Parkinson's disease. Journal of the Neurological Sciences 2017; 381: 160–164. 

786 
The Efficacy and Safety of Subcutaneous Apomorphine in Patients with Parkinson's Disease: A Meta-
Analysis Randomized Controlled Trials 
M. Azharuddin, M. Adil, P. Ghosh, M. Sharma (New Delhi, India) 
Objective: The objective of this study to evaluate the efficacy and safety of subcutaneous apomorphine for patients 
with Parkinson’s disease (PD). 
Background: Subcutaneous apomorphine has been widely used therapy for PD. However, there is limited evidence 
related to effectiveness in improving outcomes in patients with PD. 
Methods: A systematic search on MEDLINE and Cochrane Central Register of Controlled Trials was performed to 
identify English language articles published between January 2000 to January 2019. The eligible randomized 
controlled trials (RCTs) compared subcutaneous apomorphine with placebo as the control group for improving 
impairment, disability and health-related quality of in patients with PD. A random effects model was used to 
calculate the pooled mean difference (MD) and odds ratio (OR) with 95% confidence interval (CI). Meta-analysis 
was performed using RevMan 5.3 software. To test the robustness of the results, a sensitivity analysis was 
conducted by sequentially removing each study and reanalyzing the remaining studies. 
Results: A total of 7 RCTs included with 312 participants. The primary outcome measured by the Unified 
Parkinson’s Disease Rating Scale (UPDRS). Results from pooled meta-analysis showed evidence for no effect of 
subcutaneous apomorphine compared to control group on total UPDRS score (MD -0.58, 95% CI -8.56 to 7.39; 
P=0.89). A study observed a significant reduction in off time (hours) compared with the control group (1.89 hours 
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per day, 95% CI -3.16 to -0.62 P< 0.002). However, there was no significant differences observed in UPDRS III 
(P=0.25) and the quality of life (QoL); PDQ 8 (P=0.34) scores. In addition, no significant difference was found in 
the adverse effects (OR 2.71, 95% CI 0.80 to 9.14; P=0.11). The sensitivity analysis revealed that two studies have 
substantial influence on the effect size for the significant changes in the score of UPDRS (MD -8.27, 95% CI -11.28 
to -5.26; P=0.001). 
Conclusions: The current meta-analysis found, a non-significant effect in improving QoL, disability, and 
impairment in patients with PD between subcutaneous apomorphine and control group. Although the sensitivity 
analysis found a significant effect of subcutaneous apomorphine on UPDRS when compared with the control group. 
Further long term follow-up RCTs and real-world studies required to make this finding more robust. 
References: 1. Nomoto M, Kubo SI, Nagai M, Yamada T, Tamaoka A, Tsuboi Y, Hattori N, PD Study Group. A 
randomized controlled trial of subcutaneous apomorphine for Parkinson disease: a repeat dose and pharmacokinetic 
study. Clinical neuropharmacology. 2015 Nov 1;38(6):241-7. 2. Katzenschlager R, Poewe W, Rascol O, 
Trenkwalder C, Deuschl G, Chaudhuri KR, Henriksen T, van Laar T, Spivey K, Vel S, Staines H. Apomorphine 
subcutaneous infusion in patients with Parkinson's disease with persistent motor fluctuations (TOLEDO): a 
multicentre, double-blind, randomised, placebo-controlled trial. The Lancet Neurology. 2018 Sep 1;17(9):749-59. 

 

 

 

787 
Does Transcranial Direct Current Simulation Improve Motor Functions in Patients with Parkinson’s 
disease? 
E. Bahbah, M. Morsi, M. Aziz, A. Hassanen, A. Ali, M. Abdelmongy, M. Sinokrot, A. Negida, A. Shalash (Damietta, 
Egypt) 
Objective: The aim of this meta-analysis is to investigate the impact of active tDCS on motor function in patients 
with PD. 
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Background: Parkinson’s disease (PD) is the second most common neurodegenerative disorder, characterized by 
progressive degeneration of dopaminergic interneuron, and still pharmacological challenging. Non-invasive brain 
stimulation techniques, such as Trans-cranial direct current stimulation (tDCS), in which a direct current is applied 
via surface electrodes on the head for a certain time most suggested to be for 13 min with 2 mA with a safe and easy 
application. 
Methods: A computer literature search of PubMed was conducted through August 2017. Records were screened for 
eligible randomized controlled trials comparing the safety and efficacy of tDCS with sham intervention. Effect 
estimates of the UPDRS-III, timed up and go, and stride length were pooled as the mean difference between the two 
groups from the baseline (off stimulation) to the endpoint (on-stimulation) in the meta-analysis model using 
RevMan version 5.3 for windows. 
Results: Five RCTs (with a total of 169 patients) were included in the final analysis. TDCS was not effective in 
terms of improving UPDRS-III subscale (MD 8.80, 95% CI [-0.63 to 21.24], p= 0.17), stride length (SMD 0.21, 
95% CI [-0.49 to 0.91], p= 0.56), or the timed up and go (MD -1.22, 95% CI [-4.22 to 1.77], p= 0.42). 
None of the adverse events were significantly common in the tCDS group than the sham group (Risk Difference 
0.04, 95% CI [-0.06 to 0.15], p= 0.40). Pooled data were not heterogeneous. 
Conclusions: Current evidence suggests that tDCS does not improve the motor functions of PD patients. However, 
larger studies with longer follow-up periods are still needed. 

788 
Per-oral image guided gastrojejunostomy insertion for levodopa-carbidopa intestinal gel in Parkinson’s 
disease is safe and may be advantageous 
F. Baig, L. Mooney, M. Selikhova, M. Rolinski, K. Szewczyk-Krolikowski, N. Collin, A. Whone (Bristol, United 
Kingdom) 
Objective: We describe a case series of 12 patients requiring administration of levodopa-carbidopa intestinal gel 
(LCIG) who had their tube placed by  per-oral image guided gastrojejunostomy (PIG-J) rather than the traditional 
percutaneous endoscopic gastrojejunostomy (PEG-J). 
Background: In contrast to an approach requiring endoscopy, gastrojejunostomy can be inserted under fluoroscopic 
guidance. Developed primarily for inserting feeding tubes, the tubes are placed directly through the gastrostomy and 
use either a balloon or pig-tail end to secure their placement. However, this has a higher risk of being dislodged than 
the tubes fixed with an internal phalange. A variation on this technique is the per-oral image guided 
gastrojejunostomy (PIG-J), which allows the insertion of the tube with the more secure fixation device. 
Methods: The movement disorder centre in Southmead hospital serves as a tertiary referral centre for the South-
West of the UK, offering device therapies for PwP for patients with significant motor fluctuations, despite optimal 
oral medical therapy. In line with current UK practice and NICE guidelines, LCIG would be considered where 
apomorphine and deep brain stimulation were unsuitable, taking into account patient preferences. 
The stomach is inflated with a nano-gastric tube, local anaesthetic used to infiltrate the stoma site followed by a 
needle puncture (under fluoroscopic guidance) and then a guide-wire. The guide-wire is used to pull through the 
administration tube and the jejunal extension is then placed under fluoroscopic guidance. 
Results: We will present the case series of 12 patients with PIG-J insertion, including response to treatments and 
adverse events. 
Conclusions: Per-oral image guided gastrojejunostomy insertion for levodopa-carbidopa intestinal gel is safe and 
well tolerated in this small cohort of patients with advanced Parkinson’s. The size of this cohort precludes any firm 
conclusions being drawn as to the potential advantages of this technique. However, based on this preliminary data, 
we propose that this promising technique warrants further investigation as it has the potential to reduce procedure 
related complications and may also allow access to LCIG therapy for patients in which PEG-J is unsuitable or not 
tolerated. 
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789 
Clinical Associations of Hand Deformities in Parkinson´s Disease 
J.F. Baizabal-Carvallo, M. Alonso-Juarez, R. Fekete (Leon, Mexico) 
Objective: Objective: We aimed to correlate hand deformities in patients with Parkinson´s disease (PD) with 
demographics, motor status and other parkinsonian postural abnormalities in order to gain insights into contributing 
causes of such deformities and address whether these hand deformities are predictors of advanced PD, dyskinesia, 
worse motor and cognitive status. 
Background: Background: Hand deformities have been recognized since the XIX century as part of the postural 
abnormalities observed in Parkinson´s disease (PD). 
Methods: Methods: We evaluated 104 hands of 52 consecutive patients with PD by high resolution photographs 
taken from the radial aspect of each hand; the degree of flexion of the 2nd metacarpophalangeal (MCP) joint was 
measured by software. The presence of classical striatal hand deformity (CSHD) was also evaluated, defined as 
MCP flexion, proximal interphalangeal joint extension and distal interphalangeal joint flexion. 
Results: Results: Patients with PD had a mean age of 63.3 ± 12.7 years and 29 (56%) were males. The degree of 
MCP joint flexion (figure A-D) in both hands showed moderate correlation with the MDS-UPDRS-III motor score 
(r=0.518, P<0.001); mainly related to ipsilateral rigidity and ipsilateral bradykinesia scores; and fair correlation with 
the Hoehn-Yahr stage. A CSHD (figure E and F) only correlated with a younger age at onset of PD (P=0.049). 
These hand deformities were not markers of dyskinesia, levodopa-dose or cognitive dysfunction. 
Conclusions: Conclusions: Hand abnormalities are common in patients with PD and consist mainly in mild to 
moderate degree of MCP joint flexion that correlates with the severity of ipsilateral rigidity and bradykinesia. CSHD 
is much less common, the fact that presents in individuals having an earlier onset of PD, and lacks correlation with 
other motor symptoms suggesting that these abnormalities are not necessarily a continuum and may represent two 
different phenomena. 
References: [1] Charcot JM. Lectures on the diseases of the nervous system, lecture V. London: New Sydenham 
Society; 1877. 140–147 p. [2] Gowers WR. A manual of diseases of the nervous system. Philadelphia: P Blakiston, 
Son & Co; 1888. 1003-1004 p. [3] Jankovic J. Dystonia and other deformities in Parkinson's disease. J Neurol Sci 
2005;239:1-3. [4] Baizabal-Carvallo JF, Alonso-Juarez M, Fekete R. The frequency and diagnostic accuracy of hand 
deformities in Parkinson´s disease. J Neural Transm (Vienna) 2018;125: 1813-1817. [5] Spagnolo F, Fichera M, 
Bucello S, Houdayer E, Baroncini D, Sarro L, Leopizzi E, Impellizzeri M, Martinelli V, Leocani L, Comi G, 
Volonté MA. Striatal hand in Parkinson's disease: the re-evaluation of an old clinical sign. J Neurol 2014;261:117-
220. [6] Ashour R, Tintner R, Jankovic J. Striatal deformities of the hand and foot in Parkinson's disease. Lancet 
Neurol 2005;4:423-431. [7] Ashour R, Jankovic J. Joint and skeletal deformities in Parkinson's disease, multiple 
system atrophy, and progressive supranuclear palsy. Mov Disord 2006;21:1856-1863. [8] Gortvai P. Deformities of 
the hands and feet in Parkinsonism and their reversibility by operation. J Neurol Neurosurg Psychiatry 1963;26:33–
36. 
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790 
Longitudinal assessment of genetic determinants of cognitive decline in Parkinson’s disease 
M. Bakeberg, A. Jefferson, M. Byrnes, S. Ghosh, F. Mastaglia, R. Stell, J. Kenna, S. Walters, M. Hoes, A. Ford, R. 
Anderton (Nedlands, Australia) 
Objective: This study aimed to investigate the relationships between genetic variants reportedly associated with 
neurological disease and cognitive decline, in patients with PD over a 5-year period. 
Background: Although typically framed as a motor disorder, a plethora of non-motor symptoms are increasingly 
being recognised as equally debilitating features of PD. While patients with PD experience a greater incidence of 
cognitive decline, studies have indicated that genetic variability may explain susceptibility to cognitive impairment, 
helping to stratify at risk patient groups. However, there have been limited Australian longitudinal studies examining 
genetic variants in determining decline in PD. 
Methods: Patients with PD (n=70) were assessed at baseline and 60-months at the Perron Institute’s Movement 
Disorders Clinic. The cohort DNA samples were genotyped on the NeuroChip array, containing 179,467 variants 
implicated in diverse neurological diseases, and via Sanger sequencing. Computational and statistical analysis was 
carried out using PLINK and SPSS (v.24) software. Cognitive function was assessed using the ACE-R, and the 
SCOPA-Cog, with patients stratified based on performance in these assessments. PERMANOVA was used to test 
the relationship between variants and clinical parameters. Generalized linear models were created, controlling for 
confounding variables, to determine whether genetic variants were associated with cognitive dysfunction. 
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Results: The current study investigated polymorphisms and mutations within genes associated with the onset of PD 
(SNCA, LRRK2, GBA, MAPT), but multivariate model revealed no significant associations with cognitive scores or 
rate of longitudinal decline. Additionally, other subsets of genes were investigated, including variants associated 
with cognitive performance in Alzheimer’s disease. Preliminary results revealed an association between several of 
these variants and either cross-sectional performance in cognitive scales, or the rate of decline over 5 years. 
Conclusions: Being the first 5-year longitudinal study of genetic associations with global and cognitive domain 
decline in an Australian PD cohort, it aids in assessing the genetic and clinical contribution to phenotypic variability. 
Elucidating the interplay between these factors, particularly the genetic architecture, is integral to anticipate 
phenotypic progression, by way of biomarkers, and to individualise treatment. 

791 
“Familial imprint” of Parkinson disease: the siblings’ cohort of PROPAG-AGEING 
L. Baldelli, F. Provini, S. Schade, S. Jesús, P. Gómez-Garre, L. Sambati, S. Schreglmann, G. Calandra Buonaura, 
C. Halsband, M. Carrion, K. Bhatia, P. Mir, P. Cortelli, B. Mollenhauer, C. Trenkwalder, PROPAG-AGEING 
consortium (Bologna, Italy) 
Objective: To verify if non-affected siblings (Sibs) of PD patients share candidate PD biomarkers in comparison 
with de-novo PD patients (PD) and healthy controls (HC). 
Background: PD originates from a complex interplay of genetics and environment [1]. Moreover, PD progressively 
develops over years, during which non-motor symptoms (NMS) can precede the appearance of motor dysfunction 
[2]. Scarce is evidence on how these non-motor markers interweave into the increased “familial” risk of PD siblings 
sharing both a common genetic and environmental background with PD patients. 
Methods: Within the PROPAG-AGEING Phase 2 project, a large multicentric cohort of 340 siblings of PD patients, 
diagnosed according to UKBBC criteria [3], from Bologna, Kassel and Seville, underwent a clinical and 
neurological evaluation including demographics, comorbidities, motor examination (MDS-UPDRS III) and non-
motor symptoms such as RBD (RBDSQ and nocturnal polysomnography), hyposmia (Sniffin’ Sticks Screening - 
SSS), cognitive impairment (MoCA), and symptoms of dysautonomia. The cohort was compared with de-novo PD 
patients and matched healthy controls from the Kassel DeNoPa cohort [4] [Figure 1]. 
Results: Siblings were younger than DeNoPa PD patients (p=0.003) [Table 1]. The mean age difference with their 
siblings with PD was of -1.09 ± 6.46 years. Compared to PD and HC, Sibs showed the lowest prevalence of 
hypertension and dyslipidemia (p<0.001) and the lowest presence of presumed, clinical RBD. PD presented more 
frequently with the non-motor symptoms olfactory and cognitive impairment (p<0.001), compared with HC and 
Sibs. The 109 Sibs abnormal at MoCA scored more similarly to PD than to HC, especially in visuo-executive 
functions. Sibs were significantly more constipated and tended to present more sexual dysfunctions than HC, but 
less than PD. Regarding motor score, Sibs presented an MDS-UPDRS part III score 3-fold higher than HC 
(p<0.001). Exploring predictive markers for mild motor signs in Sibs (MDS-UPDRS III≥6 without action/postural 
tremor), the combination of MDS-UPDRS I, MoCA visuo-executive and SSS score reached an AUC of 0.809 (95% 
confidence interval 0.736-0.882) [Figure 2]. 
Conclusions: Our multinational study represents the largest described cohort of PD siblings. Sibs showed several 
non-motor symptoms discretely predicting underlying mild motor signs. These preliminary results have to be 
confirmed by further analyses. 
References: 1. Kalia LV, Lang AE. Parkinson's disease. Lancet 2015;386(9996):896-912. 2. Berg D, Postuma RB, 
Adler CH, et al. MDS research criteria for prodromal Parkinson's disease. Mov Disord 2015;30(12):1600-1611. 3. 
Hughes AJ, Daniel SE, Blankson S, Lees AJ. A clinicopathologic study of 100 cases of Parkinson's disease. Arch 
Neurol 1993;50(2):140-148. 4. Mollenhauer B, Trautmann E, Sixel-Doring F, et al. Nonmotor and diagnostic 
findings in subjects with de novo Parkinson disease of the DeNoPa cohort. Neurology 2013;81(14):1226-1234. 
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792 
Longstanding cervical dystonia followed by parkinsonism – coincidence, risk factor or syndromic 
association? 
B. Balint, F. Gövert, A. Latorre, E. Mulroy, R. Erro, A. Batla, T. Warner, K. Bhatia (London, United Kingdom) 
Objective: To describe the occurence of parkinsonism after longstanding dystonia in a cohort of patients followed 
for long periods in our botulinum toxin injection clinic. 
Background: Dystonia occurring in the context of parkinsonism is well-known, e.g. as foot dystonia in young-onset 
Parkinson’s disease (PD), anterocollis in multisystem atrophy (MSA) or blepharospasm in progressive supranuclear 
palsy.  We have, however, encountered a series of patients whose phenotype differed from the above described 
entities. 
Methods: We describe a cohort of patients in whom typical isolated cervical or craniocervical dystonia preceded the 
development of parkinsonism, sometimes by decades. 
Results: In a cohort of 450 patients followed in our botulinum toxin injections clinic for treatment of isolated 
dystonia, we identified 11 (7 women) who developed parkinsonism at a median of 14 years after the onset of 
dystonia. Median age at onset of parkinsonism was 70 years (range 59-87), manifesting with a new tremor or a 
change of tremor pattern, complaints of ‘slowing down’ or new walking difficulties. Parkinsonism resembled PD in 
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5 cases (one pathologically confirmed); the remainder had atypical parkinsonism of MSA (n=3) or indeterminate 
phenotype (n=3). 
Conclusions: The relatively frequent occurrence of parkinsonism after longstanding dystonia would suggest a link 
between the two, in line with supporting evidence from other clinical reports, imaging studies, animal models and 
genetics. Longstanding dystonia could be part of the parkinsonian syndrome, or it may be a risk factor for 
parkinsonism. In practice, it is important to be alert to new symptoms in patients with longstanding dystonia. From a 
research point of view, longitudinal case-control studies would be required to further investigate the link between 
longstanding dystonia and subsequent parkinsonism. 

793 
Neuroprotective effect of Yerba mate (Ilex paraguariensis) in a Drosophila model of Parkinson ’s disease 
P. Ballestero, A. Bernardi, H. Hauche Pedernera, O. Gershanik, N. Muraro, J. Ferrario (Capital Federal, 
Argentina) 
Objective: To test the neuroprotective capacity of Yerba Mate (YM) in an in vivo model of Parkinson's disease. 
Background: Parkinson's disease (PD) is caused by the progressive degeneration of dopaminergic neurons (nDA) 
from the Substantia Nigra pars compacta which are particularly susceptible to degenerate by causes still unknown. 
Stimulants, like nicotine and caffeine have been pointed as neuroprotective agents for dopaminergic neurons and 
their consumption is inversely associated with the development of PD. Similar results have been shown with the 
intake of YM in the Argentinean population (Gatto et al 2015) and its neuroprotective role in dopaminergic neurons 
in vitro (Bernardi et al 2019). YM is a popular beverage in some South American countries and it has been reported 
to have stimulant effect over the central nervous system. Given these previous results, we hypothesized that the YM 
extract could also protect nDA in vivo from the degeneration caused by the expression of alpha synuclein (a-Syn) in 
a Drosophila melanogaster model of PD, and improve the related locomotor deficit. 
Methods: We used wild type and transgenic fly lines that express both, wild-type (WT) and mutated (A30P and 
A53T) human a-Syn. We tested different doses of an extract of YM in the food of flies. At the same time, we 
verified and quantified by spectrophotometry the consumption of YM. Then we tested the survival and locomotor 
activity of the flies that express a-Syn in its either WT or mutants form in a YM consumption paradigm. 
Results: We found a maximum dose of YM extract (3,55 mg/ml of food) that is not lethal for a wild type line of 
flies (Canton-S). Transgenic flies that express a-Syn WT and the mutant-form a-Syn A30P at the pan-neuronal level 
have a significantly lower activity index respect to the control at 30 days of age in the locomotor assay. Our results 
show that treatment with YM extract improves the locomotor activity of these flies. 
Conclusions: We set up the dose of YM to use in the food that is not lethal for a wild type line of flies (Canton-S). 
Also we verified and quantified the consumption of YM by the flies. We found that although YM does not affect the 
survival of both WT and transgenic flies, it improves their performance in the locomotor assays. 
References: Gatto EM, Melcon C, Parisi VL, Bartoloni L, Gonzalez CD. Inverse association between yerba mate 
consumption and idiopathic Parkinson's disease. A case-control study. J Neurol Sci. 2015 Sep 15;356(1-2):163-7. 
Bernardi MA, Pedro Ballestero, Marcela Schenk, Mariana Ferrario, Gimena Gómez, Roy Rivero, Elena Avale, Irene 
Taravini, Oscar Gershanik, Sandra Guerrero, Juan Ferrario. Yerba mate (Ilex paraguariensis) favors survival and 
growth of dopaminergic neurons in culture. Movement Disorders "in press". 

794 
The prevalence of ICBs in patients treated with apomorphine infusion: a retrospective analysis 
P. Barbosa, A. Lees, A. Djamshidian, T. Warner (London, United Kingdom) 
Objective: To assess the prevalence of impulsive compulsive behaviours (ICBs) in Parkinson’s disease who 
donated their brains and used apomorphine infusion in life. 
Background: Impulsive compulsive behaviours (ICBs) are potentially severe complications from dopaminergic 
treatment that can arise in patients with Parkinson’s disease. It has been postulated that constant dopaminergic 
stimulation is associated with lower risk of ICBs. To investigate this, we have studied a group of PD patients from 
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the Queen Square Brain Bank that received apomorphine via continuous infusion in life to assess the prevalence and 
outcome of ICBs. 
Methods: We conducted a search on the QSBB database for cases donated between 2005 to 2016 with a 
pathological diagnosis of idiopathic Parkinson’s disease. We reviewed the notes of all donors who used 
apomorphine via continuous infusion for at least 3 months. Clinical and demographic data were collected, as well as 
detailed information on treatment, and prevalence and outcomes of ICBs. Data was analysed using SPSS22. 
Results: We have identified 193 PD cases, 124 males and 69 females, with an average age at disease onset of 60.2 
years and average disease duration of 17.2 years. The prevalence of ICBs was 14.5%. Twenty-four individuals used 
apomorphine infusion for more than 3 months. The patients on apomorphine had younger age at disease onset, 
longer disease duration and higher prevalence of dyskinesias. The prevalence of de novo ICB cases on the APO+ 
group was 8.3%, among these all but one patient had been exposed to oral dopamine agonists and all to levodopa. 
Apomorphine infusion was used for an average of 63.1 months on an average maximum dose of 79.5 mg per day. 
Ten patients remained on apomorphine until death. Dementia occurred in nearly half of the entire cohort, depression 
in one quarter and dyskinesias in a little over 40%. 
Conclusions: Apomorphine appears to be a safe treatment option for patients with previous ICBs but is associated 
with de novo ICBs in approximately 8% of patients who had been previously exposed to oral DA and/or levodopa. 

795 
Case Report: Co-occurrence of Motor Neuron Disease and Parkinsonism 
B. Barton (Chicago, IL, USA) 
Objective: Explore possible links between degenerative parkinsonism and motor neuron disease. 
Methods: Case Report and Literature Review 
Background: A 50 year-old man developed with the cardinal features of parkinsonism.  History was significant for 
transient isolated psychosis. Levodopa treatment started 4 years later significantly helped his motor features and 
confirmed a suspected diagnosis of Parkinson’s disease (PD).  After 6 years of symptoms he had developed motor 
fluctuations, wearing off phenomena, and dyskinesia.   He complained of more rapid progression of motor 
symptoms, but this was interpreted as advancing Parkinson’s disease.   After admission for respiratory difficulty, he 
was found to have diffuse fasciculations and weakness, and EMG confirmed findings supportive of amyotrophic 
lateral sclerosis (ALS), which were more disabling than the initial PD symptoms and led to rapid death without the 
ability for further genetic testing. 
Results: Simultaneous observation of motor neuron signs and levodopa-responsive parkinsonism is rare and likely 
underreported.  “Brait-Fahn-Schwarz disease” was an early name for this syndrome and less than 100 cases are 
reported in the literature, with heterogeneous causes.   In isolated populations, both genetic or environmental risks 
may cause a multisystemic neurodegenerative syndrome, which was not the case with this patient.   Some genetic 
risks factors have been described in similar cases including SOD1, VCP, C9orf72, DJ-1.    
Conclusions: Symptoms of developing ALS can be difficult to distinguish in advancing PD, particularly when one 
disease starts during the course of the other. Common causes leading to both disorders are becoming more 
understood, but overlapping causes of neurodegeneration may be possible. 

796 
Cholecalciferol (VD3) attenuated motor deficits and dyskinesia in Hemi-Parkinsonian mice: behavioural, 
biochemical & electrophysiological implications 
A. Bayo-Olugbami, A. Oyewole, A. Nafiu, A. Amin, B. Ogundele, B. Owoyele, C. Lee (Ilorin, Nigeria) 
Objective: The study investigated the impacts of VD3 on behavioural indices, dopamine metabolism, DA transport, 
BDNF, corticostriatal neural activities and the possible mechanism of action of VD3 in PD and dyskinetic mice 
Background: L-DOPA is the gold standard for the management of PD. Although it provides symptomatic motor 
relief, this often wears off overtime. Also, L-DOPA therapy is unable to slow down the disease progression, and 
debilitating motor defect such as dyskinesia often develops after its prolonged use. Vitamin-D Receptors are highly 
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abundant in the nigrostriatal tract, an area primarily affected in PD, suggesting an intricate role of Vitamin D in 
brain development and function in health and diseases especially neurodegenerative disorders 
Methods: C57BL6 mice were induced with PD by stereotaxic injection of 6-OHDA into the striatum. Mice were 
divided into 5 groups: Control, PD, PD/VD3 (30mg/kg for 21days), PD/L-DOPA (10mg/kg), & PD/VD3+L-DOPA. 
After treatments, motor behavioural indices were conducted. Dyskinesia was induced by chronic administration of 
20mg/kg L-DOPA on PD mice for 10days. Mice were divided into 4 groups: Control, dyskinesia, dyskinesia/VD3 
(30mg/kg), dyskinesia/Amantadine (40mg/kg). Response of mice to L-DOPA-induced abnormal involuntary 
movements following interventions with VD3 or Amantadine was recorded. in-vivo neural recording was taken 
from corticostriatal axis of the brain. Then, the striatum was processed for quantitative expression of DA metabolic 
enzymes, DA transporter, Brain-derived neurotrophic factor, BAX, CD11β, IL-1β, p47phox using western 
immunoblotting 
Results: VD3 attenuated motor deficits PD and AIMs in dyskinetic mice. It improved dopaminergic 
neurotransmission by modulating the activities of DA metabolic enzymes, transporter and BDNF in PD but had no 
effect on metabolic enzymes in dyskinesia. VD3 improved subthreshold neural activities in PD and dampened 
excessive neuronal activity in dyskinetic mice. VD3 exerted neuroprotective effect by downregulating microglia 
activation, oxidative stress & neuro-inflammation in both conditions 
Conclusions: Cholecalciferol has both anti-parkinsonian and anti-dyskinetic effects. Its neuroprotective effects 
suggest that, apart from slowing down the progression of PD, it may also reduce L-DOPA dosage thereby reducing 
the short comings of L-DOPA therapy in the management of PD 

797 
Daytime Sleepiness Effects on Motor Symptoms in De Novo Parkinson’s Disease 
E. Bayram, R. Yilmaz, K. Longardner, M. Akbostanci, I. Litvan (La Jolla, CA, USA) 
Objective: To investigate whether daytime sleepiness in newly diagnosed Parkinson’s disease (PD) patients predicts 
future dependency. 
Background: Excessive daytime sleepiness (EDS) is one of the common early non-motor symptoms of PD 
affecting 33.9% of patients (1). Although EDS does not seem to be associated with motor impairment in de novo PD 
(2), longitudinal studies revealed associations between EDS and postural instability-gait disorder (PIGD) motor 
phenotype (3). As the PIGD phenotype is a predictor of more rapid disability development in PD (4), daytime 
sleepiness may be related to future functional dependency. 
Methods: Data of 158 de novo PD patients with baseline and year six evaluations was obtained from Parkinson 
Progression Markers Initiative (PPMI). Functional dependency was determined by a score below 80 on Modified 
Schwab and England Activities of Daily Living Scale (ADL); as 80 is the last score for complete independency. 
Baseline demographics, disease characteristics, and daytime sleepiness scores (assessed by Epworth Sleepiness 
Scale, ESS) were compared between patients who were dependent or independent at 6th year. Association between 
baseline ESS scores and dependency at year six was evaluated with logistic regression. Other covariates included in 
the  model were; mood and autonomic dysfunction due to their associations with daytime sleepiness in de novo PD 
(2); age, cognition (assessed by Montreal Cognitive Assessment, MoCA), motor severity and phenotype due to 
previous association between PIGD and disability in PD (5). 
Results: Out of 158 functionally independent PD patients at baseline, 17.1 % were dependent at the 6th year. 
Baseline differences between groups are summarized in Table 1. Patients who became dependent at year six were 
older at baseline when newly diagnosed with PD, and had higher scores on sleepiness and autonomic symptoms 
scales. Older age and higher ESS score at baseline were associated with dependency at 6th year (Table 2). None of 
the other factors were significant. 
Conclusions: Higher baseline daytime sleepiness scores in de novo PD predicts with dependency at 6th year. 
Daytime sleepiness is an important symptom to not be overlooked, and determining its pathophysiology may be 
helpful to delay future dependency. 
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798 
Characteristics and outcome of patients with Parkinson’s disease admitted to intensive care unit 
O. BenHadj Salem, S. Demeret, A. Demoule, F. Bolgert, H. Outin, T. Sharshar, D. Grabli (Paris, France) 
Objective: To study the characteristics and the outcome of patients with Parkinson's disease admitted to intensive 
care unit. 
Background: Whereas Parkinson’s disease is associated with an increased risk of severe septic complications that 
can lead to intensive care unit (ICU) admissions, relevant data regarding the characteristics of PD patients admitted 
in ICU together with their vital and functional prognosis are lacking. 
Methods: We performed a retrospective study in a single tertiary referral center (Paris, France) that includes both a 
Parkinson's disease clinics and several ICU. Cases were identified through a search in our institutional database 
(PMSI). Overall, 101 patients  with a diagnosis of PD admitted to one of the ICU between 1999 and 2014  were 
identified. We excluded 49 patients because of incorrect diagnosis (n = 20), missing files (n = 13) or incomplete data 
(n = 6). Finally, 62 patients were analyzed. Charts were retrospectively reviewed and the following data were 
collected: demographics, PD duration and severity (including motor and non-motor signs), PD treatments before 
admission to ICU, reason of admission to ICU ICU stay characteristics (duration, need for vasopressin drugs or 
respiratory support). Outcome was assessed with survival and functional evaluation up to 18 months after discharge 
Results: On admission, patients  profiles in term of age, duration and severity of PD were heterogenous. The 
admission reason was sepsis for 59% of patients (n=61) and 85% had at least one sepsis during the ICU stay (n=60). 
Mortality rate was 12.5% (n = 55) after the ICU stay and tended to increase over the 18 months of follow-up. A 
Hoehn and Yahr (HY) score greater than 3 was associated with an extra mortality at one month (M1) (OR=13,22 ; 
IC 95% [1,4-124,9]). The HY  score significantly increased from baseline to one month after ICU discharge (2.95 vs 
3.0, p = 0.031) and did not improve until at 9 months and 18 months follow-up. The proportion of subjects with 
cognitive disorders increased to reach over 30% at 18 months follow-up. Only 38% of patients had returned home at 
this time point. 
Conclusions: ICU admission, mostly for a sepsis, marks a turning point in the course of Parkinson's disease. Larger 
prospective studies are required to assess more accurately the impact of ICU stay on Parkinson disease evolution. 

799 
Medical management after subthalamic nucleus deep brain stimulation in patients with Parkinson’s Disease 
A. Bertholo, R. Cury (São Paulo, Brazil) 
Objective: The present study aims to: i) systematically evaluate literature data on acute medical management after 
subthalamic nucleus (STN) deep brain stimulation (DBS)  and, ii) propose a clinical algorithm focused on the 
patient's phenotypic profile. 
Background: STN-DBS is an established and effective form of treatment that improves motor fluctuations, 
dyskinesia and quality of life in patients with Parkinson’s Disease (PD). The keys points for the success of the 
procedure are the medical management and the programming strategies following DBS, in both the early and the 
long-term follow-up. Overall, the levodopa equivalent daily dose (LEDD) is reduced by 30 to 50% one year after 
surgery among the trials, but it is not well established how this reduction should be performed, with little scientific 
evidence to aid the medical management of these patients. 
Methods: A systematic evaluation of literature data on acute medical management after STN DBS was performed. 
Results: The major modifications in medication dosage occurred during the initial postoperative period. Initially, 
the aim is to withdraw sequentially anticholinergic medications, followed by COMT inhibitors, amantadine and 
MAO inhibitor. In patients taking high doses of dopaminergic agonists, its initial reduction is recommended in order 
to avoid the hyperdopaminergic syndrome, particularly hypomania. On the other hand, a rapid withdrawal of 
dopaminergic agonists can lead to dopaminergic agonist withdrawal syndrome, characterized by apathy, pain and 
autonomic features. Finally, in a subset of patients with severe dyskinesia before the surgery, an initial reduction in 
levodopa seems to be a more reasonable approach. 
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Conclusions: A slow, progressive increase of STN DBS allows a decrease in dopaminergic drug dose, resulting in 
improvement of dyskinesia and of impulse control disorders. Changes in dopaminergic drug treatment, whether 
increases or decreases, should always be made progressively to avoid overstimulation and withdrawal syndromes. 
Pharmacological management after DBS should be individualized according to the patients clinical characteristics 
and baseline medications. Hyperdopaminergic and hypodopaminergic syndromes together with severe dyskinesia 
are the most challenges issues, and further studies are needed to better customize the medical management following 
STN DBS. 
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800 
Assessment of neuronal morphology to determine the differential susceptibility to Parkinson’s disease using 
MPTP in two genetically distinct mice strains 
B. Bhaduri, I. Datta, R. Yadav, P. Alladi (Bangalore, India) 
Objective: To delineate the contribution of neuronal-dendritic structure in the substantia nigra and striatum, in 
conferring differential susceptibility to Parkinson’s disease, using two genetically distinct mice strains. 
Background: Loss of dopaminergic (DA) neurons in the substantia nigra pars compacta (SNpc) that results in 
reduction in striatal DA leads to Parkinson’s disease (PD). Epidemiological studies report that PD prevalence is 
higher among Caucasians than Asian-Indians. Due to lack of availability of human tissues for comparisons, we 
conducted detailed investigations on mice using MPTP. Our studies report that very similar to the humans; the 
C57BL/6J mice with lesser number of neurons and astroglia were more susceptible to MPTP, while the CD-1 mice 
with more DA neurons and reduced DA neuron death, were resistant. Neuronal morphology is another important 
parameter in pathogenesis. Structural alterations lead to differences in their functional attributes, as size and surface 
area determine their recruitment priority for executing different motor and cognitive tasks that are impaired in PD. 
Golgi staining is the best available technique to study alterations in dendritic arborisation, as histomorphological 
evidence. 
Methods: The mice striatal and nigral segments of C57BL/6J and CD-1 mice (n=12) were subjected to Golgi-Cox 
staining protocol followed by Neurolucida based tracing as well as Sholl’s analysis. We focussed on the alterations 
in dendritic processes of striatal medium spiny neurons (MSNs) and DA neurons following MPTP challenge. 
Results: The dendritic processes of striatal MSNs and DA neurons were smaller in the control CD-1 than 
C57BL/6J, which further reduced after MPTP treatment in both regions. The branching, as seen by the number of 
intersections and nodes, was also lesser in CD-1 than C57BL/6J; which decreased in response to MPTP in both the 
regions. Unlike CD-1, C57BL/6J showed no alterations following MPTP. 
Conclusions: Our results raise the likelihood that the surviving neurons of C57BL/6J continue to have larger 
arborisation and hence cell death may persist, which is known to stabilize by 7 days post-MPTP. The CD-1 neurons 
shrink in size. In view of reduced DA neuron death in CD-1, this is likely to be a degenerative signature or a 
survival mechanism. Similar structural dynamism may likely exist in the resistant human ethnic populations. 
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802 
Abnormal Intracortical Facilitation in patients of Parkinson’s disease with REM Sleep Behavior Disorder 
A.B. Bhattacharya, N.K. Kamble, R.Y. Yadav, P. Pal (Bengaluru, India) 
Objective: To evaluate the motor cortical excitability changes in PD patients with and without RBD. 
Background: There has been an increase in the understanding of the pathophysiology of REM sleep behavior 
disorder (RBD) in patients with Parkinson’s disease (PD) due to recent advances in the neurophysiological 
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techniques. Studies of the motor cortical excitability and central motor pathways have shown variable results in 
these patients. Therefore, our aim was to evaluate the motor cortical excitability changes in PD patients with and 
without RBD. 
Methods: The study included 16 PD with RBD (RBD+) and 16 PD without RBD (RBD-) patients. The study was 
conducted in the department of Neurology, NIMHANS, Bangalore. Detailed history, demographic details and 
clinical examination was recorded. RBD was evaluated using the RBD sleep questionnaire. All subjects underwent 
transcranial magnetic stimulation (TMS) with recording of resting motor threshold (RMT), central motor conduction 
time (CMCT), silent period (SP), short interval intracortical inhibition (SICI) and intracortical facilitation (ICF). 
Results: The mean age of the RBD+ patients was 59.0±10.5 years and that of RBD- was 59.0±11.6 years. There 
was no significant difference in RMT (36.75±8.09%, 38.25±8.04%; p=0.31), CMCT (7.86±2.38msec, 
7.28±1.55msec; p=0.22), contralateral SP (118.7±38.74msec, 125.28±44.91msec; p=0.34) and ipsilateral SP 
(44.6±11.8msec, 38.96±11.65msec, p=0.1) between the two groups.  SICI was present in both the groups 
(0.19±0.009, 0.46±0.46; p=0.02) with significant inhibition observed in RBD+ patients. The ICF was not observed 
in RBD+ patients (0.21±0.11, 1.12±1.0; p<0.001). 
Conclusions: TMS is a valuable method of evaluating the cortical excitability changes in RBD+ patients. These 
patients have absence of ICF and more of intracortical inhibition. This may suggest an imbalance between the 
GABAergic and glutaminergic pathways in the brain. 

803 
Frequency of impulse control disorder in Parkinson's disease: insights from the Luxembourg cohort 
S. Binck, C. Pauly, P. Kolber, L. Pavelka, L. Stute, D. Reiter, M. Vaillant, M. Gantenbein, E. Glaab, J. Ferrand, L. 
Geffers, G. Hipp, R. Krueger, N.J. Diederich (Belvaux, Luxembourg) 
Objective: To establish the frequency of impulse control disorder (ICD) in idiopathic Parkinson’s disease (IPD) and 
analyze contributing factors. 
Background: To establish the frequency of impulse control disorder (ICD) in idiopathic Parkinson’s disease (IPD) 
and analyze contributing factors. 
Methods: Within the Luxembourg cohort (Hipp et al., 2018), IPD patients were annually evaluated for the presence 
of ICD (score ≥ 1 on item 1.6 of the MDS-UPDRS I rating scale) and medication use and compared to age-matched 
healthy controls (HC). Calculations were done with the Mann-Whitney U Test. 
Results: 1106 subjects were eligible for the study: 512 IPD patients with 1 to 3 visits (V1-V3) and 594 HC with 1 
baseline visit. 50 IPD (9.7%) patients scored positive for ICD in contrast to 34 HC (5.7%) (p=0.01). Among 236 
IPD patients without dopamine agonist (DA) use, only 13 (5.5%) scored positive for ICD, in contrast to 37 (13.1%) 
among 276 patients with use of DA (p=0.004). Male sex or concomitant use of amantadine did not influence the 
presence of ICD. Frequency of ICD increased from V1 to V3 (p = 0.005). 
Conclusions: In this observational study, without recruitment bias of a tertiary care center and thus more 
representative for the general PD population, IPD patients without use of DA agonists show a frequency of ICD 
comparable to HC. Thus ICD risk is not disease-inherent, however frequency significantly increased with the use of 
DA. There is no protective effect of amantadine and no sex preference. Our study confirms and extends previous 
reports on ICD in IPD (Cormier-Dequaire et al., 2018). IPD patients should be informed about ICD risk before 
initiating DA treatment. 

804 
Safety and effectiveness of levodopa-carbidopa intestinal gel for advanced Parkinson's disease: a large single-
center study 
A.-S. Blaise, G. Baille, N. Carrière, D. Devos, K. Dujardin, G. Grolez, A. Kreisler, M. Kyheng, C. Moreau, E. 
Mutez, D. Seguy, L. Defebvre (Lille, France) 
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Objective: To describe adverse events (AEs) associated with levodopa-carbidopa intestinal gel (LCIG) treatment 
and the main reasons for treatment discontinuation. We also assessed the effectiveness of and satisfaction with 
LCIG. 
Background: Treatment with LCIG can effectively relieve motor and non-motor symptoms in advanced 
Parkinson’s disease (PD). However, AEs are frequent. 
Methods: We retrospectively analyzed data on AEs in patients treated with LCIG at a French university medical 
center over a 13 year-period. For patients still receiving treatment at last follow-up, effectiveness was assessed 
according to the Clinical Global Impression (CGI) scale. 
Results: Of the 63 patients (mean duration of the disease: 15.3 years) treated with LCIG for a mean (range) of 19 
months (8‒47), 57 (90%) experienced at least one AE (340 AEs in total). Most of the AEs (in 69.8% of the patients) 
were related to percutaneous endoscopic gastrostomy with a jejunal tube (PEG-J) or affected the gastrointestinal 
tract (granuloma, leakage, or a local infection). Device-related AEs (such as PEG-J removal and device occlusion) 
were frequent (in 63.5% of patients). Forty-three patients (68%) required at least one additional endoscopic 
procedure, PEG-J replacement in 29 patients (46%) and jejunal tube replacement in 24 (38%). Dopatherapy-related 
AEs occurred in 30 patients (48%), such as hallucinations and orthostatic hypotension. Chronic polyneuropathy was 
diagnosed in 10 patients (15.9%). Most of the AEs occurred long after treatment initiations, and only a small 
proportion led to discontinuation. 32 patients were assessed at last follow-up. On the CGI scale, 27 patients (84.4%) 
considered that their condition had improved during LCIG treatment. 
Conclusions: Despite the high frequency of AEs and the evolution of the disease, patients with advanced PD gain 
clinical benefit from treatment with LCIG. Most of the AEs are mild or moderate, and easily managed. For optimal 
results, access to a multidisciplinary team with experience in the use of the PEG-J is essential. 

805 
Analysis of cortical oscillatory activities may identify a subgroup of Parkinson’s disease patients with 
suboptimal responses to deep brain stimulation of the subthalamic nucleus 
M. Bočková, M. Lamoš, P. Klimeš, P. Jurák, J. Halámek, S. Goldemundová, M. Baláž, I. Rektor (Brno, Czech 
Republic) 
Objective: We studied brain oscillations related to DBS in a cognitive and motor task. We hypothesized that the 
impact of DBS on oscillations related to cognitive and motor functions might help to identify patients with 
suboptimal responses to STN-DBS. 
Background: Adverse neuropsychiatric effects and variable degrees of motor response can complicate deep brain 
stimulation of the subthalamic nucleus (STN-DBS) in Parkinson’s disease (PD). 
Methods: High-density EEG was recorded in PD subjects (n= 18) in stimulation “off” and “on” conditions during 
the performance of a visual three-stimulus paradigm with non-target, target, and distractor stimuli. Pre-processed 
scalp data were reconstructed into the source space and the time-frequency analysis was evaluated and correlated to 
the behavioral parameters. 
Results: Alpha and beta event-related desynchronization (ERD) was observed as the main activation correlate 
during target processing. The ERD time-frequency area was larger in the majority of subjects in the “on” condition, 
and it was related to faster or unchanged reaction times during the “on” stimulation state. We identified a subgroup 
of five patients with longer reaction times and smaller ERD areas in the “on” state, mainly in the alpha frequency 
range. These subjects had lower motor responsiveness to DBS and worse memory test results than the other subjects. 
Conclusions: We identified a minority of patients with suboptimal responses to DBS. Source space analysis of 
scalp-recorded cerebral oscillatory activities should be studied prospectively as a potential biomarker identifying 
patients with less favorable responses to STN-DBS. 
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806 
The Dutch Parkinson and Microbiome Study (DUPARM): Gut Microbiome Composition of Treatment-Naïve 
De Novo Parkinson's Disease Patients 
J. Boertien, S. Vander Zee, T. Van Laar (Groningen, Netherlands) 
Objective: To establish the gut microbiome composition of de novo Parkinson’s disease (PD) patients with no 
history of dopaminergic medication use. 
Background: PD is often preceded by a prodromal phase that is characterized by non-motor symptomatology. 
Constipation in particular, is an early manifestation of the disease, occurring up to twenty years before diagnosis. 
Recently, eleven independent studies indicated that the gut microbiome composition of PD patients is significantly 
different from healthy age- and sex-matched controls. However, all previous reports on PD subjects included already 
drug-treated patients, making it impossible to correct for the possible confounding influences of dopaminergic 
medication. Here, we present data on the gut microbiome composition of 100 treatment-naïve de novo PD subjects, 
compared to age- and sex-matched controls. 
Methods: 100 treatment-naïve de novo PD subjects, with a confirmed presynaptic dopaminergic deficit on the 
FDOPA-PET scan, were recruited via the Parkinson Platform Northern Netherlands (PPNN) collaborative network 
of PD treating neurologists. Exclusion criteria were systemic and gastrointestinal confounders known to influence 
gut microbiome composition. Both motor and non-motor symptomatology, as well as dietary habits were assessed 
using the Unified Parkinson Disease Rating Scale (UPDRS), the Non Motor Symptoms Questionnaire (NMSQ), a 
stool diary and a dietary diary. 
Stool samples were immediately frozen after collection at home, transported on dry ice and stored at -80°C. After 
DNA-extraction, metagenomic shotgun sequencing was performed for taxonomic classification of gut microbiome 
composition. 
Results: Baseline characteristics of the study and control cohort, as well as alpha- and beta diversity indices of the 
gut microbiome composition of the PD subjects compared to age- and sex-matched controls will be presented. 
Conclusions: DUPARM is the first study to provide gut microbiome composition data of PD patients without the 
possible confounding influence of dopaminergic medication. 

807 
Therapeutic management of complicated Parkinson’s disease: clinical application of the Motor Fluctuation 
Indices 
R. BONOMO, G. MOSTILE, A. NICOLETTI, M. ZAPPIA (CATANIA, Italy) 
Objective: To evaluate the usefulness of the Motor Fluctuation Indices to assess clinically relevant change in motor 
fluctuations in advanced Parkinson’s disease (PD) patients after therapeutic interventions on the 12-hour Waking-
day Motor Assessment (WDMA). 
Background: With the advancing of PD, factors concerning the central and peripheral pharmacokinetics and 
pharmacodynamics of levodopa lead to a pulsatile stimulation of dopamine receptors eventually resulting in motor 
fluctuations. Clinical management of subjects with complicated Parkinson’s disease then requires specific 
therapeutic interventions that cannot adequately be supplied by short-cut methods of investigation. Nevertheless, the 
12h-monitoring through the WDMA has showed to be a useful and reliable tool for leading physicians’ clinical 
conduct according to the individual motor status with the possibility to achieve a “precision Medicine” for each PD 
case. 
Methods: Twenty-eight (N=28) patients with complicated PD were selected. All patients underwent a WDMA 
before and after modulation of dopaminergic therapy. Motor assessment was performed by using the Unified 
Parkinson’s Disease Rating Scale (UPDRS). To quantify the difference in severity of daily motor fluctuations 
between the first and the second evaluation, the Worsening Index (WI), the Mean Fluctuation Index (MFI) and the 
Coefficient of Variation (CV) were computed. 
Results: At the time of the second assessment, patients presented a slight reduction in the number of levodopa daily 
intakes with a concomitant increase of the mean dose amount per time-interval. Mean levodopa daily dosage and 
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cumulative LED did not vary significantly. After optimizing the dopaminergic therapy, we observed an 
improvement in daily motor performance in the second assessment as indicated by the reduction of all three indices 
score. 
Conclusions: The application of the Motor Fluctuation Indices to clinical practice might help physicians to evaluate 
and quantify the entity of motor fluctuations after therapeutic interventions in PD patients. 
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809 
A flowchart algorithm for the neurologist to discuss and attend sexual issues in Parkinson’s disease 
G. Bronner, S. Hassin-Baer, A.D. Korczyn, T. Gurevich (Ramat-Gan, Israel) 
Objective: To propose guidelines for neurologists to discuss sexual issues and offer education and practical 
solutions. 
Background: Sexual dysfunction (SD) is a common nonmotor symptom in Parkinson's disease (PD) but despite its 
negative impact on quality of life it is usually ignored in the patient-physician encounter.  Many sexual problems 
may be attended by the neurologist as they are associated with disease-related issues such as motor problems or 
medication side effects. Thus, it is necessary that neurologists be equipped with user-friendly diagnostic tools and a 
treatment algorithm. 
Methods: Based on considerable clinical experience (over 20 years) obtained from two large multidisciplinary 
movement disorders centers, we propose practical guidelines to assist physicians in managing SD in PD. 
Results: A flowchart algorithm will be proposed to the neurologist suggesting 3 stages: 
1. Initial screening and interview for SD in PD with patient and spouse. 
2. Classification of SD according to weather it relates to motor symptoms (e.g. tremor, hypokinesia, bradykinesia, 
dyskinesia, drooling etc.), non-motor symptoms (neuropsychiatric -depression, apathy, attention deficit, loss of 
libido, dementia and genitourinary- urinary incontinence and erectile dysfunction or pain etc.), effect of medications 
(e.g. delayed orgasm due to antidepressant, impulse control disorders etc.), and partners' relationships and burden 
(e.g. burn-out, rejection, SD of spouse etc.). 
3. Interventional options according to a structured algorithm 
Conclusions: The proposed guidelines will hopefully promote doctor-patient communication regarding SD in PD 
and enable addressing and improving an important aspect of human QoL and relationship. 

810 
Constipation with selected prodromal features increases risk of subsequent Parkinson’s disease 
E. Brown, S. Goldman, K. Albers, S. VanDen Eeden, C. Tanner (San Francisco, CA, USA) 
Objective: To use the electronic medical record (EMR) to understand the independent and joint effects of 
constipation and other prodromal features on the risk of developing Parkinson’s Disease (PD). 
Background: Detection of persons at high risk of PD may facilitate intervention prior to significant 
neurodegeneration, and would prove useful for clinical trial recruitment and implementation. Constipation is a 
particularly consistent prodromal feature, associated with subsequent diagnosis of PD when assessed in-person or 
detected through the EMR [1, 2]. However, constipation is common and has low specificity for PD. Incorporation of 
additional prodromal features may improve predictive accuracy [3, 4]. We therefore examined joint associations of 
constipation and other EMR diagnoses consistent with prodromal PD. 
Methods: Using the Kaiser Permanente Northern California (KPNC) EMR, we identified patients diagnosed with 
PD by a neurologist between 2004 and 2010. Cases were reviewed and classified by a movement disorder specialist 
(CMT).  Controls were matched 5:1 by age, sex, and duration of KPNC membership. Diagnoses of constipation and 
other prodromal features were determined from ICD9 codes in the EMR prior to PD diagnosis (see Table 1). We 
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used logistic regression to calculate odds ratios (ORs) adjusted for matching factors and smoking. We also 
conducted lagged analyses that only included prodromal diagnoses occurring 5 years or more before PD diagnosis. 
Results: A total of 2717 cases and 13585 matched controls were identified. Demographic features were as expected 
from a PD cohort, with 59.3 % male and mean age at diagnosis of 73.6 (SD 9.9) years old. The risk (odds ratio, OR) 
of PD after a diagnosis of constipation was 2.79 (95% CI 2.47 – 3.15). The risk of developing PD increased when 
constipation was combined with certain diagnoses of other prodromal features, including REM Sleep Behavior 
Disorder (RBD) / other sleep disorder or melanoma (Table 2). 
Conclusions: As expected, a diagnosis of constipation was associated with increased risk of subsequent PD. Risk 
was markedly increased in combination with a diagnosis of sleep disorder or melanoma. Combinations of select 
EMR diagnoses may help to identify prodromal PD with greater accuracy than any individual feature, but 
relationships are complex. 
References: 1. Abbott RD, Petrovitch H, White LR, Masaki KH, Tanner CM, Curb JD, Grandinetti A, Blanchette 
PL, Popper JS, Ross GW: Frequency of bowel movements and the future risk of Parkinson’s disease. Neurology 
2001(57):456–462. 2. Savica R, Carlin JM, Grossardt BR, Bower JH, Ahlskog JE, Maraganore DM, Bharucha AE, 
Rocca WA: Medical records documentation of constipation preceding Parkinson disease: A case-control study. 
Neurology 2009, 73(21):1752-1758. 3. Berg D, Postuma RB, Adler CH, Bloem BR, Chan P, Dubois B, Gasser T, 
Goetz CG, Halliday G, Joseph L et al: MDS research criteria for prodromal Parkinson's disease. Mov Disord 2015, 
30(12):1600-1611. 4. Schrag A, Anastasiou Z, Ambler G, Noyce A, Walters K: Predicting diagnosis of Parkinson's 
disease: A risk algorithm based on primary care presentations. Mov Disord 2019. 
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811 
Evaluation of bedside screening tests to detect dysphagia in Parkinson’s disease 
F. Brugger, J. Walch, M. Galovic, S. Hägele-Link, S. Stöckli, M. Müller-Baumberger, G. Kägi (St. Gallen, 
Switzerland) 
Objective: To evaluate the diagnostic accuracy of bedside screening tests, mainly established for stroke patients, to 
detect Parkinson's Disease (PD) related dysphagia. 
Background: Dysphagia is a common symptom in Parkinson’s disease (PD), which occurs mainly at the late stage 
of the disease. Its occurrence is associated with higher mortality, particularly due to the risk of aspiration and 
subsequent chest infections. Validated screening tests to identify PD patients at risk of dysphagia who would benefit 
from further instrumental testing are still lacking. 
Methods: 33 PD patients recruited from a single centre were classified as dysphagic or non-dysphagic based on the 
gold-standard objective instrumental testing with fiberendoscopic evaluation of swallowing (FEES). A speech-
language therapist blinded to the FEES results assessed all patients using bedside non-instrumental screening tests 
and questionnaires: SWAL-QoL, Drooling Severity and Frequency Scale, Paramatta Hospital’s Assessment of 
Dysphagia, Functional Oral Intake Scale, Any 2, and 150ml water swallowing test. We compared the diagnostic 
accuracy of bedside screening tests to detect dysphagia confirmed by FEES in PD. 
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Results: 9/33 PD patients were classified as dysphagic. Typical FEES findings in dysphagic cases were pharyngeal 
food residuals after swallowing and laryngeal penetration. The Drooling Severity and Frequency scale (area under 
the receiver operating characteristics curve (AUC): 0.83 (CI: 0.66-1.00); p=0.004) and the Paramatta Hospital’s 
Assessment of Dysphagia (AUC: 0.766 (CI: 0.56-0.98); p=0.020) had the highest accuracy to discriminate between 
PD patients with and without dysphagia. 
Conclusions: We identified simple bedside screening test that might be useful in identifying PD patients at risk of 
dysphagia. Drooling could be a typical indicator of dysphagia in PD and cases with drooling should be further 
evaluated using instrumental testing. 

812 
Evaluation of dose rate of photobiomodulation (light) therapy in patients with Parkinson’s Disease: Double 
blind placebo-controlled pilot trial. Is there a dose frequency per week that influences quality of life, mobility 
and cognition? 
J. Bullock-Saxton, L. Laakso, A. Lehn, F. Read, K. Harm, A. Gosling, S. Hardy, P. Newcombe, A. Nolan, E. Tune 
(Brisbane, Australia) 
Objective: This assessor- and participant-blinded placebo-controlled pilot study aimed to evaluate the influence on 
motor outcomes associated with Parkinson’s Disease with different dose application regimens of PBMt. 
Background: Parkinson’s disease (PD) is the second most common progressive neurodegenerative disorder with 
movement (motor) decline and non-motor symptoms such as cognitive effects and sleep disturbance. PD is not 
curable and the cause is not clear. One hypothesis is that PD develops because of mitochondrial 
dysfunction.  Photobiomodulation therapy (PBMt) stimulates mitochondrial action by absorption of photons in 
specific transmembrane proteins (cytochrome c oxidase), resulting in a range of physiological effects that may be 
beneficial to cerebral function. 
Methods: Twenty (20) participants with PD diagnosed by a movement disorders specialist Neurologist volunteered 
to participate.  Participants were randomly allocated to one of two treatment groups.  All treatment groups visited 
the clinic 3/week for 4 weeks, had a 4 week wash-out and then repeated the same schedule.  In the first phase, one 
group received 3 treatments/week and the other received 3 placebo treatments/week.  In the second phase, the 
treatment dose was either a) 1 treatment and 2 sham/week or b) 2 treatments and 1 sham/week.  The PBMt protocol 
used an Irradia 60W, 904 nm laser (pulse mode: 4 x 60mW; total output power: 4 x 240mW) to 6 areas on the 
cranium (frontal, temporal left and right, crown, occiput and soft palate.  Placebo applications were made to the 
same locations using a placebo device of identical appearance.  A wide range of non motor and upper limb and 
lower limb motor outcomes were assessed pre and post intervention.  This paper describes the results for objective 
physical outcome measures for PD. 
Results: Upper limb tests of 9 Hole Peg test and timed Spiral tests demonstrated significant (p<0.05) improvement 
with PBMt.  Dynamic balance tests improved for the treatment group that had 3/wkly PBMt followed by 1/wkly 
PBMt. 
Conclusions: PBMt influenced some aspects of upper and lower limb motor function, particularly when 
administered at a more frequent rate of application initially followed by a reduction in dosing. 

813 
Vertebral pain and bone mineral density in women with Parkinson's disease 
M. Bystrytska, I. Karaban, V. Povoroznyuk, N. Karasevich, N. Grygorieva (Kyiv, Ukraine) 
Objective: This research aimed to study the bone mineral density (BMD) and vertebral pain in females with 
Parkinson’s disease (PD). 
Background: PD and systemic osteoporosis are the most common age-related diseases leading to disability. Their 
combination is life threatening for older age patients. 
Methods: 104 women aged 50-74 years were included being divided into two groups: 1st group of patients without 
PD or any other illnesses/ conditions which may influence the bone (control group, n=54, average age 65.17±6.50 
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yrs.) and 2nd group of patients with PD (n=60, average age 66.40±8.21 yrs). The women from both groups did not 
differ significantly in main anthropometrical parameters and postmenopausal period duration. Bone mineral density 
was measured using dual-energy X-ray absorptiometry, T and Z-scores were calculated. Vertebral pain syndrome 
was assessed by visual analog scale (VAS). 
Results: Our study showed an increased incidence of osteoporosis and significantly lower BMD at lumbar spine 
(0.97 ± 0.32 vs 1.09±0.13 g/cm^2, p < 0.0001), femoral neck (0.78 ± 0.13 vs 0.86±0.11 g/cm^2, p < 0.0001) and 
proximal femur (0.86 ± 0.16 vs 0.94±0.11 g/cm^2, p <0.05) in PD patients compared to the parameters of control 
group. The vertebral pain intensity was significantly higher in PD patients (4.75±2.76 cm) compared to females of 
control group (2.76±2.43 cm, t = 4.64; p < 0.0001). In addition, we found reliable correlation between VAS and T-
score (r = - 0.32, p < 0.05) and Z-score (r = - 0.40, p < 0.05) of lumbar spine in PD females in contrast to control 
group patients who showed no relationship between pain and BMD. 
Conclusions: Current study demonstrated significant differences between bone mineral density in the lumbar spine, 
femoral neck and proximal femur in women with PD, compared to control group, higher vertebral pain and 
relationship between pain intensity and bone mineral density in PD women. 

814 
Peripheral Blood Mononuclear Cells (PBMCs) are Useful Biomarkers of Mitochondrial Dysfunction in 
Parkinson Disease Patients with Pathogenic Parkin and LRRK2 Mutations 
P. Campbell, J. Harvey, A. Costantini, H. Morris, A. Schapira (London, United Kingdom) 
Objective: To investigate the use of PBMCs as a biomarker of mitochondrial dysfunction in Parkinson disease (PD) 
patients carrying pathogenic parkin or LRRK2 mutations. 
Background: Mitochondrial dysfunction is thought to play a key role in the pathogenesis of PD. Both LRRK2 and 
biallelic parkin mutations can lead to genetic forms of PD. Both genes have also been implicated in maintaining 
mitochondrial function [1,2]. As such we investigated systemic mitochondrial dysfunction in these patients, with a 
view to developing blood based biomarkers of mitochondrial dysfunction in PD. 
Methods: Fresh PBMCs were isolated using Ficoll gradient separation from PD patients with pathogenic 
homozygous or compound heterozygous mutations in parkin or the G2019S mutation in LRRK2, as well as healthy 
controls (HC). PBMC mitochondrial function was analysed using Seahorse XF respirometry and flow cytometric 
assessment of mitochondrial membrane potential (Δψm) using TMRE staining. 
Results: Nine parkin PD patients (average age 45.2yrs, 66% male), 5 LRRK2 PD patients (average age 60.8yrs, 
80% female) and 24 healthy controls (average age 57.8yrs, 58% female) were sampled for the study. Both Parkin 
and LRRK2 patients had increased oxygen consumption related to proton leak (Parkin 2391 vs 0.88; p<0.01, 
LRRK2 2.35 vs 0.088; p=0.01). This is supported by both Parkin and LRRK2 patients having reduced lymphocyte 
resting Δψm (Parkin 134.2 vs 213.2; p=0.001, LRRK2 147.7 vs 213.2; p<0.05). Additionally Parkin patients were 
found to have reduced spare respiratory capacity, as reflected by the maximum/basal oxygen consumption ratio, 
(2.81 vs 3.10; p=0.02) compared to HC. Basal and ATP linked oxygen consumption were similar between all 
groups. 
Conclusions: We have shown that PBMCs are a useful biomarker of mitochondrial dysfunction in a sub-groups of 
PD patients with pathogenic Parkin and LRRK2 mutations. These results are in keeping with the role of these two 
genes in maintaining proper mitochondrial function. The finding of normal basal oxygen consumption suggests that 
dysfunction is most pronounced when cells are under stress, during high ATP demand, such as the environment 
found in neurons. This ‘signature’ of mitochondrial dysfunction could be applied to idiopathic PD patients to define 
a mitochondrial subgroup, in which personalised, stratified therapeutics could be offered. 
References: 1. Hattori N and Mizuno Y. Twenty years since the discovery of the parkin gene. J Neural Transm 
(Vienna) 2017; 124(9):1037-105. 2. Singh A, Zhi L, Zhang H. LRRK2 and mitochondria: Recent advances and 
current views. Brain Res 2019; 1702:96-104. 
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815 
Safety and Tolerability of opicapone in Parkinson's disease 
M. Campins Romeu, M. Losada López, I. Sastre Bataller, M.J. Pérez García, I. Martínez Torres (Valencia, Spain) 
Objective: To evaluate safety and tolerability of opicapone as an add‐on treatment to levodopa in Parkinson's 
disease (PD) patients. 
Background: Opicapone is a recently approved adjunctive treatment to levodopa/carbidopa in PD patients with 
motor fluctuations. Several studies have shown that opicapone elicits a significant reduction of end-of-dose motor 
fluctuations without worsening the percentage of troublesome dyskinesias. A discontinuation rate of 11.9% has been 
reported in previous clinical trials. 
Methods: Observational, retrospective, unicenter cohort study that included PD patients who started opicapone 
according to clinical practice. Demographic clinical data, withdrawal of treatment and reasons of discontinuation 
were collected. 
Results: 68 PD patients (29 women, mean age 68.4 years and mean disease duration of 12.14 years) who started 
opicapone between December 2017 and December 2018 were recruited in La Fe Universitary Hospital (Valencia, 
Spain). 
 
60 patients (88.23%) suffered from motor fluctuations previous to opicapone onset. Before this treatment, 20 
patients (29.41%) experienced dyskinesias, 14 patients (20.58%) reported cognitive decline, 14 (20.58%) described 
hallucinations and 10 (14.7%) had experienced some kind of impulse control disorder in the past. 
 
After the introduction of opicapone, 46 patients (67.64%) reported an improvement on motor fluctuations and are 
still carrying on with the treatment. Of them, 43 patients (93.47%) described a good response. 
 
Reasons for withdrawal were: 8 patients (11.67%) due to gastrointestinal side effects, 5 patients (7.35%) because of 
lack of benefit, 3 (4.41%) due to psychiatric issues, 2 (2.68%) because of sleepiness, 1 (1.47%) on account of 
dyskinesias, and 1(1.47%) stopped the treatment because of dizziness. None of the patients withdrew the treatment 
as a consequence of cognitive deterioration. 
Conclusions: Our results point out that opicapone is an overall well tolerated treatment. The majority of our patients 
showed clinical improvement and they keep taking opicapone nowadays. Our rate of withdrawal (11.6%) does not 
differ from the previous publications. The main reason for discontinuation in our study cohort was gastrointestinal 
side effects. Even in patients with cognitive complains opicapone seems to be a safe treatment. 
References: (1)‐ Fabbri M, Rosa MM, Ferreira JJ. Clinical pharmacology review of opicapone for the treatment of 
Parkinson's disease. Neurodegener Dis Manag. 2016. (2)‐ Ferreira JJ, Rocha JF, Falcao A, Santos A, Pinto R, Nunes 
T and Soares-da-Silva P. Effect of opicapone on levodopa pharmacokinetics, catechol-O-methyltransferase activity 
and motor fluctuations in patients with Parkinson`s Disease. European Journal of Neurology 2015. (3)-Ferreira JJ, 
Lees A, Rocha JF, Poewe W, Rascol O, Soares-da-silva P, for the BIPARK1 investigators. Opicapone as an adjunt 
to levodopa in patients with Parkinson´s disease and end-of-dose motor fluctuations: a randomised, double-blind, 
controlled trial. Lancet Neurology 2015. (4)- Lees AJ, Ferrerira J, Rascol O, Poewe W, Rocha JF, McCrory M, 
Soares-da-Silva P, for the BIPARK2 investigators. Opicapone as adjunct to Levodopa Therapy in Patients with 
Parkinson Disease and Motor Fluctuations. A Randomized Clinical Tiral, JAMA Neurology 2016. 

816 
Effect of a Combined Treatment with Botulinum Toxin and Biofeedback Exercises in Pisa Syndrome 
A. Castagna, A. Crippa, D. Anastasi, M. Meloni, A. Montesano, A. Marzegan (Milano, Italy) 
Objective: To assess the efficacy of a combined botulinum neurotoxin (BoNT) treatment with biofeedback 
exercises in a single Parkinson Disease (PD) patient with Pisa Syndrome (PS). 
Background: PS is a postural abnormalitiy in (PD) , usually characterized by a lateral flexion of the trunk at least 
10°, typically more evident in standing posture but that can be relieved by lying position [1]. Postural abnormalities 
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can be improved by a combination of BoNT injections in trunk muscles and rehabilitation program based on motor 
learning [2]. 
Methods: A 74 years old woman was evaluated longitudinally over 3 months: before BoNT (T0), after 4 weeks (T1) 
and 12 weeks (T2), follow up. A kinematic analysis with a 9-camera optoelectronic system (BTS Engineering, 
Milan, Italy) using a whole body protocol LAMB during standing and walking was performed at each time point. At 
T0 pt underwent a BoNT injection into the ileocostalis and abdominal external obliquus muscles and a tailored 
rehabilitation program (45 minutes, 20 sessions, 5 times a week) using specific devices in order to control position 
and movements of the trunk and of the pelvis in frontal plane, giving different movement learning strategies. As 
measures of clinical outcome were used variations of Center of Pressure (CoP) position during standing and 
omolateral trunk deviation during walking at T1 and T2. 
Results: Before BonT and Rehabilitation program the patient showed right shift of CoP and right trunk deviation 
during walking and a reduction of the hip adduction moment (HAM). After the combined treatment DF showed 
nearly balanced CoP position during standing and reduced trunk deviation even during walking, maintained at the 
follow up. Moreover, HAM was positively increased. 
Conclusions: An improvement of trunk alignment, determining a more balanced CoP during standing and walking, 
was quantitatively and longitudinally assessed after the combined treatment. The results were maintained at follow-
up when BoNT effect was wearing.This clinical case suggests the importance of the proposed combined treatment; 
larger studies are needed to confirm these data. 
References: [1] Doherty KM et Al. Lancet Neurol 2011; 10: 538–49 [2] Tassorelli et al. Parkinsonism Relat Disord. 
2014 Nov;20(11):1140-4. 

817 
The role of mitochondria in modifying penetrance of Parkin gene variants 
M. Castelo, J. Trinh, A. Zanon, J. Rainer, P. Bauer, K. Kandaswamy, M. Werber, A. Rolfs, A. Grunewald, M. 
Borsche, K. Lohmann, C. Klein, P. Pramstaller, I. Pichler, A. Hicks (Bolzano, Italy) 
Objective: To understand whether mitochondrial DNA (mtDNA) mutation load can modify the penetrance of 
variants in the Parkinson’s disease (PD) causing gene PRKN (Parkin), in heterozygous carriers. 
Background: Homozygous or compound-heterozygous mutations in PD causing genes, including Parkin and 
PINK1, have proven to disrupt mitochondrial performance. Heterozygous carriers of mutations in these genes are 
frequent in the population. These variants may predispose to some of the disease symptoms albeit with highly 
reduced penetrance. Differences in mtDNA mutation load might affect mitochondrial function and thus influence the 
penetrance of such nuclear variants. 
Methods: Unaffected carriers of heterozygous Parkin mutations were identified in the CHRIS and MICROS cohorts 
being conducted in South Tyrol/Northern Italy. MtDNA mutation was assessed by deep mtDNA sequencing 
(coverage=~10,000x) in blood-derived DNA with an Illumina NextSeq kit. Targeted metabolomics was performed 
in serum using the AbsoluteIDQ® p180 Kit (Biocrates Life Sciences), which includes up to 187 endogenous 
metabolites capturing metabolites involved in mitochondrial metabolism. 
Results: In a subset of the CHRIS and MICROS studies (n=4,662), a total of n=149 carriers of heterozygous Parkin 
mutations were identified by genotyping, exome sequencing and MLPA. Mutation carriers cluster in 30 
multigenerational families and 8 small multiplex families. mtDNA sequencing in a subset of carriers with either 
CNVs or a 1-bp truncating deletion in exon9 (n=41), showed significantly more mtDNA variants including both 
homoplasmic and heteroplasmic variants (>15% frequency) compared to age-matched non-carriers from the same 
families (n=26, p=0.037). Furthermore, in spent media of iPSC-derived neurons and serum samples of Parkin 
mutation carriers, we identified metabolites with significant differences in concentration compared to non-carriers, 
suggesting the presence of a metabolic signature involving mitochondrial shuttles reflecting a dysregulation of 
mitochondrial function in mutation carriers. 
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Conclusions: In line with previous data from animal and cell models, our data suggest an increased number of 
mtDNA variants and altered mitochondrial function in the presence of Parkin mutations, which might contribute to 
increased risk of developing mild features of PD in heterozygous mutation carriers. 

818 
Carotid Intima-Media Thickness and its correlates in people with Parkinson’s disease: a pilot study 
S. Castillo-Torres, C. Soto-Rincón, D. Cantú-García, A. Mendoza-Garcia, D. Díaz-Pérez, D. Martínez-Roque, B. 
Chávez-Luévanos, I. Estrada-Bellmann, F. Góngora-Rivera (Monterrey, Mexico) 
Objective: To determine the clinical correlates of carotid intima media thickess in patients with idiopathic 
Parkinson’s disease (PD). 
Background: Subclinical cardiovascular disease has been suggested to influence the phenotype and course of 
Parkinson’s disease [1, 2]. Carotid Intima Media Thickness (CIMT), is a non-invasive marker of subclinical 
atherosclerosis, that in PD patients has been associated with disease severity[3], and decreased survival[4]. 
Methods: Patients with PD diagnosis were recruited from the movement disorder outpatient clinic. CIMT was 
measured as the mean average of bilateral common carotid artery along 20mm; disease was evaluated with severity 
(Hoehn & Yahr, H&Y), cognitive (MoCA), motor (MDS-UPDRS III), non-motor (NMSS) and quality of life 
(PDQ8) scores; and bivariate correlations were sought with CIMT. Stepwise linear regression analysis was 
performed using CIMT as dependant variable. 
Results: 23 patients were included, 52% (n= 12) female, mean age 60.1±11.8; mean H&Y stage 1.7±0.9, with stage 
1 being the most common (65%, n= 15), mean disease duration 6.5±4.1 years, and disease onset at 53.9±12.3 years. 
Mean CIMT was 0.673±0.144 mm. We found significant correlations with age at onset (strong), MDS-UPDRS III, 
MoCA and PDQ8 (moderate). Stepwise regression analysis found that only age at disease onset was a significant 
predictor for CIMT. Details are given in table 1. 
Conclusions: In Parkinson’s disease, age at onset is an independent predictor of CIMT. Higher CIMT was 
correlated with worse cognitive status and quality of life; whereas higher motor and non-motor severity were 
correlated with lower CIMT. Although this might suggest subclinical atherosclerosis might have a protective effect 
on motor and non-motor severity, larger studies are required to determine the relationship between cardiovascular 
disease and PD. Our results are preliminary, as patient recruitment is ongoing. 
References: 1. Rektor et al. Parkinsonism Relat Disord. 2009;15(1):24-9. [DOI: 10.1016/j.parkreldis.2008.02.007] 
2. Malek et al. Mov Disord. 2016;31(10):1518-26. [DOI: 10.1002/mds.26698] 3. Nakaso et al. J Neurol Sci. 
2003;207(1-2):19-23. [DOI: 10.1016/S0022-510X(02)00353-2] 4. Rektor et al. Mov Disord. 2012;27(9):1169-72. 
[DOI: 10.1002/mds.25066] 
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819 
Circumstances of Falls in Single and Recurrent Fallers with Parkinson's Disease 
I. Castro, H. Cavalcanti, G. Valença, J. Filho, L. Almeida (Salvador, Brazil) 
Objective: To compare the circumstances of falls among single fallers (1 fall over one year) and recurrent fallers 
(≥2 falls over one year) with Parkinson´s Disease (PD). 
Background: Falls are common in people with PD, negatively impacting quality of life. Previous studies have 
suggested that single and recurrent fallers with PD show different clinical and functional characteristics, and it is 
important to investigate whether the circumstances in which they fall are also different. 
Methods: Prospective cohort study with 229 people with PD who were evaluated by disease-specific measures 
(UPDRS activities of daily living and motor sections and modified Hoehn & Yahr scale [H&Y]) and followed up for 
12 months with a falls diary to identify the occurrence and circumstances of falls (i.e. time and location of the fall, 
activity preceding the fall, situation that led to falling and injuries). Data were analyzed using the chi square test. 
Results: Among the participants, 105 (45%) reported at least one fall and 78 (74%) were recurrent fallers. The mean 
age was 71 years (SD = 6.6 years) and the median H&Y 2.5 (2-4). A total of 618 falls were recorded in the falls 
diaries. Outdoor falls were more common among single fallers, while indoor falls were more common among 
recurrent fallers (p=0.003). Most falls occurred while walking, with tripping (n=13, 48%) being the most common 
cause among single fallers and freezing of gait (n=201, 35%) among the recurrent fallers. Falls related to intrinsic 
factors were more common among recurrent fallers, while extrinsic factors were more common among single fallers 
(p=0.001). Soft tissue injury was the most common consequence. 
Conclusions: Falls in single fallers occurred more in outdoor environments associated with extrinsic factors, such as 
tripping, while falls presented by recurrent fallers occurred more indoors due to intrinsic factors, such as freezing of 
gait. The identification of the circumstances of falls in single and recurrent fallers with PD may contribute to fall 
prevention programs, since such situations may help to identify specific strategies related to the mechanisms of falls. 
References: [1]Allen NE, Schwarzel AK, & Canning CG. Recurrent falls in Parkinson’s disease: A systematic 
review. Parkinsons Dis, 2013, 906274. [2]Almeida LRS, Valenca GT, Negreiros NN, Pinto EB, Oliveira-Filho J. 
Predictors of recurrents falls in people with Parkinson`s disease and proposal for a predictive tool. Journal of 
Parkinson’s Disease,7:313, 2017. [3]Gazibara. T, Pekmezovic. T, Tepavcevic D.K. , Tomic. A, Stankovic .I, Kostic. 
V.S., Svetel. M. Circumstances of falls and fall-related injuries among patients with Parkinson’s disease in an 
outpatient setting. Geriatric Nursin, 2014. 
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820 
To compare early / late onset MSA from the PAN American MSA (PANMSA) database 
M. Cesarini, E. Gatto, J. Etcheverry, G. Da Prat, F. Peralta (CABA, Argentina) 
Objective: Compare two different cohorts of patients with the same pathology differentiated by age of onset. 
Background: Multiple system atrophy (MSA) is a rare neurodegenerative disease and coordinated efforts are 
required to improve understanding, diagnosis, and treatment. Recently, Walsh RR et al. published some 
recommendations for Global MSA research including the creation of a unified dataset for MSA and implementation 
of a global international registry. In an attempt to reduce the knowledge gap in our region in 2014 we reported the 
preliminary data from PANMSA cohort. Two years later we implemented, a system with web domain database with 
a restricted access for site investigators to collect de-identified information to protect patient confidentiality that 
meets the required the Global MSA Registry (MDS MSA study Group) standards. 
Methods: Demographic and clinical data from MSA patients were collected until June 2018 and included in the new 
encrypted database.Inclusion criteria: >21 years old, fulfilling clinical diagnosis of MSA on the basis of the current 
consensus criteria for the disease. Exclusion criteria: Patients with any other causes of Parkinsonism. 
Results: Hundred ten patients met criteria, We compare two cohorts: early onset MSA (40-49y/o) and late onset 
MSA (70- + y/o). 
Seven patients met criteria for e-MSA (6 Probable/Possible C; 1 Probable P). disautonomic failure were observed in 
all of them with Urinary Incontinence and orthostatism as most frecuent feature. Severe disability in HyY scale in 
85%. The mean UMSARSII was 37.5. Unresponsive to levodopa was observed in 57%. Falls were reported in all of 
e-MSA. 
Four patient l-MSA (2 Probable/Possible C; 2 Probable/Possible), all of them with postural tremor. Autonomic 
disfunction was reported in 25%, only one with urinary failure, blue hands was present in 50%. Severe disability in 
HyY scale 25%. The mean UMSARSII was 15. Unresponsive to levodopa was observed in 75%. 
Conclusions: The early cohort of MSA in the panamerican group looks to have more agressive clinical evolution. 
Urinary dysfunction, postural instability as well as falls were very disabling in the early cohort, with more impact on 
the Qol and clinical complications. 
References: 1.- Wenning GK, & Stefanova N (2009) Recent developments in multiple system atrophy. J Neurol, 
256, 1791-1808. 2.- Wenning GK, Geser F, Krismer F, Seppi K, Duerr S, Boesch S, K¨ollensperger M, Goebel G, 
Pfeiffer KP, Barone P, Pellecchia MT, Quinn NP, Koukouni V, Fowler CJ, Schrag A, Mathias CJ, Giladi N, 
Gurevich T, Dupont E, Ostergaard K, Nilsson CF,Widner H, Oertel W, Eggert KM, Albanese A, del Sorbo F, 
Tolosa E, Cardozo A,Deuschl G, Hellriegel H, Klockgether T, Dodel R, Sampaio C, Coelho M, Djaldetti R, 
Melamed E, Gasser T,KammC, Meco G, Colosimo C, Rascol O, Meissner WG,Tison F, PoeweW&European 
Multiple System Atrophy Study Group (2013) The natural history of multiple system atrophy: A prospective 
European cohort. Lancet Neurol, 12, 264-274. 3.- Kuzdas-Wood D, Stefanova N, Jellinger KA, Seppi K, 
Schlossmacher MG, PoeweW, & Wenning GK (2014) Towards translational therapies for ultiple system atrophy. 
Prog Neurobiol, 118C, 19-35. 4.- Yabe I, Soma H, Takei A, Fujiki N, Yanagihara T, & Sasaki H (2006) MSA-C is 
the predominant clinical phenotype of MSA in Japan: Analysis of 142 patients with probable MSA. J Neurol Sci, 
249 115-121 5.- Gilman S, May SJ, Shults CW, Tanner CM, Kukull W, Lee VM, Masliah E, Low P, Sandroni P, 
Trojanowski JQ, Ozelius L, Foroud T & North American Multiple System Atrophy Study Group (2005) The north 
American multiple system atrophy study group. J Neural Transm, 112, 1687-1694 

821 
Demographic Influences on Wearing Off Symptoms in Parkinson's Disease 
L. Chahine, G. Cummin, S. Chen, J. Buchanich, B. Edison, M. Daeschler, S. Kahl, C. Kopil, C. Marras (Pittsburgh, 
PA, USA) 
Objective: To examine differences in wearing off symptoms in Parkinson’s Disease (PD) according to gender, age, 
and age at PD diagnosis. 
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Background: Off symptoms in PD have a significant negative impact on quality of life. "Wearing off", or the 
emergence of symptoms as the effect of a given dose of PD medication wanes, is often treatable with adjustments in 
medications or surgical interventions. Thus, diagnosis of wearing off is essential. Unfortunately, this phenomenon 
may go undetected in many patients. Better understanding of how patients’ off symptoms manifest in different PD 
populations is important to improving their detection. 
Methods: This was a cross-sectional survey study administered through Fox Insight, an online observational study 
of PD. 13,359 individuals self-reported as having PD and taking levodopa were invited to complete the survey. The 
Wearing Off Questionnaire-19 (WOQ-19) assessed off symptoms and their medication-responsiveness. Differences 
in self-identified males vs. females were examined, as were wearing off symptoms in relation to age at survey and 
age at PD diagnosis. 
Results: 2113 respondents completed the survey, 1011 (52%) females, mean age 66.6 years, median duration since 
diagnosis 5.0 years.  Females were 1 year younger at PD diagnosis compared to males (59.8 vs 60.8, p=0.017). 
Females reported a greater number of medication-responsive wearing off symptoms compared to males (5.4 vs. 4.9, 
p=0.003). Age at PD diagnosis (β=-0.009, p=0.034) and female gender (β=0.20, p=0.003) predicted non-motor 
symptom burden; only younger age at PD diagnosis predicted motor symptom burden (β=-0.057, p<0.001). Detailed 
analyses of wearing off symptom profiles according to demographic and disease characteristics will be presented. 
Conclusions: Non-motor wearing off symptom burden varies according to age at PD diagnosis and gender. 
Symptom complex patterns in men and women with wearing off differ. An awareness of this will help in 
identification and management of off symptoms in PD. 

822 
Identifying Incident Cases of Neurodegenerative Parkinsonism in a Large Observational At-Risk Cohort: the 
PPMI study 
L. Chahine, K. Kieburtz, M. Brumm, c. Caspell-Garcia, C. Coffey, A. Siderowf, D. Weintraub, C. Tanner, T. Foroud, 
D. Galasko, B. Mollenhauer, T. Simuni, K. Marek (Pittsburgh, PA, USA) 
Objective: To examine the potential of a data-driven approach to identify incident cases of neurodegenerative 
parkinsonian disorders (PD) in a large observational cohort of individuals at risk for PD. 
Background: Individuals at-risk for Parkinson’s disease and other neurodegenerative parkinsonian disorders who 
do not yet exhibit the motor syndrome and other features that fulfill clinical diagnostic criteria for one of these 
disorders serve as a prime population for disease-prevention therapies. The PPMI at-risk cohort was assembled to 
identify and characterize such individuals. Accurately identifying incident cases of neurodegenerative parkinsonism 
is critical to create predictive models and to design PD-prevention clinical trials. 
Methods: The at-risk PPMI cohort consists of individuals with one or more of the following features: idiopathic 
REM sleep behavior disorder (RBD, n=39), hyposmia (n=24) or non-manifesting carriers (NMC) of PD-pathogenic 
mutations (Leucine-rich repeat kinase 2 (LRRK2) gene (n=106) and glucocerebrosidase (GBA) gene (n=53) 
mutations)). Inclusion criteria enriched the RBD and hyposmia cohorts, but not the NMC cohort, with individuals 
with dopamine transporter binding deficit. A data-driven definition approach used rating scale and questionnaire 
responses indicating presence of bradykinesia and either rigidity or tremor to identify possible cases. The accuracy 
of this approach was compared to gold-standard of neurologist diagnosis based on at-least annual assessment. Data 
from a 2-year period of follow-up were used. 
Results: The data-driven approach identified 32 possible cases (9 in the RBD group, 4 hyposmics, and 19 NMC 
carriers). Eight of these had received a clinical diagnosis of a neurodegenerative disorder: 7 with PD, 1 with MSA. 
Another 8 had been designated by the study site neurologist as having parkinsonism but had not yet received a 
specific diagnosis. 
Conclusions: We demonstrate a sensitive method of using data collected during research study assessments to 
identify incident cases of PD in a large observational study of individuals at-risk for PD. Additional data from 
motor, non-motor, imaging, and biologic fluid biomarker assessments may be used to improve specificity. 
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823 
Contribution of pedunculopontine nucleus cholinergic neurons to L-DOPA-induced dyskinesia and PD motor 
deficits in hemi-parkinsonian rats 
N. Chambers, J. Sergio, C. Saito, K. Lanza, C. Bishop (Binghamton, NY, USA) 
Objective: To determine if chemogenetic and pharmacological modulation of pedunculopontine nucleus (PPN) 
cholinergic neurons can alter L-DOPA-induced dyskinesia and gait deficits in hemi-parkinsonian rats. 
Background: PPN cholinergic neurons are implicated in PD gait dysfunction and akinesia (1). Recent evidence 
shows that cholinergic signaling may mediate L-DOPA-induced dyskinesia (LID) and that this could be regulated by 
targeting mAChR M4R (2). 
Methods: All rats were rendered hemi-parkinsonian by unilateral 6-OHDA infusion. In experiment 1, ChAT-cre+ 
Long-Evans rats were transfected with PPN-infused pAAV8 containing excitatory (hM3dq), inhibitory (hM4di), or 
control (mCherry) DREADDs viral vectors for selective modulation of Ach PPN neurons. Rats in experiment 1 
received the DREADD ligand Compound 21 (C21; 0, 5 mg/kg) to determine chemogenetic effects onmotor 
parameters. Thereafter, L-DOPA was then administered daily for 2 weeks to elicit stable LID. Thereafter, in 
experiment 1, rats received C21 30 min before L-DOPA to examine effects on treatment-induced improvements and 
LID. In experiment 2, wild-type Long-Evans rats received unilateral PPN cannulae. After establishment of baseline 
deficits and LID, PPN microinfusions of the M4R positive allosteric modulator VU0467154 (0, 1, 10 µg/µL) were 
given before L-DOPA. In both experiments, after L-DOPA, dyskinesia was tested for 3h, and gait testing and motor 
efficacy were assayed at the 30- and 60-min time points, respectively. At study end, lesion efficacy (TH-ir or 
HPLC), successful transfection (measured by PPN ChAT and mCherry co-expression), and cannula placement were 
verified. 
Results: Uniformly, 6-OHDA lesion and L-DOPA treatment led to motor deficits and LID development. 
Chemogenetic stimulation of PPN cholinergic neurons off L-DOPA can improve movement while increasing LID 
severity. Inhibition can worsen motor performance but reduce LID severity.Coupled with findings that in 
VU0467154 can dose-dependently reduce LID without affecting L-DOPA efficacy suggests a unique role for PPN 
in PD treatment. 
Conclusions: PPN cholinergic neurons are a promising target for improving motor symptoms and LID. Moreover, 
positive allosteric modulators of M4R may reduce LID partially through PPN actions. 
References: 1. Bohnen et al. 2009 PMID: 19917989 2. Shen et al. 2015 PMID: 26590347 

824 
Deep Brain Stimulation for atypical tremors secondary to Neuroferritinopathy: Single center experience 
S. Chandra, J. Randhawa, M. Schiess (Houston, TX, USA) 
Objective: To describe the clinical response to deep brain stimulation. 
Background: Neuroferritinopathy is a neurodegenerative disease in which mutations in the ferritin light polypeptide 
(FTL) gene leads to brain iron depositions.One of the first cases of neuroferritonopathy with 460dupA FTL mutation 
in the United States was described in a family with German ancestry.  It may be associated with abnormal 
movements including chorea, tremor, ataxia and dystonia which are often treatment-resistant. We describe the 
clinical course of a patient with this disorder and his response to deep brain stimulation. 
Methods: Single case report. 
Results: 49 year-old male initially presented to a clinic with a 2 year history of facial dystonic movements, bruxism, 
tongue-biting and vocalizations. Family history was significant for similar abnormal movements in his paternal 
relatives (father, grandfather and grand-uncles). Patient’s father had genetically confirmed 460dupA FTL 
mutation.  The patient subsequently noted dystonic posturing of the neck followed by tremor of bilateral upper 
extremities, right>left. He was placed on a tetrabenazine for the facial stereotypies and responded well initially, 
however his clinical symptoms progressed to involve resting tremor of upper and lower extremities as well as 
bradykinesia and some cogwheel rigidity which did not respond to standard medical therapy. His gait and balance 
were impaired. The patient underwent deep brain stimulation surgery targeting bilateral dentatorubrothalamic tract 
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with subsequent improvement in tremors, balance and gait. At his 48 month follow up the patient continues to do 
well. 
Conclusions: Deep brain stimulation may beneficial in patients with neuroferritinopathy who present with abnormal 
movements such as dystonia and parkinsonian tremor which are refractory to standard treatment. It may be an 
important consideration to improve their quality of life. 

825 
The role of Parkinson’s disease-associated RHOT1/Miro1 variants in mitochondrial dysfunction and 
impaired cellular quality control 
A. Chemla, C. Berenguer-Escuder, F. Massart, P. Seibler, C. Klein, D. Grossmann, A. Grünewald, R. Krüger 
(Belvaux, Luxembourg) 
Objective: In the present study we intent to investigate the effect of mutant Miro1 proteins on mitochondrial 
function and cellular quality control mechanisms in iPSC-derived neurons and the resulting changes on neuronal 
function and integrity. 
Background: Impaired mitochondrial function and dysfunction of clearance pathways are commonly observed in 
neurodegenerative diseases like Parkinson’s disease (PD). A number of genes causing genetic forms of PD are 
involved in these pathways, e.g. PARK7, PINK1, PARK2, SNCA or GBA. A candidate gene in this context is 
RHOT1, coding for the Miro1 protein, which is critically involved in the regulation of mitochondrial function and 
quality control. In our previous study, we identified first PD patients carrying coding variants in the RHOT1 gene. 
Methods: We reprogrammed patient-derived fibroblasts into iPSC, which were differentiated into midbrain 
dopaminergic neurons. IPSC-derived neurons were used to study mitochondrial function by analysis of 
mitochondrial respiration, ATP synthesis rate, activity of the respiratory chain and mitochondrial quality control. 
Results: Previous results from patient-derived fibroblasts carrying PD-associated Miro1 variants revealed alterations 
of ER-mitochondria contact sites, which leads to impaired calcium homeostasis and changes of cellular quality 
control. First results from iPSC-derived neurons with mutations in Miro1 show similar phenotypes, including a 
higher sensitivity against calcium-stress, resulting in increased mitochondrial fragmentation and elevated cytosolic 
calcium levels. Furthermore, using live cell imaging of Mitotracker and Lysotracker staining in order to analyze the 
colocalization of mitochondria and lysosomes, we observed alterations of lysosomal clearance pathways. 
Conclusions: PD-associated variants of RHOT1/Miro1 cause changes of ER-mitochondrial contact sites, leading to 
impaired calcium homeostasis and quality control mechanisms in iPSC-derived neurons. 

826 
Non-motor symptoms contribute to the caregiver burden in Progressive Supranuclear Palsy 
Z.C. Chen, Y.M. Liu (Jinan, China) 
Objective: To investigate the clinical features of NMS in PSP patients and analyze the influences on the burden of 
the caregivers. 
Background: NMS was wildly accepted as significant clinical symptom in PD and related with quality of life. 
Recently some researchers tend to pay attention to the frequency, severity and the type of NMS in PSP patients. 
However, studies about the relationship between clinical features and the burden of caregivers is insufficient. 
Methods: We enrolled 20 PSP patients (included 14 PSP-RS and 6 PSP-P, excluded patients with sever cognitive 
dysfunction that could not complete the scales) and 20 age- and gender-matched PD patient in this study. Motor and 
Non Motor symptoms were evaluated using the PSP rating scale(PSPRS, for PSP patients), Unified Parkinson's 
Disease Rating Scale (UPDRS, for PD patients), Montreal Cognitive Assessment (MOCA), Mini-mental State 
Examination (MMSE), Non Motor Symptom scale (NMSS) and Instrumental Activities of Daily Living scale 
(IADL) . Burden of the caregivers was determined by using Zarit Caregiver Burden Interview (ZBI). 
Results: Total NMSS scores was obviously higher in PSP than PD(Mann-Whitney U test: P = 0.018). The most 
frequent NMS in PSP was sleep/fatigue (95%), followed by mood/apathy (90%), gastrointestinal (90%) and urinary 
dysfunction (90%). In PD, sleep/fatigue (95%) is also the most common NMS followed by gastrointestinal (85%). 
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Caregiver burden is higher in PSP (18.20±9.23) than PD(31.72±17.05) patients. Multiple linear regression analysis 
revealed that ZBI scores of the caregivers were not determined by PSPRS (standardized β = -0.069, P = 0.813), 
cognitive dysfunction (MMSE standardized β = -1.471, P = 0.051) or ability of daily life (IADL standardized β = -
0.273, P = 0.292), while the NMS (NMSS standardized β = -0.639, P = 0.020) was a strong contributing factor in 
PSP patient. In PD group, ability of daily life (IADL standardized β = -0.440, P = 0.019) and NMS(NMSS 
standardized β = 0.516, P = 0.007) both influenced the ZBI scores significantly. 
Conclusions: NMS are very frequent in PSP patients. The Caregivers of PSP patients have much more burden than 
PD. Non-motor symptoms have significant influence on the burden of caregivers in PSP. 

827 
CHCHD2 maintains the MICOS and inhibits PINK1/Parkin mediated mitophagy in an experimental model 
of Parkinson's disease 
X. Chen, M. Zhou, X.Q. Zhu, S.X. Huang, W.Y. Guo, Z. Pei, P.Y. Xu (Guangzhou, China) 
Objective: To illustrate the mechanism of CHCHD2 in regulating MICOS and mitophagy in Parkinson's disease.To 
illustrate the mechanism of CHCHD2 in regulating MICOS and mitophagy in Parkinson's disease. 
Background: Parkinson’s disease (PD) is the second most common neurodegenerative disease after Alzheimer’s 
dementia. Mitophagy, the selective form of macro-autophagy, plays an important role in mitochondrial quality 
control and is involved in pathology of PD. Recently, coiled-coil helix coiled coil helix domain containing 2 
(CHCHD2) was identified associated with autosomal dominant Parkinson’s disease (PD). However, the mechanism 
of CHCHD2 in mitophagy in PD remains unclear. 
Methods: Mitochondria were isolated with a Mitochondria Isolation Kit. Mitochondrial morphology changes were 
measured via live cell imaging. ATP level was assessed by using a Luminescent ATP Detection Assay Kit. PINK1-
GFP or Parkin-GFP plasmid was transfected into HeLa cells stably expression CHCHD2-flag or control vector and 
treated with or without MPP+ to address the mechanism of CHCHD2 in regulation of mitophagy. The interaction of 
CHCHD2 with the MICOS was performed by immunofluorescence and co-immunoprecipitation (Co-IP) assays. The 
role of CHCHD2 in stability of MICOS was assessed by using blue native electrophoresis.Adeno-associated viral 
vectors (GV411/AAV9) expressing 3Flag-tagged human CHCHD2 and vector were delivered to the substantia nigra 
pars compacta (SNpc) of mice by unilateral stereotactic injection to explore the effects of CHCHD2 in MPTP -
induced mice model of PD. 
Results: CHCHD2 can protect mitochondrial morphology and function in a MPP+-induced cell model. CHCHD2 
suppressed MPP+-induced overactivation of mitophagy. 
CHCHD2 inhibited MPP+ induced aggregation of Parkin on mitochondria. CHCHD2 suppressed MPP+-induced 
translocation of PINK1 to the mitochondria. CHCHD2 can interact with MICOS. CHCHD2 maintained MICOS and 
protected against MPP+-induced MICOS impariment. CHCHD2 can protect dopaminergic neurons in an MPTP 
induced mouse model of PD. 
Conclusions: We highlighted that CHCHD2 can inhibit PINK1/Pakrin mediated mitophagy in an experimental 
model of PD. CHCHD2 interacted with Mic10 and MICOS, which may related to the regulation of PINK1 
relocation in mitophagy. However, further studies are needed to clarify the mechanisms among CHCHD2, Mic10, 
CHCHD10 and PINK1. 

828 
Characteristics of gait and quality of life in Parkinson’s disease 
S.M. Cheon, J.W. Kim (Busan, Republic of Korea) 
Objective: To find the independent correlation between characteristics of gait and QoL in PD, comprehensive 
assessment of clinical characteristics and objective gait analyses were done in patients with PD. 
Background: Gait is essential for independent living and gait disabilities such as freezing of gait (FoG) have been 
suggested as important determinant in daily life of patients with Parkinson’s disease (PD). 
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Methods: Independently walking PD patients without dementia (K-MMSE>24) were recruited from outpatient 
clinic. Comprehensive assessment of clinical characteristics including history taking about fall and fear of falling, 
non-motor symptoms (non-motor symptom scale, NMSS), FoG (new FoG questionnaire), and disease-related QoL 
(Parkinson’s disease quality of life questionnaire, PDQL). Unified Parkinson’s disease rating scale (UDPRS) and 
balance test (Berg balance scale) were applied in defined ‘off’ state. Objective gait evaluation was also done in 
defined ‘off’ state using 3-D motion capture system at patients’ preferred speed. 
Results: Total 59 PD patients (69.4 ± 5.4 years, 29 males, Hoehn and Yahr stage at defined ‘off’ 2.5 (2-3)) 
participated. Patients with history of fall was found in 16/59 (29.7%) and 23/59(39%) patients had freezing of gait. 
Bivariate correlation analysis revealed that PDQL correlated with walking speed, asymmetry of step length and 
trunk tilt during forward gait. Sleep subscore of NMSS, activities of daily living (ADL) subscore of ‘off’ UDPRS, 
and walking speed were independently correlated with PDQL, which together accounted for 58% of the variance. To 
define the impact of FoG on QoL, patients were grouped to freezer and non-freezer. Freezer group showed 
characteristics of more advanced stage of disease, slower walking speed, and higher asymmetry of step length than 
non-freezer group. However, there was no significant difference in PDQL and independent correlation between gait 
and PDQL was only found in non-freezer group. 
Conclusions: Sleep disturbance, ADL and gait characteristics at ‘off’ state were independent determinants of 
disease-related QoL in ambulatory PD patients. Walking speed was associated with PDQL, especially in patients 
without FoG. 

829 
PRKN Positive Parkinson’s Disease Masked as Dopa-Responsive Dystonia 
S. Chiu, A. Elkouzi, L. Almeida (Gainesville, FL, USA) 
Objective: To report a Parkinson’s disease (PD) patient with PRKN mutation initially diagnosed with dopa-
responsive dystonia (DRD), unmasked after developing signs of parkinsonian disease progression. 
Background: Most PD cases are sporadic, and monogenic forms account for approximately <5% of sporadic cases. 
PRKN (also known as PARK2) mutation is the most common cause of autosomal recessive early-onset PD, with 
first symptom usually manifesting before age of 40 years. PD patients with parkin mutation may experience isolated 
lower-limb dystonia for years. This can mimic motor phenotype of DRD. Globus pallidus interna (GPi) deep brain 
stimulation (DBS) may benefit selected patients with PARK2 mutation who experience motor fluctuations with oral 
levodopa therapy. 
Methods: Case study 
Results: We describe a 43 year-old man initially diagnosed with DRD at age of 8 years following onset of right foot 
dystonia that responded to levodopa challenge. No genetic tests were commercially available at the time of 
diagnosis. Patient remained well-controlled on a low dose of levodopa until the age of 40, when he developed severe 
motor fluctuations and dyskinesias. He underwent bilateral GPi DBS placement at outside facility. Upon referral to 
our tertiary movement disorder center, presence of dystonia and parkinsonism with motor fluctuations raised 
concerns for young-onset PD. Genetic testing confirmed homozygous pathogenic variant of PARK2. 
Conclusions: Challenges of differentiating very early-onset PD (or juvenile PD, with age of onset <20 years) from 
DRD are well recognized. Both conditions can present as dystonia, with early levodopa response. Our patient had a 
positive levodopa response for decades before onset of motor fluctuations and dyskinesias, which are often 
associated with advanced PD. Early differential diagnosis is critical given distinct long-term treatment and prognosis 
of these disorders. This report also highlights the importance of genetic testing in distinguishing parkin type early-
onset PD from DRD. More research is needed to evaluate how genotype influences DBS outcomes in patients with 
hereditary forms of PD. 

830 
Genomic variants associated with cognitive impairment in Parkinson's disease: Ethnicity-specific GWAS 
S.J. Chung, N. Choi, J. Kim, K. Kim, M.J. Kim, Y.J. Kim, H.S. Ryu, K.W. Park (Anyang, Republic of Korea) 
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Objective: We aimed to identify the genomic variants that are associated with cognitive impairment in patients with 
Parkinson’s disease (PD). 
Background: Cognitive impairment is an important nonmotor symptom in PD. There is no convincing biomarker to 
predict the development of cognitive impairment in patients with PD. 
Methods: Genomic data was produced in patients with PD (N=1,021), using the Korean Chip (K-CHIP), 
Affymetrix Axiom KORV1.1 (variants number of 827,400), which contains imputation genome-wide association 
study (GWAS) grid and other GWAS loci, functional variants of nonsynonymous exome, pharmacogenetics 
variants, variants in genes involved in absorption, distribution, metabolism and excretion (ADME) of drugs, and 
expression quantitative trait loci (eQTL). Genomic analysis was performed according to the scores of Mini-Mental 
State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). 
Results: One intronic variant in Chromosome 1 (OR=3.11, CI=1.91-5.06, P=4.75Í10-6) showed the most significant 
association with the lower scores of MMSE (score < 26) in PD patients. One intronic variant in Chromosome 17 
(OR=2.03, CI=1.49-2.77, P=7.95Í10-6) showed the most significant association with the lower scores of MoCA 
(score < 24) in PD patients. Several other variants showed associations with lower scores of MMSE or MoCA, but 
all variants with nominal significant association did not remain significant after Bonferroni correction. 
Conclusions: This study suggests new loci associated with lower scores of cognitive screening tests in patients with 
PD.  Further studies are needed to confirm our findings using more comprehensive neuropsychological tests. 

831 
Gender differences of fatigue characteristics in people with Parkinson’s disease 
G. Cilga, T. Kahraman, A.C. Kalkan, B. Donmez Colakoglu, A. Genc (Manisa, Turkey) 
Objective: To investigate gender differences in fatigue characteristics in people with Parkinson’s disease. 
Background: Fatigue is a common problem among people with Parkinson’s disease. It is known that fatigue is 
found more frequently among females than males in general population. Many studies have reported that females 
with Parkinson’s disease also developed a higher prevalence of mood changes, including fatigue compared to males. 
However, there is a lack of evidence on gender differences in the impact of fatigue on physical, cognitive and 
psychosocial domains and its severity in people with Parkinson’s disease. 
Methods: Ninety-six people with idiopathic Parkinson’s disease (41 females and 55 males) were included in this 
study. The Parkinson's Disease Fatigue Scale as a disease-specific measure was used to assess the presence of 
fatigue and its impact on daily function. In addition, to see the impact of fatigue on physical, cognitive and 
psychosocial domains, the Modified Fatigue Impact Scale was used. The severity of fatigue was assessed using the 
Fatigue Severity Scale. Clinical characteristics of participants were evaluated using the Unified Parkinson’s Disease 
Rating Scale and Modified Hoehn and Yahr Scale. 
Results: No significant difference was overserved in age (p=0.571), disease duration (p=0.803), Unified Parkinson’s 
Disease Rating Scale (p=0.054) and Modified Hoehn and Yahr Scale (p=0.142) between females and males. 
Females had significantly higher scores on Parkinson's Disease Fatigue Scale (p=0.003) and physical subscale of 
Modified Fatigue Impact Scale (p=0.008) compared to males. On the other hand, no significant difference was 
observed in cognitive (p=0.168) and psychosocial (p=0.204) subscales of Modified Fatigue Impact Scale and 
Fatigue Severity Scale (p=0.052). 
Conclusions: The findings have shown that females had a higher prevalence of fatigue compared to males. In 
addition, although no significant difference was observed in fatigue severity between females and males, it 
negatively affects daily function, especially physical function, in females with Parkinson’s disease. 

832 
Rapid Picture Naming in Parkinson’s Disease Using the Mobile Universal Lexicon Evaluation System 
(MULES) Test 
J. Conway, C. Gonzalez, S. Fallon, J. Martone, L. Hasanaj, A. Lepor, L. Serrano, J. Rucker, S. Galetta, S. Frucht, L. 
Balcer (New York, NY, USA) 
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Objective: To introduce the Mobile Universal Lexicon Evaluation System (MULES) to the visual assessment of 
patients with Parkinson’s Disease (PD). 
Background: The MULES is a test of rapid picture naming that captures an extensive visual network involving 
afferent/efferent visual and cognitive pathways. MULES performance is impaired in concussion and multiple 
sclerosis in which visual impairment is common. Similarly, visual deficits also occur in PD. These visual deficits 
influence overall motor function and are a risk factor for developing visual hallucinations. Since many of the visual 
factors captured by the MULES may be abnormal in PD (e.g., visual acuity, color discrimination, object recognition, 
visual processing speed, and saccadic eye movements), the MULES may serve as a useful screening tool for visual 
dysfunction in PD. 
Methods: The MULES, which consists of 54 color photographs of various objects (fruits, animals, and random 
objects), was administered in a PD cohort and a group of similar-aged disease-free controls. 
Results: Among 49 PD patients (median age 70 years old, range 52-82) and 18 disease-free controls (median age 
61.5, range 53-90), MULES scores were significantly worse (slower) in PD patients (63.2 seconds, range 37.8-
296.3) vs. controls (49.7 seconds, range 38.6-128.6) (p=0.04, accounting for age). Slower MULES times were 
associated with increased PD motor symptom severity as measured by the Unified Parkinson’s Disease Rating Scale 
(UPDRS) (rs=0.40, p=0.01). Age, gender, primary language, and disease duration did not predict MULES scores in 
PD patients. 
Conclusions: The MULES captures an extensive visual network, including many aspects of vision, that can be 
abnormal in PD. This study demonstrates that MULES performance is reduced in PD and may reflect the degree of 
motor impairment. As such, MULES is a potentially useful performance assessment tool in PD. 

833 
The SUNRISE-PD Study, a clinical trial of AXO-LENTI-PD: a CNS-directed gene therapy for the treatment 
of Parkinson’s Disease 
G. Corcoran, P. Korner, J. Wright, Y. Mo, J. Benoit, K. Binley, J. Miskin, N. Tuckwell, D. Zamoryakhin, T. Foltynie, 
R. Barker, K. Mitrophanous, S. Palfi (New York, NY, USA) 
Objective: This presentation will provide an overview of the design and key objectives of the SUNRISE-PD study. 
Background: Parkinson’s disease (PD) is caused in part, by the progressive degeneration of dopaminergic neurons 
in the substantia nigra. The standard of care, L-dopa, is highly efficacious but long-term use is complicated by motor 
fluctuations from intermittent stimulation of dopamine receptors and off-target effects. Therefore, a therapy that 
provides a localized and continuous supply of dopamine to the area of greatest loss in PD, namely the putamen, 
offers the potential for reduced motor fluctuations and off-target effects for these patients. 
Methods: AXO-Lenti-PD is a novel gene therapy that delivers three genes which are critical for de novo dopamine 
biosynthesis, to the putamen, using a high-capacity lentiviral vector. Transduced neuronal cells produce continuous 
dopamine from endogenous tyrosine in the striatum. 
Results: The first-generation construct of this product (known as OXB-101) was found to be well-tolerated 
throughout administration and long-term follow up with all patients displaying some improvement in the UPDRS 
part III off score, which was sustained in some patients up to six years. 
To further increase the potency of this construct, the second-generation product, AXO-Lenti-PD, was developed, 
utilizing the same genes but in a different configuration that allows for increased dopamine production per 
genetically modified cell. 
AXO-Lenti-PD is being investigated in the two-part SUNRISE-PD study, comprised of a dose-ranging phase to 
confirm the optimal therapeutic dose (building on first-generation product data), followed by a sham-controlled trial 
to assess the safety and efficacy of the optimal dose from the first part of the study. 
Conclusions: AXO-Lenti-PD is a lentiviral gene therapy for the treatment of Parkinson’s disease delivering the 
three genes necessary for endogenous dopamine synthesis directly to the putamen. It is being evaluated in the 
ongoing SUNRISE-PD study, comprised of a dose-ranging part to determine the optimal dose and a sham-controlled 
part to assess the efficacy and safety of that dose. 
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834 
Quantitative straight and circular walking parameters for detecting ON and OFF medication states in early 
PD 
M.F. Corrà, N. Vila-Chã, J. Damasio, S. Duarte, A. Sardoreira-Bràs, P. Salgado, M. Calejo, C. Hansen, H. Minh 
Pham, R. Magalhães, M. Correia, W. Maetzler, L. Maia (Porto, Portugal) 
Objective: To determine gait parameters that differentiate between ON and OFF medication states using mobile 
health technology (one device at the lower back) in a group of early Parkinson’s disease (PD, Hoehn&Yahr stage <= 
2) patients. 
Background: Early PD patients often show slight motor impairment that is difficult to evaluate by clinicians. 
Mobile health technology may have the potential to detect these changes and allow easy disease monitoring1. We 
investigated the potential of mobile health technology-derived straight and circular walking parameters to 
differentiate between ON and OFF medication state. 
Methods: A group of 45 PD patients (20 females) underwent clinical (MDS-UPDRS-III) and mobile device 
(Hasomed, Magdeburg, Germany)-based assessment under ON and OFF medication conditions. They performed a 
straight (20m, preferred pace) and circular walking task (1080° around a circle2). The following straight and circular 
walking parameters were analyzed using validated algorithms: step, stride, stance, swing and double support times, 
variability and asymmetry. 
Results: The mean age of the group was 67 (±9) years and the mean disease duration was 7 (±5) years. Mean MDS-
UPDRS-III score during OFF was 25 (±10) and 14 (±8) during ON medication condition. None of the straight 
walking parameters differentiated significantly between the ON and OFF conditions. In the circular walking 
condition, stride (p=0.007), stance (p=0.009) and swing time (p=0.006) were significantly different between the 
conditions. The ROC curve analysis including these parameters showed an area under the curve (AUC) of 0.63 for 
the differentiation between ON and OFF. 
Conclusions: Our preliminary results show that especially parameters extracted from circular walking by use of a 
single mobile device at the lower back are useful for determining treatment effects in early PD. We will investigate 
these effects in more detail in a growing sample and also test whether a combination of straight and circular walking 
parameters may further improve the AUC for the differentiation between ON and OFF medication conditions. 
References: 1 Matias R, et al. A Perspective on Wearable Sensor Measurements and Data Science for Parkinson's 
Disease. Front Neurol. 2017;8:677. 2 Micó-Amigo ME, et al. Potential Markers of Progression in Idiopathic 
Parkinson’s Disease Derived from assessment of circular gait with a single-body-fixed-sensor: a 5 years longitudinal 
study. Front in Human Neurosc. 2019;13(59). 

836 
Comparative Grey and White Matter Tau Pathology in LBD and PSP using Digital Histologic Measurements 
D. Coughlin, C. Petersen, R. Lobrovich, D. Wolk, A. Siderowf, D. Weintraub, E. Lee, J. Trojanowski, M. Grossman, 
D. Irwin (Philadelphia, PA, USA) 
Objective: To compare the regional distribution of cortical tau pathology between Lewy body disorders (LBD: 
Parkinson’s disease and dementia with Lewy bodies (DLB)) and progressive supranuclear palsy (PSP) using digital 
histologic measurements in grey and white matter (GM and WM). 
Background: Alpha-synuclein is the primary pathology in LBD; however, half of LBD patients have moderate to 
severe Alzheimer’s disease (AD) at autopsy, which is associated with decreased survival and faster time to 
dementia. Tau is the primary pathology in PSP, but there are few studies of the distribution of tau in PSP, and no 
direct comparisons to clinically similar LBD. 
Methods: 10 neuropathological cases of PSP with focal cognitive deficits (5: primary progressive aphasia, 5 
behavioral variant FTD) and 20 cases of LBD with Medium/high AD neuropathologic change were selected 
(LBD+AD: 12 DLB and 8 PDD). Sections from angular gyrus (ANG), superior temporal gyrus (STC), and mid-
frontal gyrus (MFC) were stained for tau (AT8).Lamina slide scanning system and Halo digital image software 
v1.90 calculated percentage area occupied (%AO) of tau in GM and WM. %AO was natural log-transformed (ln) to 

This article is protected by copyright. All rights reserved.



obtain normal distribution. T-tests compared regional GM and WM tau between LBD+AD and PSP and within 
LBD+AD and PSP. 
Results: LBD+AD and PSP had equivalent GM tau%AO (LBD+AD ln tau%AO mean(SD):-0.58(1.84) PSP:-
1.21(1.5), p=0.4). STC had the highest GM tau%AO in LBD+AD (STC: 0.38(2.24) ANG:-0.73(1.90), MFC:-
1.40(1.98). p<0.001 for both) which was also higher than PSP (PSP STC:-1.82(1.99), p=0.02). ANG had the highest 
GM tau%AO (ANG:-1.17(1.89)), but not significantly greater than STC or MFC (p>0.05). WM tau burden was 
higher in PSP than LBD+AD (LBD+AD:-1.63(1.59) PSP:-3.00(1.12). p=0.01). WM burden was highest in STC in 
LBD+AD (STC:-2.25(1.38) ANG:-3.15(1.38), MFC: -3.59(1.22), p<0.001 for each) which was equivalent to PSP, 
but all other regions had higher WM tau%AO in PSP (MFC:-1.65(1.61) p<0.01 ANG:-1.86(1.41), p=0.03). 
Conclusions: In this pilot study comparing tau pathology between LBD+AD and PSP using digital histology, we 
found selectively greater GM tau burden in LBD+AD than PSP in the STC. WM tau pathology was more severe in 
PSP than LBD+AD in all other regions.  Further studies will elucidate the consequences of these distinct regional 
patters of tau pathology for disease progression, survival and in vivo clinical manifestations of disease. 

837 
Neuroanatomical and clinical predictors of pain in patients with early de novo Parkinson’s disease 
O. Cousins, H. Wilson, T. Yousaf, S. Caminiti, M. Politis (London, United Kingdom) 
Objective: We investigated associations between clinical features, neuroanatomical changes and pain in early de 
novo Parkinson’s disease (PD) patients. 
Background: Pain is a common and troublesome symptom encountered by PD patients. Being able to identify 
patients at risk of developing chronic pain could lead to improvements in management. 
Methods: The Parkinson's Progression Markers Initiative database was utilised to identify 421 patients. They were 
grouped based on the presence of persistent pain - defined as pain at all assessments (follow up range 3-60 months). 
We explored neuroanatomical differences between those with (n=53) and without (n=368) persistent pain using 
voxel-based morphometry (VBM) performed on their baseline MRI brain scan. Furthermore, associations between 
baseline clinical features and persistent pain were evaluated. 
Results: The presence of persistent pain was associated with areas of volumetric loss. The regions of strongest 
correlation were the raphe nuclei (r=-0.164; P=0.001), pontis oralis (r=-0.158; P=0.002), and locus coeruleus (r=-
0.131; P=0.01). These results remained significant with age as a covariate. Persistent pain was associated with 
increased severity of fatigue (r=0.240; P<0.001), light headedness (r=0.147; P=0.003), sleep disturbance (r=0.133; 
P=0.006) and apathy (r=0.127; P=0.009) at baseline assessment. There was no correlation with baseline motor 
assessment. 
Conclusions: This study demonstrates that PD patients with persistent pain have atrophy in the raphe nuclei, pontis 
oralis and locus coeruleus. These brain regions have known importance for the descending control of pain. They are 
also important for sleep regulation, which is of particular interest given the association between early sleep 
disturbance and persistent pain identified in this study. Identifying predictive factors for the development of chronic 
pain in PD could enable targeted management for at risk patients. 
 
This abstract has also been submitted for presentation at the European Academy of Neurology Congress June 2019. 

838 
Role of microRNA-153 and -223 in Parkinson disease 
M. Cressatti, W. Song, L. Jawura, J. Galindez, O. Canie, A. Velly, M. Gornitsky, H. Schipper (Montreal, QC, 
Canada) 
Objective: To assess the therapeutic and diagnostic potential of microRNA (miR)-153 and miR-223 in mice and 
humans with parkinsonism. 
Background: Dysregulated miRNAs play a major role in developmental brain disorders, normal aging and various 
neurodegenerative conditions, including Parkinson disease (PD). These short noncoding RNA species bind to the 3’ 
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untranslated region (3’-UTR) of target genes, resulting in targeted mRNA cleavage and protein translation 
repression. A recent study employing miRNA microchip assays on HMOX1- and sham-transfected primary rat 
astroglia showed that altered expression profiles of salient miRNAs and their mRNA targets contribute to neural 
damage accruing from the overexpression of glial heme oxygenase-1 (HO-1). HO-1, a stress protein that catalyzes 
the conversion of heme to biliverdin, carbon monoxide and free ferrous iron, has been implicated in PD 
pathogenesis. 
Methods: The advent of parkinsonian transgenic GFAP.HMOX1 mice, engineered to overexpress the human HO-1 
gene (HMOX1) in astrocytes between 8.5 and 19 months of age, has facilitated our investigation of key miRNAs 
implicated in PD. The latter include miRNAs impacting neurodegenerative processes (oxidative stress, apoptosis, 
autophagy) and, more specifically, the hallmarks of PD (dopaminergic neuron degeneration, alpha-synuclein 
aggregation). Expression levels were measured by reverse transcriptase, quantitative PCR in mouse brain tissue and 
serum as well as human saliva (unstimulated). 
Results: Downstream of HO-1 overexpression, miR-153 and miR-223 were found to directly regulate alpha-
synuclein. MiR-153 and miR-223 were significantly downregulated in GFAP.HMOX1 basal ganglia, correlating 
with increased alpha-synuclein mRNA and protein. Additionally, serum concentrations of both miRNAs 
progressively declined in the wild-type (WT) and GFAP.HMOX1 mice between 11 and 19 months of age. At each 
time point surveyed, circulating levels of miR-153 were significantly lower in TG animals compared to WT 
controls. Moreover, in a diagnostic trial (n = 166), miR-153 and miR-223 were similarly decreased in the saliva of 
human PD subjects compared to healthy controls. 
Conclusions: These findings underscore HO-1-mediated perturbations in brain and peripheral miRNA expression 
profiles as a driver of PD neuropathology and implicate glial HO-1, miR-153 and miR-223 as potential diagnostic 
markers and targets for disease-modifying therapy in this condition. 

839 
Attentional Intervention to Improve Cognition and Gait in Parkinson’s Disease: Side of Onset Effects 
A. Cronin-Golomb, O. Barthelemy, A. Marin, B. Davis, S. Alshuaib, T. Ellis, J. DeGutis (Boston, MA, USA) 
Objective: To establish whether home-based computerized attentional training would improve cognition, gait, and 
function in Parkinson’s disease (PD). 
Background: Impairments in cognition and gait are common in PD and greatly affect everyday functioning and 
quality of life. Prior cognitive training studies have demonstrated selective improvements that do not transfer to 
other cognitive or functional domains. We targeted basic-level sustained attention and executive functions such as 
inhibitory control in order to broaden improvements [1]. 
Methods: We conducted 4 weeks of Tonic and Phasic Attention Training (36 min/day, 4 days/week) with the goal 
of reducing cognitive, gait, motor, and functional symptoms. Performance was assessed pre- and post-training and 
after a 4-week no-contact period. Because this attentional training program is most effective in individuals with 
right-hemisphere brain injuries [2, 3], we predicted that those with left side of PD motor symptom onset (LPD; 
predominant right-hemisphere pathology) would improve more than those with right side onset (RPD; predominant 
left-hemisphere pathology).  We assessed 7 LPD and 9 RPD. 
Results: Cognitive tests: The training group improved on near-transfer (e.g., span) and far-transfer cognitive tasks 
(e.g., learning and delayed recall) (no LPD-RPD difference). Gait and functional symptoms: On the UPDRS, there 
was significant improvement on Postural Instability and Gait Difficulty (PIGD), and trends for improvements on the 
Nontremor score and 10-meter walk cognitive dual-task (counting backwards by 3). There was no improvement in 
mood, sleep, or daytime sleepiness. Notably, only LPD improved on the UPDRS Motor score, Nontremor score and 
PIGD score. The 5-point improvement in LPD is nearly twice the threshold for clinically meaningful improvements 
on the UPDRS motor subscale. 
Conclusions: The results suggest that training attention can potentially generalize to improvements in several 
domains of cognition and in gait (including dual-tasking) in PD in general, as well as reducing disease severity 
(motor symptoms, non-tremor symptoms, PIGD) specifically in LPD. The PIGD finding may reflect the “posture 
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second” tendency of persons with PD at baseline [4], with enhanced post-training attention devoted to posture and 
gait. 
References: [1] DeGutis J, Grosso M, VanVleet T, Esterman M, Pistorino L, Cronin-Golomb A (2016). Sustained 
attention training reduces spatial bias in Parkinson’s disease: A pilot case series. Neurocase, 22, 179-186. [2] 
DeGutis JM & Van Vleet TM (2010). Tonic and phasic alertness training: A novel behavioral therapy to improve 
spatial and non-spatial attention in patients with hemispatial neglect. Frontiers in Human Neuroscience, 4, pi:60. [3] 
Van Vleet TM et al. (2011). Modulation of non-spatial attention and the global/local processing bias. 
Neuropsychologia, 49, 352-359. [4] Bloem BR, Grimbergen YA, van Dijk JG, & Munneke M (2006). The “posture 
second” strategy: a review of wrong priorities in Parkinson's disease. Journal of the Neurological Sciences, 248, 
196-204. 

840 
Nutritional status in patients with Parkinson's disease and its relationship with the motor phenotype. 
R. CRUZ, J. BALDERAS, C. NAVARRO, L. ZUAZUA, M. RODRIGUEZ, A. CERVANTES (MEXICO CITY, Mexico) 
Objective: To determine the nutritional status in patients with Parkinson's disease and to relate it to the motor 
phenotype. 
Background: Parkinson disease (PD) is a systemic disease manifesting with cardinal motor symptoms,  as well as a 
series of nonmotor symptoms.1,2 Due to the nature of the disease, it has been reported that people with PD are at a 
higher risk of malnutrition than others of the same age.3   Influences nutritional status the neuropsychiatric 
symptoms, pharmaceutical therapy used, and dyskinesias  have been found to contribute to decreased food intake, 
increase energy expenditure, too severity of the disease, and other common non-motor  symptoms of PD. 4 The Mini 
Nutritional Assessment (MNA) is a nutrition screening tool, which determines patient's nutritional status.5 
Methods: Transversal descriptive study, 95 patients diagnosed with Parkinson's disease in different states of Hoehn 
and Yarh, were evaluated and the motor phenotype was determined through the unified scale of evaluation of 
Parkinson's Disease, as well as the severity of the disease, the nutritional status through the MNA, the cognitive 
status with Cognitive evaluation of Montreal (MOCA). The variables were analyzed with Chi square test, and T test 
and ANOVA test were used to assess the relationship between motor phenotype and nutritional status. 
Results: 55.8% were diagnosed with normal nutritional status, 35.8%  were at risk of malnutrition and 8.4 % were 
malnourished according to MNA.  According to the chi-square test, there were no statistically significant results in 
relation to nutritional status with the motor phenotype with a p-value of 0.147. In the relationship of nutritional 
status and the stage of Hoehn and Yahr the Chi-square test there was statistical significance with a value of P 0.001 
showed a significant increase as the disease progressed.  There was no statistically significant difference in relation 
to nutritional status with age, gender, time of evolution of the disease or the equivalent daily dose of levodopa when 
analyzing this population.  (Table1) 
Conclusions: There was no statistically significant difference in relation to the motor phenotype and nutritional 
status, but there was a relationship between the body mass index and the nutritional status. There was a statistically 
significant difference between the nutritional status and the clinical stage of Hoehn and Yahr. 
References: 1. Chaudhuri, K. R., and Schapira, A. H. (2009).Non-motor symptoms of Parkinson’s disease: 
dopaminergic pathophysiology and treatment. Lancet Neurol. 8,464–474. 2. Walker RW, Dunn JR, & Gray WK 
(2011) Self-reported dysphagia and its correlates within a prevalent population of people with Parkinson’s disease. 
Dysphagia, 26, 92-96. 3. Malnutrition Advisory Group. Guidelines for Detection and Management of Malnutrition. 
Maidenhead, UK: British Association for Parenteral and Enteral Nutrition (BAPEN); 2000. 4. Sheard, J. M., Ash, S., 
Silburn, P. A., & Kerr, G. K. (2011). Prevalence of malnutrition in Parkinson’s disease: a systematic review. 
Nutrition Reviews, 69(9), 520–532. 5. Guigoz Y. The Mini Nutritional Assessment (MNA) review of the literature--
What does it tell us? The Journal of Nutrition Health and Aging 2006;10(6):466-85; discussion 485-7 
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841 
Dry eye in Parkinson’s disease: symptoms, consequences and treatment options 
I. Csoti, N. Koleva-Alazeh (Leun, Germany) 
Objective: Dry eye is a common side effect of PD/PSP and easily manageable, yet its occurrence and debilitating 
ramifications are often unrecognized. The aim of this paper is to explore and thus provide a comprehensive 
overview of symptoms, consequences and very general treatment options for colleagues and patients alike. 
Background: Patients with Parkinson's disease (PD) and progressive supranuclear palsy (PSP) suffer from 
keratoconjunctivitis sicca, also called dry eye (DE) due to rare blinking, reduced tear production and altered 
composition of tear fluid. This is caused by a physiological dysfunction of the tear drainage. In later stages this can 
lead to severe visual disturbances with a profound negative impact on quality of life. Therefore early intervention is 
paramount. If dry eye symptoms are properly recognized during neurological examination patients can be informed 
accordingly. 
Methods: Symptoms of dry eye, especially visual disturbances, where identified during admission interviews and 
examinations of patients with PD and PSP. The questionnaire on non-motor symptoms in Parkinson's (Nonmotor 
Symptoms Questionnaire/ (NMSQuest) can be employed to identify dry eye. Treatment was initiated and included 
artificial tear substitute, ointments or gels. Cases of chronic inflammation of the eyelids were counselled on self-care 
measures. Frequent check-ups with an ophthalmologist (Sicca Consultation) were always recommended. 
Results: Symptoms had a severe negative impact on the quality of life in both patient groups. Artificial tear 
substitute was already a big relief for many patients and this treatment alone even led to a significant improvement 
in regards to the spontaneous occlusion of the eyelids (apraxia of the eyelid) in on case of PSP. The negative impact 
on everyday functioning and quality of life was most notably caused by sensory impairments, visual disturbances 
and affected edges of the eyelids. 
Conclusions: Consistent treatment with artificial tear substitutes, heat, cortisone/cyclosporine or surgery (in severe 
cases) as well as eye (muscle) training can lead to significant improvements in everyday functioning and overall 
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quality of life.  In addition to heightened attention in neurological diagnostic, close collaboration with ophthalmic 
colleagues is imperative. 

842 
Cerebellar transcranial magnetic stimulation with neuronavigation for postural instability in PSP 
M. Dale, M. George, W. DeVries (Charleston, SC, USA) 
Objective: We created a TMS protocol for paired-pulse cerebellar-M1 stimulation and repetitive cerebellar 
stimulation to augment cerebellar-brain inhibition and reduce postural instability in progressive supranuclear palsy 
(PSP). 
Background: The cerebellum inhibits the motor cortex along the cerebello-thalamo-cortical pathway for normal 
postural reflexive motor control. This normal inhibition, called cerebellar-brain inhibition (CBI), is diminished in 
PSP (1, 2). Methods for targeting this pathway using paired-pulse cerebellar-M1 and cerebellar repetitive 
stimulation are inconsistent (3). Coil types used are variable, and MRI-guided stimulation (neuronavigation) is 
variably used. 
Methods: We positioned a portable Polaris Vicra on an elevated tripod to the subject’s right. With Brainsight2 the 
camera was able to detect the subject tracker (positioned on a band in the right frontal region) and 2 coil trackers 
(figure-of-8 over the left M1 and double cone over the right cerebellum, each with bent bars rotated toward the 
camera). 2 arms were affixed to the back of the chair for the coils. Prior to CBI testing, resting motor thresholds 
(RMTs) with specific machine outputs were obtained from all 3 calibrated coils (70mm figure-of-8 with Magstim 
Bistim2 for the test pulse, 110mm double cone with Magstim Bistim2 for the cerebellar conditioning pulse, and 
70mm air-cooled figure-of-8 coil with MagStim Rapid2 for rTMS treatment). For CBI the bistim was uncoupled and 
connected to a digimeter to deliver pulses at 90% RMT at 0, 3, 5, 8, and 10 ms. During extended cerebellar rTMS 
treatments the patient leaned forward on a firm wedge with his head turned to the right. 
Results: After 10 4,000-pulse sessions of 10Hz cerebellar rTMS, the average motor evoked potential decreased 
from 1.41 to 0.71 at the 5ms cerebellar-M1 interstimulus interval, representing a 50% augmentation of CBI. 
Conclusions: Augmenting cerebellar-brain inhibition in PSP is feasible and tolerable, but careful attention must be 
paid to tracker and camera orientation for consistent cerebellar and M1 targeting, and separate RMT measurement is 
needed for all coil types and stimulators used. Widely available cooled double cone coils and double cone sham 
coils are needed. 
References: 1. Shirota Y, Hamada M, Hanajima R, Terao Y, Matsumoto H, Ohminami S, Tsuji S, Ugawa Y. 
Cerebellar dysfunction in progressive supranuclear palsy: a transcranial magnetic stimulation study. Mov Disord. 
2010 Oct 30;25(2413-9). 2. Brusa L, Ponzo V, Mastropasqua C, Picazio S, Bonnì S, Di Lorenzo F, Iani C, Stefani 
A, Stanzione P, Caltagirone C, Bozzali M, Koch G. Theta burst stimulation modulates cerebellar-cortical 
connectivity in patients with progressive supranuclear palsy. Brain Stimul. 2014 Jan Feb;7(1):29-35. 3. Van Dun K, 
Bodranghien F, Manto M, Marien P. Targeting the cerebellum by noninvasive neurostimulation: a review. 
Cerebellum 2017 (16):695-741. 
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843 
Bumetanide to treat Parkinson’s disease patients suffering from freezing of gait resistant to both dopamine 
replacement treatment and subthalamic deep brain stimulation: an open-label pilot study (BumFOG) 
P. Damier, W. kamel, J. Al Hashel (Nantes, France) 
Objective: to investigate the effects of bumetanide in  Parkinson's disease (PD) patients suffering from freezing of 
gait (FOG) resistant to dopamine replacement therapy and subthalamic (STN) DBS. 
Background: FOG is one of the disabling complication in PD for which therapeutic options are still limited.A 
recent experimental study found that bumetanide ,a selective antagonist of the chloride importer NKCCC1,blocks 
Gigantic GABAergic Currents  (GGCs) of the striatal medium spiny GABAergic and subsequently improves motor 
symptoms in PD animal models(Lozovaya et al.,2018).Open -label observations suggested that Bumetenide might 
improve FOG in PD(Damier et al.,2016). 
Methods: Primary outcome measure:change in the number of steps and the completion time during the stand-walk-
sit (SWS) test ,performed in OFF and ON-drug stage .Secondary outcome measures: MDS-UPDRS III,Giladi’s 
questionnaire , patients’ 2 week falls diary,Blood potassium. 
Results: Six PD patients treated by STN DBS and suffering from disabling FOG were included (age 61 ± 12 yrs, 4 
males, disease duration 23 ± 7 yrs, duration of STN DBS 9.6 ± 2.9 yrs, with good to excellent improvement (CGI-
Patient) 1 yr after lead implantation, dopamine replacement treatment 640 ± 310 mg LED .Bumetanide was titrated 
until 1 mg bid.All patients complained from a polyuria leading two patients to withdraw from the trial.  Potassium 
decreased after 1-month bumetanide treatment (from 3.9 ± 0.3 to 3.6 ± 0.5) without reaching values < 2.5 
meq/l.After 3 months of bumetanide treatment: SWS completion time performed in the OFF-drug stage decreased 
(49.2 ± 23.2 s vs. 61.2 ± 20.6 s at baseline , p=0.03)and gait assessed on the Giladi’s questionnaire improved  (7.6 ± 
3.5 vs. 14.6 ±1.5). No significant changes on the MDS-UPDRS III in the OFF or ON-drug condition were observed. 
Conclusions: This pilot study found that bumetanide improves FOG resistant to dopamine replacement treatment 
and DBS in PD.These results call for a double-blind placebo controlled study. 
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844 
The impact of medication and deep brain stimulation on visuo-motor coordination in Parkinson’s disease 
J. Daneault, A. Sadikot, B. Carignan, M. Panisset, C. Duval (Newark, NJ, USA) 
Objective: The results presented herein are part of a larger study looking at the impact of medication and deep brain 
stimulation (DBS) on voluntary and involuntary movements in patients with Parkinson’s disease (PD). Here, we 
explore the impact of those treatments on visuo-motor coordination during the performance of a manual tracking 
task. 
Background: Dopamine replacement therapy is the gold standard for the treatment of PD. In addition to reducing 
the severity of motor symptoms, medication can improve functional tasks. However, as the disease progresses, 
medications are no longer as effective and can lead to debilitating side-effects. Thus, some patients undergo DBS to 
better manage their symptoms. 
Methods: We recruited a prospective cohort of patients with PD scheduled for bilateral subthalamic (STN) DBS. 
Here we present the results of 17 patients that completed all the pre- and post-surgery data collection where they 
were asked to perform a manual tracking task lasting 55s. Patients were seated with their right arm bent by their 
side. They were holding a ball which was connected to an angular displacement sensor that controlled a line on a 
computer screen. Patients were told to match the position of a line that was moving pseudo-randomly from left to 
right by doing pronation/supination movements. They performed the baseline tests off and on meds prior to surgery. 
The post-surgery tests were performed at least 6 months postoperatively. Those tests were performed on meds/on 
stim, on meds/off stim, off meds/on stim, off meds/off stim, off meds/on stim of right side only, and off meds/on 
stim of left side only. 
Results: The error observed in the off meds/off stim condition was statistically greater than in several conditions: 
pre-surgery on meds, off meds/on stim, on meds/on stim, and off meds/on stim of left side only (p<0.05). These 
statistically significant differences were observed for the magnitude of the total error, magnitude of the error in the 
slow segments, and magnitude of the error in the fast segments. 
Conclusions: Both medication and STN DBS improve visuo-motor coordination in patients with PD. However, 
there does not seem to be additive effects of medication and DBS postoperatively such that performance is not better 
than pre-surgery on meds. Unilateral stimulation also appears to be most effective contralateral to the movement. 

845 
Beyond the Periphery: Central Auditory Processing in Parkinsonian Disorders 
E. De Groote, K. De Keyser, A. Bockstael, D. Botteldooren, P. Santens, M. De Letter (Ghent, Belgium) 
Objective: This systematic review provides an overview of behavioral and event-related potential (ERP) studies 
investigating central auditory processing in patients with Parkinson’s disease (PD), progressive supranuclear palsy 
(PSP) and multiple system atrophy (MSA). 
Background: Increasing evidence shows that altered auditory processing needs to be considered in the sensory-
perceptual spectrum of parkinsonian disorders. Auditory alterations in are an important issue, as they are likely to 
contribute to the well-known communication deficits in parkinsonian disorders, which have a profound impact on 
the wellbeing of patients and their caregivers. To date, it is unclear which behavioral and neurophysiological 
correlates are associated with altered central auditory processing in parkinsonian disorders. 
Methods: The process of a systematic review as described by the Cochrane Handbook for Systematic Reviews of 
Interventions was followed. A total of 7 682 records were retrieved from four databases (MEDLINE, PubMed, Web 
of Science and Cochrane Library), and 84 studies met the criteria to be included in this review. 
Results: Literature on auditory processing in PD was extensive (n = 76), whereas auditory processing in PSP (n = 9) 
and MSA (n = 5) has been studied less frequently. In PD, the data yielded three main results. First, psychoacoustic 
experiments suggested a dissociation between the perception of intensity and duration, which appeared to be 
abnormal, and preserved perceptual processing of pitch. Second, patients with PD showed impaired auditory 
brainstem processing at both the behavioral and neurophysiological level. Third, decreased habituation of 
subcortical and cortical auditory ERPs indicated disturbed auditory gating in PD. Notably, the auditory alterations 
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did not appear to affect speech perception. In PSP, prolonged and/or attenuated auditory ERPs have been found at 
the brainstem, subcortical and cortical level, including altered cortical responses to unexpected deviant tones. In 
MSA, one behavioral study demonstrated abnormal temporal auditory perception, whereas neurophysiological 
studies have not shown clear auditory alterations. 
Conclusions: This systematic review confirms distinct alterations of central auditory processing in parkinsonian 
disorders. However, our current understanding of central auditory processing in parkinsonian disorders is far from 
complete and warrants further investigation, especially in PSP and MSA. 

846 
Comprehensive clinico-pathophysiological assessment of constipation in Parkinson’s disease 
E. De Pablo-Fernandez, V. Passananti, N. Zárate-López, A. Emmanuel, T. Warner (London, United Kingdom) 
Objective: To perform a comprehensive assessment of constipation in Parkinson’s disease (PD) using various 
complementary diagnostic techniques to elucidate its pathophysiology and improve its symptomatic management 
Background: Despite the contribution to the non-motor clinical burden and potential role in PD pathogenesis, the 
pathophysiological mechanisms of constipation in PD are poorly understood. 
Methods: Patients with a diagnosis of PD according to the UK Brain Bank criteria and complaints of constipation 
were recruited from a PD specialist clinic between 2016-2018. Demographic and clinical features of PD and 
medications were recorded. Participants were evaluated with validated clinical questionnaires to assess constipation 
severity, colonic transit studies, high-resolution anorectal manometry and MRI defecography. 
Results: 42 patients (69% male; age 68 ± 8 years; disease duration 11 ± 6 years) were included. 33 (78.6%) had 
objective constipation defined by < 3 bowel movements/week or straining. Severity of constipation correlated with 
severity of disease (HY stage), motor (MDS-UPDRS) and non-motor symptoms (NMSQ) but not with age, disease 
duration or PD medications. 15 patients underwent assessment of slow transit and anorectal function (high-
resolution anorectal manometry and/or MRI defecography). A combination of both delayed colonic transit and 
anorectal dysfunction was the pattern most commonly found (60%) and overall anorectal dysfunction was more 
prevalent than isolated slow transit constipation. Abnormal physiological findings were heterogeneous including 
reduced colonic motility, rectal hyposensitivity and defecatory dyssynergia. 
Conclusions: Multiple complex overlapping pathophysiological mechanisms are responsible of constipation in PD. 
Several complementary investigations are required for a systematic assessment and symptomatic management 
should be guided by the underlying pathophysiological abnormalities in those with refractory symptoms. 
References: Fasano A, Visanji NP, Liu, LW, Lang AE, Pfeiffer RF. Gastrointestinal dysfunction in Parkinson's 
disease. Lancet Neurol 2015;14(6):625-639. Knudsen K, Krogh K, Ostergaard K, Borghammer P. Constipation in 
Parkinson's disease: Subjective symptoms, objective markers, and new perspectives. Mov Disord 2017;32(1):94-
105. 

847 
Characteristics of African American Parkinson’s Disease patients seen in a Large Clinic Practice 
M. Dean, M. Patel, K. Barnes, D. Standaert (Birmingham, AL, USA) 
Objective: To describe and compare characteristics of African American (AA) and White Parkinson’s Disease (PD) 
patients seen in a large clinic practice at the University of Alabama at Birmingham (UAB). 
Background: There is limited data regarding the clinical characteristics of AA patients with PD, and this population 
continues to be underrepresented in research studies. Studies with small sample sizes of AA patients have suggested 
that AA patients may present at a later disease stage (1), be less likely to undergo surgical treatment for PD (2), are 
more commonly female (3), and are less likely to have a family history of PD (3). 
Methods: We performed a retrospective chart review on 100 AA and 100 White patients seen a UAB between 
1/1/16 and 1/1/18 that had an ICD10 diagnosis code G20. Patients were grouped according to race as reported in the 
electronic medical record. A chart review by a movement disorder specialist (MND) verified the diagnosis of 
idiopathic PD and data collection. Categorical variables were compared using a chi-squared test. Interval variables 
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were assessed for normality via the Kolmogorov-Smirnov test. Mann-Whitney U test was used for analysis of 
interval variables. Data was analyzed using SPSS version 25.0 (IBM Corp., Armonk, NY). Statistical significance 
was defined as p<0.05. 
Results: There were 67 White and 51 AA patients that were confirmed to have a clinical diagnosis of idiopathic PD 
and included in the analysis.  Gender, age at motor symptom onset, time from onset to diagnosis, family history of 
PD in 1st or 2nd degree relative, and presence of falls were not clinically significant between the two groups. 
However, AA patients had a higher H&Y stage (p=0.020) and were less likely to have had surgical treatment for PD 
(p=0.022) when compared to White patients. 
Conclusions: This larger sample size of AA PD patients suggests that the age at motor symptom onset, time to 
diagnosis, and gender may not be different when compared to White PD patients. Interestingly, as was previously 
reported, AA patients seen in our clinic are less likely to undergo surgical treatment for PD and more likely to 
present at a higher H&Y stage. Further prospective studies are needed to identify explanations for these disparities 
seen in the AA population. 
References: (1) Dahodwala N, Karlawish J, Siderowf A, Duda JE, Mandell DS. Delayed Parkinson's disease 
diagnosis among African-Americans: the role of reporting of disability. Neuroepidemiology. 2011;36(3):150-4. (2) 
Chan AK, McGovern RA, Brown LT, et al. Disparities in Access to Deep Brain Stimulation Surgery for Parkinson 
Disease: Interaction Between African American Race and Medicaid Use. JAMA Neurol. 2014;71(3):291–299. 
doi:10.1001/jamaneurol.2013.5798 (3) Dean M, Barnes K, Standaert D. (2018), Abstracts. Mov Disord., 33: S14-
S117. 

848 
Language disorders in Progressive Supranuclear Palsy: an underestimated condition? 
E. Del Prete, L. Tommasini, D. Frosini, S. Mazzucchi, C. Pagni, U. Bonuccelli, R. Ceravolo (Pisa, Italy) 
Objective: We aimed to investigate executive functions and languages abilities in PSP patients and in Progressive 
Supranuclear Palsy (PSP) subgroups [PSP-Richardson’s Syndrome (PSP-RS) and PSP-non-RS] according to new 
Movement Disorders Society criteria. We also evaluated the relationship between cognitive functions and clinical 
features. 
Background: PSP is characterized by specific neuropsychiatric and cognitive dysfunction. The pattern of early 
cognitive impairment in PSP is usually a dysexecutive frontal syndrome but language domains could also be 
affected. New criteria for clinical diagnosis of PSP have recently been published by the Movement Disorders 
Society. Cognitive dysfunction is now considered one of four core features and speech/language deficit is gaining 
more relevance. Thus, it is increasingly important to obtain a detailed assessment of the cognitive and languages 
disorders. 
Methods: Twenty-two PSP patients underwent cognitive tests assessing attention, executive function [including 
Frontal Assessment Battery (FAB) and Phonemic Fluency Test (FAS)] and different domains of language (pictures 
naming, sentence and single word comprehension, repetition, reading, writing, semantic association and picture 
description). Cognitive and clinical variables including neuropsychiatric features in all groups and between groups 
(PSP-RS and non-RS) were analyzed. 
Results: PSP patients and PSP subgroups (RS and non-RS) showed an impairment, with respect to normative data, 
in frontal functions (respectively, FAB 76,2-78,6-71,4%, FAS 59,1-66,7-42,9%, semantic fluency 40,9-53,3-14,3%) 
and language features (sentences comprehension 27,3-13,3-57,1%, number of verbs/total words 31,8-20,0-57,1%, 
number of subordinates/total sentences in pictures description 36,4-40,0-28,6%).Comparing PSP-RS and PSP-non-
RS significantly worse performances in PSP-RS in oculomotion as expected (p=0.035), semantic fluency (p=0,044), 
and FAS(p=0,039) were found. A significant correlation in all PSP patients between clinical and both executive 
functions and language domains was reported. 
Conclusions: The presence of language disorders could be part of PSP-RS phenotype. In our cohort PSP-RS show 
simplified syntactic structures with paucity of used verbs even if the impairment does not meet criteria for definite 
agrammatism. 
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849 
Do non-motor fluctuations temporarily match ON/OFF motor condition? 
E. Del Prete, E. Schmitt, S. Meoni, V. Fraix, A. Castrioto, P. Pelissier, R. Ceravolo, E. Moro (Grenoble, France) 
Objective: The aim of this study was to explore the relation between non-motor neuropsychological fluctuations, 
identified with the Neuropsychiatric Fluctuation Scale (NFS), and motor fluctuations and dyskinesia, investigated 
with the Parkinson's Kinetigraph (Global Kinetics Corporation: PKG) in Parkinson’s Disease (PD) patients. 
Background: Non-motor fluctuations, including neuropsychiatric fluctuations, are frequent in PD patients with 
motor complication and can be more troublesome and disabling than motor disturbances. The temporal correlation 
between motor and non-motor fluctuation is not yet completely clarified. 
Methods: Non-demented PD patients with motor and non-motor fluctuations were recruited. They were assessed 
using: 1) the NFS (20 items self-administered questionnaire, 10 items for the ON- and 10 for the OFF 
neuropsychiatric states), to identify and quantify neuropsychiatric fluctuation in acute settings; 2) the PKG system, a 
watch-like device, able to detect motor fluctuations and dyskinesia. All patients worn for 6 consecutive days the 
PKG to obtain a 6-day preliminary recording to identify ON and OFF motor periods. Afterwards, each patient 
received the PKG for the second time and was taught to fill in the NFS 3 times/day during the previously identified 
ON and OFF periods. Bradykinesia score (BKS) and dyskinesia score (DKS) were obtained by a specific algorithm 
that elaborated PKG data detected during the 3-day recording. Data of BKS and DKS were collected and analyzed at 
the time when patients filled the NFS. 
Results: In 18 patients, we find a positive correlation between the BKS and NFS OFF subscores (p=0.036, r=0.51), 
whereas no correlation was found between DKS and the NFS ON subscores (p=0.38, r=0.22). Interestingly, NFS 
ON/OFF subscores inversely correlates with each other (p=0.002, r=-0.69) as BKS and DKS (p=0.042, r=-0.49). We 
also found a positive correlation between age and the NFS OFF subscores (p=0.023, r=0.56), and a negative 
correlation with the NFS ON subscores (p=0.024, r=-0.55). 
Conclusions: Our findings show that the non-motor OFF conditions temporarily match the OFF motor fluctuations, 
whereas non-motor ON conditions may not match the ON motor state in PD fluctuating patients. Moreover, the NFS 
can be a useful tool to investigate non-motor fluctuations in patient with motor complications. 

850 
Continuous dopaminergic treatment with levodopa/carbidopa intestinal gel in multiple system atrophy: 
report of three patients 
S. Delalic, S. Ibrulj, N. Zupancic, D. Flisar, M. Trost, Z. Pirtosek, M. Kojovic (Ljubljana, Slovenia) 
Objective: To evaluate the effect of continuous dopaminergic treatment with levodopa/carbidopa intestinal gel 
(LCID) on motor and non-motor symptoms in multiple system atrophy (MSA) patients. 
Background: MSA is a neurodegenerative disease, characterized by progressive autonomic failure, parkinsonism, 
cerebellar and pyramidal features in various combinations. A proportion of MSA patients may show a partial and 
transient response of motor and non-motor symptoms to levodopa. 
Methods: We present three levodopa responsive MSA patients who had additional benefit from LCID treatment. 
Diagnosis of MSA was made by the presence of characteristic clinical features and further supported by typical 
brain MRI findings, abnormal DaTSCAN and characteristic changes on brain FDG-PET. The disease progression 
and treatment effect were ascertained by regular follow-ups, including clinical examination and ratings on motor and 
non-motor scales. 
Results: A 53-year old female with six-years history of MSA-P was started on LCID in May 2017 due to wearing-
off periods on oral levodopa. LCID improved her overall mobility, speech, tremor and painful dystonia. After 20 
months of treatment, prominent worsening of pre-existing polyneuropathy was noted, possibly related to LCID. A 
56-year old female with one-year history of MSA-P was started on LCID in March 2018, due to severe fluctuations 
of motor symptoms, pain and levodopa related dystonic dyskinesias. Low dose of LCID relatively satisfactorily 
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ameliorated her bradyhypokinesia, while reducing dyskinesias. There was also a sustainable effect of LCID on pain. 
A 66-year old female was diagnosed with MSA-C seven years before LCID treatment in June 2018. Oral levodopa 
improved her pain and sleep, but the effect was wearing off after 2 hours. With LCID, she reported reduction of 
daytime pain with favourable effect on sleep. 
Conclusions: Although LCID is not a standard treatment option for atypical parkinsonism, it may be effective for 
selected MSA patients who are responsive to levodopa, but show fluctuations of motor and non-motor symptoms 
and levodopa related dyskinesias. However, effect may be hampered by worsening of pre-existing polyneuropathy 
or emergence of LCID induced polyneuropathy. 

851 
Factors Affecting Mortality in Late Stage Parkinson's Disease 
S. Dempsey, L. McDonald, I. Sayers, W.K. Gray, A. Hand, R. Walker (Newcastle upon Tyne, United Kingdom) 
Objective: To determine the effect of dysphagia and hospital admissions on mortality in late stage Parkinson's 
disease. 
Background: Parkinson’s disease (PD) is a neurodegenerative condition associated with increased mortality. 
Previous research surrounding predictors of mortality has focused on newly diagnosed rather than late stage PD. 
Methods: A prospective study was undertaken with consenting later stage PD patients (Hoehn and Yahr stages III-
V) known to the Northumbria Parkinson’s Service, who were interviewed at baseline and had deaths, hospital and 
care home admissions recorded for 2 years. Dysphagia was assessed with a binary question and using question 2.3 
of the Unified Parkinson’s Disease Rating Scale. 
Results: Of the 162 patients, 36 (22.2%) died during follow-up and 18 patients (11.1%) entered a care home, 
including 10 of the 36 that died. 72.7% (8/11) of patients with a score of 3 (choking episode in the last week) on 
UPDRS 2.3 died compared to 14.9% (7/59) of those with a score of 0 (No swallowing problems) (p =0.0004). 
Similarly, when assessed using the binary question, those with dysphagia had a greater mortality rate (32.6% (15/46) 
vs 17.4% (20/115), p = 0.034, with one patient where the question was not applicable due to PEG feeding). Of those 
with no hospital admissions, 14.9% (14/94) died, compared to 30.0% (3/10) of patients with 2 admissions and 
41.2% (7/17) of those with 3 or more admissions (p = 0.006). 
Conclusions: There was a significant increase in mortality in patients with dysphagia as measured using both 
UPDRS 2.3 and a yes/no question. Patients with hospital admissions showed increased mortality rates, so may 
warrant closer monitoring. The data appears to show increasing mortality with an increasing number of hospital 
admissions, though the number of patients with a large amount of admissions was relatively low. 

852 
Cervical and Lumbosacral Spondylosis is common in patients with Parkinsonism in rural Western India 
 S. Desai (Anand, India) 
Objective: We intended to assess presence of cervical and lumbosacral spondylosis our patients with parkinsonism. 
Background: We have observed that patients with Parkinson’s disease [PD] commonly have associated cervical and 
lumbosacral spondylosis. There is dearth of literature on this co-morbidity of PD. 
Methods: We serially assessed patients with PD attending our movement disorders clinic between January 2015 to 
January 2019 for presence of cervical and lumbosacral spondylosis, spondylolisthesis, lumbar or cervical canal 
stenosis, radiculopathy and/or myelo-radiculopathy.   
Results: Amongst 237 patients [127 males] [mean age 71] with PD who attended the clinic, 151[63.7%] had 
comorbid symptoms related to cervical or lumbar spondylosis. 77 [32.5 %] had associated Cervical radiculopathy, 
49[20.6 %] had cervical spondylotic myelopathy, 147 [62%] had Lumbosacral radiculopathy while 64 [27 %] had 
lumbar canal stenosis. 
Female gender, higher age and obesity were significantly associated with presence of lumbosacral radiculopathy. 
Low body weight, male gender and high age were associated with cervical spondylotic myelo-radiculopathy.  
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Nearly 64 percent patients had spondylotic radiculopathy [cervical/ lumbosacral] while 21 percent patients had 
combined cervical as well as lumbar spondylosis.   Amongst these, 6 patients with cervical disease had undergone 
surgery and only one felt subjective recovery. Amongst patients with lumbar disease, 20 had undergone surgery in 
the past out of which only 5 felt subjective improvement post-surgery.  
Conclusion: Spondylosis and spondylotic radiculopathy / myelo-radiculopathy are common comorbidity of PD. The 
caring of PD also needs assessment and management of spondylosis related complications. Management guidelines 
of PD need to incorporate recommendations on these comorbidities too. 

853 
Serum uric acid levels and cognitive function in Parkinson’s disease 
J. DiFrancisco-Donoghue, W. Werner, B. Krishnamachari, K. Arabian, E. Thomas, D. Granger, R. Gallagher (Old 
Westbury, NY, USA) 
Objective: To compare serum uric acid (sUA) levels in Parkinson’s disease (PD) subjects to cognitive function. 
Background: Reduced sUA levels have been reported in individuals with PD and have been suggested as a risk 
factor for more rapid disease progression. [1-5] sUA is a natural antioxidant in blood and the brain. It can reduce 
brain damage caused by oxidative stress. [3,4] Studies have shown that more than half of the antioxidant capacities 
of humans are derived from sUA. Contrarily, high sUA concentrations have been associated with cognitive 
impairment and vascular dementia in older non-PD individuals. [5,6] This study sought to compare sUA levels to 
the Montreal Cognitive Assessment (MoCA) in individuals with PD. 
Methods: 46 individuals with PD (37 men, 69 y ± 7.7; 9 women 67.7 y ± 8.4) and 14 healthy non-PD (9 men 63y ± 
9.3; 5 women 61.8 y ± 9.5) consented to this study conducted at the NYIT, Adele Smithers Parkinson’s Disease 
program in Old Westbury, NY. Subjects had non fasting sUA levels analyzed and completed the MoCA assessment 
with a health professional. The MoCA assesses cognitive impairment on a scale from zero-30, with a score of 26 or 
higher considered normal. 
Results: sUA was analyzed as a continuous variable. T-tests were used to assess differences between groups for 
continuous variables and Fishers exact tests were used to measure differences in categorical variables. Alpha was set 
to 0.05. The mean sUA was 4.69 ± 1.26 in PD subjects and 5.80 ± 1.30 in controls and the difference was 
statistically significant (p=0.006). When 12 PD cases with a normal cognitive score (>26) were compared to 
controls, the difference in sUA was no longer significant (5.22 ± 0.97, controls 5.80 ± 1.30; p=0.21). However, 34 
PD cases with abnormal cognitive ability (< 26), the difference in sUA was significantly different (4.51, ± 1.31; 
controls 5.80 ± 1.30; p=0.003). 
Conclusions: sUA levels were significantly lower in the PD subjects that demonstrated cognitive decline on the 
MoCA test compared to controls, whereas PD subjects who demonstrated no cognitive decline had similar sUA 
levels as controls. These results support previous research indicating lower sUA levels in PD subjects, but are 
contradictive to what has been demonstrated in non-PD individuals with cognitive decline. Further research is 
needed to understand whether lower sUA causes cognitive decline in PD. 
References: [1] Shen L, Ji HF. Low uric acid levels in patients with Parkinson's disease: evidence from meta-
analysis. BMJ Open. 2013;3(11):e003620. (http://dx.doi.org/10.1136/+bmjopen-2013-003620) [2] Sakuta H, Suzuki 
K, Miyamoto T, et al. Serum uric acid levels in Parkinson's disease and related disorders. Brain Behav. 
2017;7(1):e00598. doi: 10.1002/brb3.598 [3] Yu Z, Zhang S, Wang D, et al. The significance of uric acid in the 
diagnosis and treatment of Parkinson disease: An updated systemic review. Medicine (Baltimore). 
2017;96(45):e8502. doi: 10.1097/MD.0000000000008502 [4] Beydoun MA, Canas JA, Dore GA, et al. Serum Uric 
Acid and Its Association with Longitudinal Cognitive Change Among Urban Adults. J Alzheimers Dis. 
2016;52(4):1415-30. doi:+10.3233/JAD-160028 [5] Zhong LL, Song YQ, Tian XY, Cao H, Ju KJ. Level of uric 
acid and uric acid/creatinine ratios in correlation with stage of Parkinson disease. Medicine (Baltimore). 
2018;97(26):e10967. doi: 10.1097/MD.0000000000010967 [6] Tana C, Ticinesi A, Prati B, Nouvenne A, Meschi T. 
Uric Acid and Cognitive Function in Older Individuals. Nutrients. 2018;10(8) doi: 10.3390/nu10080975 
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855 
Parkinson’s disease and melanoma: a serie of 33 patients 
J. Doridam, M. Nader, A. Melin, M.F. Avril, E. Maubec, B. Degos (Bobigny, France) 
Objective: The objective of our work was to characterize the clinical features of patients with malignant melanoma 
(MM) associated with Parkinson’s disease (PD) and to describe the histopathological aspect of melanoma. 
Background: Several studies have focused on the association between MM and PD [1]. An increased risk of MM 
has been reported, even before the PD diagnosis [2], but without relationship with the use of Levodopa [3]. 
However, characteristics of melanoma are missing . 
Methods: We collected the data of patients cured for MM and parkinsonian syndrome (PS) in three French centers 
between 2002 and 2015. Both diagnoses were verified and available demographic, clinical and histological data and 
outcome have been analyzed. Data are expressed as mean, median or percentage, and SPSS software was used for 
statistical analyzes. 
Results: We identified 33 patients with a male predominance (55%). Median age at melanoma and PS diagnosis 
were respectively 73 and 71 years, with a majority of patients with idiopathic Parkinson’s disease (87%). Most of 
the patients (74.2%) were treated with Levodopa. 
Almost all MM (94%) were cutaneous and located on head and neck (1/3), trunk (1/3) and extremities (1/3), with a 
median Breslow index of 1.1 (stage T2). The MM was diagnosed before the PS for 10 subjects, simultaneous for 2 
subjects, and after PS diagnosis for other subjects. Ten (29%) of these patients relapsed with a median time of 1.5 
year. No genetic mutation has been identified. 
Conclusions: Epidemiological characteristics are those usually found in the parkinsonian syndromes. MM were of 
severe evolutionary form, with a high frequency of relapses. These results could be linked to the recruitment of 
parkinsonian patients who are old people. Further studies are needed to confirm these results, by a gender and age-
matched case-control study including parkinsonian and non-parkinsonian patients with MM. No link between 
occurence of malignant melanoma and Levodopa treatment was found, which joins the data from literature. 
References: 1- J.-D.Vermeij A.WinogrodzkaJ.TripW.E.J.Weber, Parkinson's disease, levodopa-use and the risk of 
melanoma, Parkinsonism and Related Disorders 15 (2009) 551–553 2- Olsen JH1, Friis S, Frederiksen K., 
Malignant melanoma and other types of cancer preceding Parkinson disease, Epidemiology. 2006 Sep;17(5):582-7 
3- Olsen JH, Tangerud K, Wermuth L, Frederiksen K, Friis S, Treatment with levodopa and risk for malignant 
melanoma, Mov Disord. 2007 Jul 15;22(9):1252-7. 

856 
Long-Term Effects of LPS and Alcohol in Rats: A Model of Neuro-Degenerative Disease 
M. Doursout, M. Schiess, J. Campo, Z. Peng, A. Sundaresan, S. Umar (Houston, TX, USA) 
Objective: We postulate alterations of the intestinal barrier (or leaky guts) enhances inflammation, as well as the 
production of alpga (α)-synuclein which has characteristic pathological changes in Parkinson’s Disease (PD). To 
heighten our hypothesis we have developed an animal model of gut injury/permeability by oral administration of 
alcohol followed by lipopolysaccharide (LPS) to enhance absorption. 
Background: The Gut-Brain-Axis may be associated with gastrointestinal manifestations preceding disorders of 
cognitive and/or learning process, supporting the hypothesis the pathological process in PD is spread from the gut to 
the brain. In previous reports, we showed that exposure to lipopolysaccharide (LPS) to rats exhibits many features 
associated with early neurodegeneration, including increases in cytokine production, synthesis of neurotrophins, 
NOS isoforms, α-synuclein aggregates and immune cell infiltration in the olfactory bulb [1,2]. We also discovered 
LPS-induced endotoxicity to be associated with prevalence of Proteobacteria and low proportion of Firmicutes phyla 
suggesting dysbiosis. 
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Methods: To induce gut injury (leaky guts), both alcohol (ethanol) and LPS were administered by gavage. Rats 
were divided into 4 groups. Eight rats were included in each group. Animals of Group 1 received by gavage 40% (5 
g/kg body weight) of alcohol (ethanol; [3] and LPS (2 mg/kg body weight; [4]). 3 gavages were performed per week 
over 1 month. Group 2 received LPS alone and Group 3 received alcohol alone. Finally, Group 4 (control) received 
saline (0.5 ml). All treatments were administered by gavage as described in Group 1.  
Based on previous studies the target size of 8 rats per group have provided 90% power analysis. To assess the 
overall significance, data were analyzed by a one-way or two-way ANOVA, when appropriate, followed by 
Dunnett's post hoc. 
Results: Although LPS did not increase gut permeability, our data show that the combination of LPS and alcohol 
significantly increased the gut permeability by 45% (Figure1).  As depicted in Figure 2, our data show that LPS 
combined with alcohol generated an increase in alpha-synuclein in the gut as compared to control (saline). 
Additional experiments are being performed in the rat’s brain. 
Conclusions: Although our data are preliminary, we are confident we have developed a leaky guts model, leading to 
understand the Gut/Brain Axis modulation in neuro-degenrative diseases such as PD. 
References: [1] Doursout, M.F., et al. Open Neurol J 10:67-76. PMC5009294, 2016 [2] Doursout, M.F. et al. J 
Interferon Cytokine Res 33(7):376-83, 2013 [3] Chang, B., et al. BMC Gastroenterology 13:151. 2013 [4] Inagawa, 
H., et al. Anticancer Research 31: 2431-2436, 2011 
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857 
Abnormal respiratory rate and patterns in MSA 
E. Driver-Dunckley, B. Goodman (Scottsdale, AZ, USA) 
Objective: To evaluate respiratory rate and patterns in patients with Multiple Systems Atrophy (MSA). 
Background: One of the primary clinical features of multiple system atrophy is the development of autonomic 
failure, including failure of adrenergic, thermoregulatory, gastrointestinal, and genitourinary autonomic pathways. 
We have observed abnormal respiratory rate and patterns of respiration in MSA patients. Abnormal respiratory 
control in MSA patients has been demonstrated during sleep studies but has not been well characterized as part of 
the autonomic evaluation of these patients. 
Methods: We reviewed the findings on autonomic testing in patients referred to our autonomic laboratory with a 
clinical diagnosis of MSA. Autonomic testing included heart rate and blood pressure responses to tilt table testing, 
cardiovagal assessment, sudomotor testing, blood pressure responses to the Valsalva maneuver, and assessment of 
respiratory pattern. Assessment of respiratory rate and rhythm was performed utilizing chest and abdominal 
recordings while supine and during head-up tilt table testing. 
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Results: Abnormal respiratory patterns were frequently seen in MSA patients and did not appear to correlate with 
the degree of autonomic failure demonstrated on autonomic testing. Abnormal respiratory patterns included 
tachypnea, ataxic respiratory pattern, and Cheyne-Stokes respiration. None of these patients had previously been 
identified as having abnormal respiratory patterns as part of their illness. 
Conclusions: Abnormal respiratory rate and pattern of respiration occurs in MSA, most likely resulting from 
pathological involvement of brainstem centers involved in respiratory control. These abnormal respiratory patterns 
may have the potential to exacerbate symptoms of orthostatic intolerance by influencing cerebral blood flow. 

858 
Synaptic function in Parkinson’s disease associated with GBA mutations 
T. Eid, R. Bandopadhyay, T. Lashley, J. Hardy, J. Holton, T. Warner, P. Francis (London, United Kingdom) 
Objective: To investigate the pathological substrate of impaired cognition in Parkinson’s disease (PD) associated 
with glucocerebrosidase (GBA) mutation. 
Background: Mutations in glucocerebrosidase gene (GBA), originally implicated in Gaucher's disease, have been 
recognized as a risk factor in PD. These mutations also increase the risk of developing Lewy body dementia which 
includes dementia with Lewy bodies (DLB) and PD dementia (PDD). Currently, there is no clear understanding of 
the mechanistic relationships between GBA mutations and DLB/PDD, although, synaptic protein changes have been 
shown to correlate with cognitive change in AD (Masliah et al., 2001, Vallortigara et al., 2016) and DLB/PDD 
(Whitfield et al., 2014, Vallortigara et al., 2016, Bereczki et al., 2016, 2018). 
Methods: Brain tissue was obtained from the Queen Square and South West Dementia Brain Banks including cases 
with GBA mutations. DNA was extracted from 119 PD cases and screened to identify additional GBA mutations. 
Next synaptic markers were examined in prefrontal and cingulate cortices brain homogenates of 10 controls, 11 
DLB/PDD and 9 non-demented PD cases. PD with GBA mutations (N370S) were selected and divided into 
demented (n=3) and non-demented (n=4). . Selected synaptic proteins (synaptophysin, SNAP25, PSD95, 
neurogranin, Rab3a, VAMP2) and an astrocytic protein (VAMP3) were assayed using western blotting. 
Results: 15 GBA mutation cases including 1 with, N370S were found. Post-synaptic proteins, PSD95 and 
neurogranin were unchanged in any of the groups in either cortical region. Presynaptic proteins, synaptophysin, 
SNAP25, RAB3A and VAMP2 also did not show any significant change in the subgroups compared to control. The 
astrocytic protein VAMP3 was significantly reduced in PD WT (p= 0.0106) compared with control and DLB/PDD 
in prefrontal cortex. VAMP3 was also significantly (p = 0.0265) reduced in both PD WT and DLB/PDD WT 
compared to both of the GBA groups but remained unchanged compared with controls in cingulate cortex. 
Conclusions: Our GBA cases show no change in any of the synaptic proteins investigated compared with control 
suggesting that synaptic changes are unlikely to underlie cognitive impairment in PD with GBA mutation. In 
contrast, VAMP3 levels in astrocytes may be important in the pathology of PD. 
References: (Masliah et al., 2001, Whitfield et al., 2014, Vallortigara et al., 2016, Bereczki et al., 2016, 2018). 
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859 
Striatal dopaminergic regulation of micrographia in parkinsonism 
M. Eklund, J. Joutsa, S. Nuuttila, E. Mäkinen, E. Jaakkola, T. Noponen, T. Ihalainen, M. Koivisto, S. Teperi, F. 
Scheperjans, V. Kaasinen (Turku, Finland) 
Objective: To investigate the role of brain dopamine function in writing and drawing micrographia of patients with 
parkinsonism. 
Background: Micrographia, an abnormally small or progressively decreasing handwriting or drawing, is a common 
symptom in parkinsonism, but it may also occur in other neurodegenerative diseases [1]. The pathological 
mechanism of micrographia is poorly understood although it is likely to be related with dysfunctional basal ganglia 
motor circuits [2]. Levodopa improves micrographia, which suggests that dopaminergic modulation could be 
important. However, brain in vivo dopamine function has not previously been studied in relation to micrographia. 
Methods: Altogether 322 patients with tremor or parkinsonism underwent brain dopamine transporter (DAT) 
[123I]FP-CIT SPECT imaging for diagnostic purposes. Immediately before scanning, the patients provided writing 
and drawing samples. Detailed clinical examinations including MDS-UPDRS part III were performed. Striatal DAT 
binding was analyzed using semi-automated region of interest method. Associations between different types of 
micrographia and DAT binding were analyzed using linear regression models with and without covariates. 
Results: There were significant associations between mean putamen DAT binding and both severity of progressive 
(B=-0.478 [-0.825, -0.130], p=0.007, n=310) and consistent writing micrographia (B=0.006 [0.002, 0,011], p=0.009, 
n=306). However, height of the drawing sample was not associated with mean putamen DAT binding (B=-0.001 [-
0.005, 0.003] p=0.617, n=316). The relationship between DAT binding and writing micrographia remained 
significant when including age, sex, cognition, motor symptom duration and severity as covariates. 
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Conclusions: Striatal dopamine function is associated with writing but not drawing micrographia in patients with 
unclear parkinsonism or tremor. The observed association only with writing, without a similar relationship in 
drawing, suggests a specific interplay between dopamine and motor performance required in handwriting. 
References: [1] Inzelberg R, Plotnik M, Harpaz NK, Flash T. Micrographia, much beyond the writer's hand. 
Parkinsonism Relat Disord. 2016;26:1-9. [2] Wu T, Zhang J, Hallett M, Feng T, Hou Y, Chan P. Neural correlates 
underlying micrographia in Parkinson's disease. Brain. 2016;139(Pt 1):144-60. 

860 
Long-term adherence with wearing a multi-sensor watch in the Personalized Parkinson Project 
L. Evers, R. Kapur, T. v.d. Zande, M. Meinders, B. Bloem, W. Marks, Jr. (Nijmegen, Netherlands) 
Objective: We assessed long-term participant engagement with a multi-sensor watch for continuous daily life 
monitoring among people with Parkinson’s disease. 
Background: Wearable sensors can potentially provide valuable insights into real-life symptoms and function with 
minimal impact on daily life. For longitudinal deployment, maximizing data completeness and minimizing patient 
attrition is essential. 
Methods: The Personalized Parkinson Project is a single-center cohort study that is enrolling 650 persons with 
Parkinson’s Disease (diagnosed <5 years) for two years. In addition to annual in-clinic visits, participants wear a 
wrist-worn device (the Verily Study Watch) for up to 23 hours per day for two years. The Study Watch continuously 
collects various types of physiological and environmental data. During charging (around one hour per day), data are 
transferred to a secure cloud via a cellular internet connection. No other interaction with the watch is required; the 
screen simply displays the time and date. Device use is encouraged by education before study entry, in-person 
instructions at study start, and a helpdesk for troubleshooting. Individual wear time is monitored on an ongoing 
basis, with proactive support provided to those with suboptimal wear times. Participants are kept up-to-date on study 
progress via regular newsletters. 
Results: Currently 225 people have been enrolled (age 62.4±8.8 [mean±SD] years, 66.2% men, MDS-UPDRS part 
III off score 20.7±7.9). The mean wear time of the Study Watch for all participants across the entirety of their study 
participation is 20.8 hours/day, resulting in a cumulative total of over 1 million hours of sensor data thus far. In 
participants who have been enrolled for at least 200 days (n=104), wear time is stable over time [figure1]. Three 
participants dropped out, one related to Study Watch use. In an online survey (n=159), 73% indicated it was pleasant 
to wear the watch, 5% thought it was unpleasant, and 22% responded neutrally. 
Conclusions: It is feasible to achieve stable, high wear times with a multi-sensor watch in the context of a large 
Parkinson’s cohort study, even without provision of individual data back to participants. Probable facilitators are 
high wearing comfort and ease of use of the device, as well as personal support and positive attitude towards the 
study’s objectives and technology used. 
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861 
Real-life gait performance as a marker for motor fluctuations: the Parkinson@home Validation study 
L. Evers, J. Raykov, R. Badawy, K. Claes, M. Meinders, J. Krijthe, T. Heskes, M. Little, B. Bloem (Nijmegen, 
Netherlands) 
Objective: To assess the feasibility of using real-life gait performance derived from a single wearable as a marker 
for motor fluctuations in Parkinson’s disease (PD). 
Background: Wearable movement sensors have been used successfully to characterize bradykinetic gait in PD 
patients, but most studies have been conducted in highly controlled laboratory environments. 
Methods: In the Parkinson@home Validation study we included 25 PD patients with motor fluctuations and 25 age-
matched controls. Participants performed unscripted usual activities at home for at least one hour, while wearing 
sensors on both wrists and ankles, on the lower back and in the front trouser pocket. In PD patients, this was done 
twice: after overnight withdrawal of dopaminergic medication and one hour after medication intake. After pre-
processing the accelerometer signal from each device, gait segments of 25 sec were extracted based on manual video 
annotations. The power spectral density for each segment was estimated using Welch’s method, from which the 
height and width of the dominant frequency and cadence were derived. To be included in the analyses, participants 
needed to have ≥10 gait segments. 
Results: In 18 PD patients (age 64.3±5.7 [mean±SD] years, 11 men, MDS-UPDRS part III off 42.4±14.0) and 24 
controls (age 63.4±10.1 years, 13 men) ≥10 gait segments were available (37±18). The ankle of the most affected 
side was the most responsive position and the height of the dominant frequency was the most responsive property to 
dopaminergic medication (fig1), increasing >1 intra-person SD (iSD) post dose in 11 patients. Interestingly, cadence 
increased >1 iSD in 5 patients, but decreased >1 iSD in 3 patients, possibly pointing to varying compensation 
strategies. Although the width of the dominant frequency did not change >1 iSD in any patient after medication 
intake, it was elevated in PD patients compared to controls (fig2), suggesting relative insensitivity to dopaminergic 
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therapy. The power spectral density during gait was least consistent in the wrist sensors because of real-life 
behavioral factors such as putting hands in pocket and making gestures. 
Conclusions: It is feasible to detect differences between on and off in unscripted gait in PD patients using a single 
device. Future work will address confounders and will include the evaluation of a novel probabilistic and integrative 
approach to gait detection and quantification in daily life [1]. 
References: 1. Y.P. Raykov, L.J.W. Evers, R. Badawy, M.J. Faber, B.R. Bloem, M.A. Little (2018). Probabilistic 
modelling of gait for remote passive monitoring applications. Conference on Neural Information Processing 
Systems (NeurIPS) 2018, Machine Learning for Health Workshop (ML4Health). 
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862 
Hip fracture in patients with a new diagnosis of Parkinson’s Disease – estimating the 5-year risk 
L. Evans, A. Johansen, B. Mohamed, E.C. Thomas (Cardiff, United Kingdom) 
Objective: We set out to quantify the five-year risk of hip fracture for a cohort of 780 patients for whom a new 
diagnosis of Parkinson’s disease (PD) has been made in a movement disorder clinic, and to compare the their 
outcome after hip fracture with that seen in the general population. 
Background: Hip fracture is the commonest serious injury and reason for an older person to need emergency 
anaesthesia and surgery. People with PD have an increased risk of both falls and osteoporosis and would be 
expected to be at an increased risk of hip fracture. 
Methods: Our Geriatrician-led movement disorder service has recorded follow-up data for 2,679 patients. We used 
National Hip Fracture Database (NHFD)[1] records to identify which of these were among 5,414 patients who had 
presented to our local trauma unit with hip fracture in the ten years 2008-18. We excluded those without a diagnosis 
of PD, and identified a cohort of 12 with a new diagnosis of PD made between 2008 and 2012, for whom 5 years of 
follow up was possible. 
Results: In total 12 of the 780 people diagnosed with PD between 2008 and 2012 had sustained a total of 13 hip 
fractures within 5 years of their PD diagnosis. Seven were women, and the mean age at diagnosis of PD was 81. 
Median time from diagnosis to hip fracture is 685 days. By the time of fracture the person with PD had a mean 
Hoehn and Yahr score of 2.0 and a mean levodopa equivalent dose of 300mg. One third had dementia. We found a 
median overall length of hospital stay of 42 days, compared to 34 days for patients without PD (using NHFD, 
presenting to the same hospital, 2015 to 2018). 
Conclusions: Patients with PD have an increased length of stay in hospital, implying poorer outcomes 
and reinforcing the necessity for bone health assessment at the earliest opportunity. The progressive nature of PD 
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combined with our 1.6% figure for 5-year risk of hip fracture will probably leave the average patient with a new 
diagnosis of PD with a 10-year risk of hip fracture in excess of 3.2%. This approaches the threshold at which bone 
mineral density measurement should routinely be considered[2], so bone health and falls assessment must be part of 
the routine care of a person diagnosed with PD[3]. 
References: [1] National Hip Fracture Database, http://www.nhfd.co.uk [2] FRAX, 
http://www.sheffield.ac.uk/FRAX/tool.aspx [3] Lyell V, Henderson E, Devine M, Gregson C. Assessment and 
management of fracture risk in patients with Parkinson's disease. Age and Ageing. 2015 44;1:34–41 

863 
Pattern and Presentation of Parkinson Disease in two Teaching Hospitals in Enugu, South East Nigeria 
B. Ezeala-Adikaibe (Enugu, Nigeria) 
Objective: To describe the pattern of presentation of Parkinson disease in patients attending medical out-patient 
clinic in Enugu South East Nigeria. 
Background: Parkinson Disease is a chronic, progressive, neurodegerative disorder characterized by pathological 
intraneuronal α-synuclein-positive Lewy bodies and neuronal cell loss. It is the second most common 
neurodegenerative disorder after Alzheimer disease yet little is known about the pattern and presentation of 
Parkinson’s disease Patients in South east Nigeria. 
Methods: This study was cross sectional and descriptive in nature. It was conducted in the medical outpatient clinic 
of Enugu State University Teaching Hospital, Enugu and University of Nigeria Teaching Hospital Enugu. 
Results: A total of 100 cases (67% males and 33% females were reviewed. The mean age was 63.2(10.7, range 38 - 
90) years similar in males (64.3(10.39) years and females 60.7(10.38) years. P=0.12. The mean age of onset was 
39.5(10.8, range 31-85) years; also, similar in both sexes. Eight (8%) reported a positive family history of movement 
disorders. Common medical comorbidities documented were hypertension 44%, diabetes 6%, back pain 3% and 
heart disease 3%. The most frequent initial symptom at onset was tremor (75%) followed by stiffness/heaviness 
(15%) and gait disturbance 10(10%). At the time of review, 29% had mild bilateral disease, 33% had mild to 
moderate bilateral disease and 21% presented with severe disease. Performance on activities of daily averaged 50% 
with a median of 60% and a range of 0-90%. 
Conclusions: Most patients with Parkinson’s disease present to tertiary hospital with bilateral disease. Most cases 
are likely to be tremor dominant type and have moderately reduced activities at home. 

864 
Levodopa response in later stages of Parkinson’s disease: a case-control study 
M. fabbri, M. Coelho, D. Abreu, L. Guedes, M. Rosa, A. Antonini, J. Ferreira (Lisbon, Portugal) 
Objective: To compare the response of motor and non-motor symptoms (NMS) to a L-dopa challenge test  between 
late stage (LS) PD patients and advanced stage (AD) PD patients. 
Background: L-dopa efficacy on PD cardinal motor symptoms may decrease with disease progression. If so, a 
simplification of drug therapy regimen in later disease stages may be beneficial. 
Methods: A case-control study on 17 LSPD patients (Schwab and England ADL Scale <50 or Hoehn Yahr Stage >3 
in MED ON) and 17 advanced (AD) PD (presence of L-dopa induced motor complications) patients matched for age 
at disease onset underwent an acute levodopa challenge test and a cross-sectional clinical assessment for motor, 
NMS, namely blood pressione (BP), pain and fatigue, and quality of life (QoL). 
Results: Demographic and clinical data of patients are detailed in Table 1. Fourteen LSPD patients (82%) had fulfil 
the criteria for probable PDD (MDS Task Force criteria). After L-dopa intake improved 14% the MDS-UPDRS-III 
score (p<0.001) of LSPD patients, including improvement of gait and freezing of gait (FOG) (p<0.05) but no other 
axial signs, but had and no effect on NMS, except for a lowering of orthostatic BP. Conversely, the MDS-UPDRS-
III score of ADPD patients improved 51% (p<0.001) with L-dopa, including most axial signs. L-dopa improved 
fatigue and pain of ADPD patients, despite worsening, orthostatic BP (Table 1). In LSPD, ∆MDS-UPDRS-III had a 
positive correlation with MDS-UPDRS-IV, item 4.2 and ∆AIMS (R=0.536/0.730/0.535), while no 
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significant  correlations wereare found for ADPD patients. Multiple regression analysis showed that PDD was the 
only variable that independently predicted  a worse L-dopa response (β=-14.4; p=0.011; R2:0.691). 
Conclusions: The L-dopa response on motor and non-motor symptoms is worse in LSPD patients compared to 
ADPD patients, despite similar age, age at PD onset and disease duration. Dementia is highly predictive of a worse a 
response to L-dopa, probably reflecting more disease progression. Identification of clinical markers of better or 
worse L-dopa responsiveness could help clinicians in the challenging treatment management of these patients and in 
the education of patients and families. 

 

This article is protected by copyright. All rights reserved.



 

865 
Long-term effect of levodopa-carbidopa intestinal gel on axial signs in Parkinson’s disease 
m. fabbri, p. chatkaew, C. Artusi, A. Romagnolo, M. Rizzone, M. Zibetti, L. Lopiano (Turin, Italy) 
Objective: To investigate the long-term effect of levodopa-carbidopa intestinal gel (LCIG) on axial signs in 
Parkinson's disease (PD) patients and the related prognostic factors. 
Background: Few short-mild-temr studies (up to 24 months) have suggested that LCIG may have a benefit on PD 
axial signs. 
Methods: A retrospective study on 49 PD patients treated with LCIG. Axial signs as per the Unified Parkinson 
disease rating scale  axial  score (AS), Hoehn & Yahr (H&Y) scale and levodopa equivalent daily dose (LEDD) 
were assessed at baseline (before starting LCIG treatment) and at the last follow-up (FU). 
Results: After 47.6 ± 30 months of treatment, total AS deteriorated while motor complications still improved, in 
spite of a significant LEDD/Kg increment (Table 1). When adjusted for LCIG treatment duration, a higher AS and 
freezing of gait (FOG) severity at FU were predicted by a baseline lower response to L-dopa and higher HY 
(p<0.01) and they were related to a lower independency in activity of daily life at FU (p<0.001).  Axial score and 
FOG progression, stratified per FU time and baseline HY values are described in Figure 1. Single axial items remain 
stable up to one year and postural instability up to four years. 
Conclusions: Baseline disease severity and the magnitude of L-dopa response predict axial signs severity after 
around four years of LCIG treatment, with consequent implication on patients’ functional independence. 
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866 
Plasma-based circulating long non-coding RNA AS-Uch1 as a novel diagnostic biomarker for Parkinson’s 
disease 
Y. Fan, Z. Xue (Wuhan, China) 
Objective: The study aimed to validate plasma-based circulating long non-coding RNA (lncRNA) as biomarker for 
the diagnosis of Parkinson's disease (PD). 
Background: Parkinson's disease (PD) is the second most common neurodegenerative disease following 
Alzheimer's disease. The diagnosis of PD is still primary dependent on subjective clinical rating scales that are 
related with motor symptoms, which make molecular biomarkers that are objective and quantifiable attractive. It has 
been reported that lncRNA was involved in the pathogenesis of PD. However, whether lncRNA can serve as a 
diagnostic biomarker for PD remains unclear. 
Methods: Here, basing on the results of other investigations [1-5], we selected four specific lncRNAs (AS-Uchl1, 
MAPT-AS1, NEAT1, SNHG1) as candidate PD biomarker. Quantitative PCR was performed to detect the lncRNA 
expression of plasm of PD patients (n=68) and age, sex-matched healthy controls (n=65). Receiver operating 
characteristic curve (ROC) analysis was applied to explore the potential of lncRNA as a biomarker for PD. 
Results: Clinical characteristics of all subjects in the study were summarized in table 1.We found that the plasma-
based circulating lncRNA AS-Uchl1 was significantly down-regulated in PD patients compared to healthy controls, 
while lncRNA MAPT-AS1, NEAT1, SNHG1 demonstrated no significant difference between two groups (figure 1). 
ROC curve analysis showed that lncRNA AS-Uchl1 was the best candidate of the four lncRNA (figure 2, table 2). 
Conclusions: Our present study identified the four specific lncRNA expression level in plasm between PD patients 
and healthy controls. We found that lncRNA AS-Uchl1 is decreased in the plasma of PD patients and has high 
specificity (84.62) for PD, which indicated that AS-Uchl1 may be a potential candidate biomarker for PD diagnosis. 
References: 1. Liu Y, Lu Z. Long non-coding RNA NEAT1 mediates the toxic of Parkinson's disease induced by 
MPTP/MPP+ via regulation of gene expression. Clinical and experimental pharmacology & physiology 2018; 45(8): 
841-8. 2. Cao B, Wang T, Qu Q, Kang T, Yang Q. Long Noncoding RNA SNHG1 Promotes Neuroinflammation in 
Parkinson's Disease via Regulating miR-7/NLRP3 Pathway. Neuroscience 2018; 388: 118-27. 3. Kraus TF, Haider 
M, Spanner J, Steinmaurer M, Dietinger V, Kretzschmar HA. Altered Long Noncoding RNA Expression Precedes 
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the Course of Parkinson's Disease-a Preliminary Report. Mol Neurobiol 619 2017; 54(4): 2869-77. 4. Coupland KG, 
Kim WS, Halliday GM, Hallupp M, Dobson-Stone C, Kwok JB. Role of the Long Non-Coding RNA MAPT-AS1 in 
Regulation of Microtubule Associated Protein Tau (MAPT) Expression in Parkinson's Disease. PLoS One 2806 
2016; 11(6): e0157924. 5. Carrieri C, Forrest ARR, Santoro C, et al. Expression analysis of the long non-coding 
RNA antisense to Uchl1 (AS Uchl1) during dopaminergic cells' differentiation in vitro and in neurochemical models 
of Parkinson's disease. Frontiers in Cellular Neuroscience 46 2015 2016.12.26 9. 
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867 
Dysregulated long non-coding RNA in Parkinson’s disease contributes to the apoptosis of dopaminergic 
neuron 
Y. Fan, Z. Xue (Wuhan, China) 
Objective: The study aims to explore the expression profiles of lncRNA of PD patients and its roles to the 
pathogenesis of PD. 
Background: The molecular mechanism underlying Parkinson’s disease (PD) remains elusive. It has been reported 
that lncRNA plays essential roles in the pathogenesis of neurodegenerative disease, including Alzheimer disease and 
Huntington’s disease [1,2]. However, lncRNA studies are still in their infancy in PD. 
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Methods: The expression of lncRNA and mRNA in circulating leukocytes of 5 PD patients and 5 healthy control 
subjects were profiled by microarray. Six differentially expressed (DE) lncRNA and mRNA were verified by 
quantitative PCR. GO/KEGG analysis and lncRNA-mRNA network analysis of DE lncRNA and mRNA were 
performed. We further determined the expression of four DE lncRNA by quantitative PCR in 72 PD patients and 22 
healthy controls. SH-SY5Y cells were treated with 6-OHDA as PD cell model. The expression of AC131056.3-001 
or HOTAIRM1 was overexpressed by lentiviral vector in vitro. Cell viability and apoptosis with different treatments 
were examined by MTS and flow cytometry respectively. 
Results: We identified 122 differentially expressed (DE) lncRNA and 48 DE mRNAs between PD patients and 
healthy controls (figure 1). There were 714 significant correlations among the DE lncRNA and mRNAs(figure 2). 
Gene function and pathway analysis of the 48 DE mRNAs revealed biological pathways that might be relevant to 
the pathogenesis of PD, including immune response, inflammatory response and  MAPK pathway(figure 3). In a 
cohort of 72 PD patients and 22 healthy controls, the upregulation of four lncRNA including AC131056.3-001, 
HOTAIRM1, lnc-MOK-6:1 and RF01976.1-201 in circulating leukocytes of PD were further confirmed (figure 4). 
Moreover, the expression of AC131056.3-001, HOTAIRM1, RF01976.1-201 were also upregulated in SH-SY5Y 
cells after treatment with 6-OHDA (figure 4A). Importantly, overexpression of AC131056.3-001 or HOTAIRM1 
reduced the cell viability and promoted the apoptosis of SH-SY5Y cells (figure 5C/D/E). 
Conclusions: We identified distinct expression profiles of lncRNA and mRNA in circulating leukocytes between 
PD patients and healthy controls. Dysregulated lncRNA such as HOTAIRM1 may contribute to PD pathogenesis by 
promoting the apoptosis of dopaminergic neuron. 
References: 1. Faghihi MA, Modarresi F, Khalil AM, et al. Expression of a noncoding RNA is elevated in 
Alzheimer's disease and drives rapid feed-forward regulation of beta-secretase. Nature medicine 2008; 14(7): 723-
30. 2. Sunwoo JS, Lee ST, Im W, et al. Altered Expression of the Long Noncoding RNA NEAT1 in Huntington's 
Disease. Molecular neurobiology 2016. 
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868 
Cognition and Gait in Parkinson’s Disease 
A. Fatima (Lahore, Pakistan) 
Objective: Evaluating DT situations in Parkinson Disease is helpful since cognitive functions and motor control—
both often impaired in PD—are examined at the same time. However, it is unclear if DT gait performance is 
indicative for cognitive impairment. Therefore, the objective of this study is to find if cognitive deficits are reflected 
DT costs of spatiotemporal gait parameters using MoCA.  
Background: As the Parkinson’s disease progresses the common symptoms like cognitive and gait deficits usually 
get worse. Motor-cognitive dual tasks (DTs) like (walking while talking) are used to explore the intersecting relation 
between gait and cognition. 
Methods: Cognitive function, single task (ST) and DT gait performance were investigated in 80 PD patients. 
Cognition was assessed by the Montreal Cognitive Assessment (MoCA) followed by a standardized, sensor-based 
gait test and the identical gait test. PD patients were stratified according to the established MoCA cutoff score <26 
(cognitively impaired) and ≥26 (cognitively unimpaired). DT costs in gait parameters [(DT − ST)/ST × 100] were 
calculated as a measure of DT effect on gait. Correlation analysis was used to evaluate the association between 
MoCA performance and gait parameters. In a linear regression model, DT gait costs and clinical confounders (age, 
gender, disease duration, motor impairment, medication, and depression) were correlated to cognitive performance. 
In a subgroup analysis, we compared matched groups of cognitively impaired and unimpaired PD patients regarding 
differences in ST, DT, and DT gait costs. 
Results: Correlation analysis revealed weak correlations between MoCA score and DT costs of gait parameters. DT 
costs of stride length, swing time variability, and maximum toe clearance were included in a regression analysis. 
The parameters only explain 10% of the cognitive variance. In combination with clinical confounders, regression 
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analysis showed that these gait parameters explained 33% of MoCA performance. Group comparison revealed 
strong DT effects within both groups (large effect sizes), but significant between-group effects in DT gait costs were 
not observed. 
Conclusions: These findings suggest that DT gait performance is not indicative for cognitive impairment in PD. DT 
effects on gait parameters were substantial in cognitively impaired and unimpaired patients, thereby potentially 
overlaying the effect of cognitive impairment on DT gait costs. 

869 
Deep Brain Stimulation as second line advanced treatment for PD after LCIG 
A. Faust-Socher, F. Abu Ahmad, N. Giladi, A. Hilel, Y. Shapira, D. Klepikov, A. Ezra, L. Raif, T. Gurevich (Tel Aviv, 
Israel) 
Objective: Staging of advanced treatments for Parkinson's disease such as levodopa–carbidopa intestinal gel 
infusion (LCIG) and Deep brain stimulation (DBS) 
Background: Device-aided therapies for Parkinson’s disease are widely used nowadays. They all aim at treating 
complications of oral dopaminergic medications. 
LCIG works well for motor fluctuations and troublesome dyskinesia overall; in 
Some cases, though, it may not provide sustained benefit for dyskinesia. 
DBS is an effective treatment for both motor fluctuations and dyskinesia. In a recent report (1) a PD patient 
underwent bilateral subthalamic nucleus (STN) DBS after initially being treated with LCIG. 
Methods: We describe a patient previously reported for being treated with LCIG for 6 years including during the 
course of pregnancy and delivery. 
Results: A 45 year-old professional singer was diagnosed with PD (PIGD type) at the age of 29 years. 
Levodopa therapy was initiated at the age of 32 and led to dramatic improvement, but this was shortly followed by 
the appearance of dyskinesia, severe motor fluctuations and painful dystonia. She refused deep brain stimulation 
because of the risk of dysphonia. LCIG monotherapy was initiated at the age of 37, and resulted in improvement of 
motor fluctuations, gait and dyskinesia. While treated with LCIG she became pregnant and delivered a healthy baby. 
In the following years her condition deteriorated and she could hardly ambulate by herself, she needed help in ADL 
activities and had a caregiver for 24 hours/day. 
Due to worsening of dyskinesia on the one hand and painful off dystonia in her mouth and limbs the patient decided 
to discontinue LCIG therapy (1310 mg levodopa/day) and to initiate brain stimulation instead. 
In 6.2018 the patient underwent BIL GPI DBS (VERSICE PC) insertion. There were no operative or post- operative 
complications. After activating the DBS electrodes the patient experienced reduction both in the severity of off state, 
and in frequency and severity of dyskinesia. UPDRS III OFF pre DBS score was 34/103 and post DBS was 19/103. 
The patient could ambulate independently and was independent in ADL functions. 
Conclusions: There is a growing need to develop new clinical algorithms for patients receiving advanced treatments 
in Parkinson's disease. 
References: Nathoo, Nabeela & Sankar, Tejas & Suchowersky, Oksana & Ba, Fang. (2018). Deep Brain 
Stimulation as a Rescue When Duodenal Levodopa Infusion Fails. Canadian Journal of Neurological Sciences / 
Journal Canadien des Sciences Neurologiques. 46. 1-2. 10.1017/cjn.2018.366. 

870 
Quantitative Assessment of Saccadic Eye Movements in Progressive Supranuclear Palsy and Idiopathic 
Parkinson's Disease 
C. Fearon, Y. Llamas-Osorio, L. Williams, A. Laffan, P. Moloney, R. Field, R. Reilly, T. Lynch (Dublin, Ireland) 
Objective: To investigate whether quantitative assessment of saccadic eye movements can distinguish between 
patients with progressive supranuclear palsy from patients with idiopathic Parkinson’s disease. 
Background: Differentiation of idiopathic Parkinson’s disease (IPD) from atypical parkinsonism can occasionally 
be challenging. The presence of eye movement abnormalities are useful in the clinical diagnosis of progressive 
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supranuclear palsy (PSP). In particular, the trajectory arc of patients with PSP can be curved, irregular and slow. The 
curved “round-the-houses” trajectory of vertical saccades was first described by Quinn in 1996 and remains a useful 
bedside clinical sign. We hypothesized that quantitative measures of these saccadic eye movements could be used to 
differentiate patients with IPD from those with PSP. 
Methods: A cohort patients with IPD and PSP performed standardized saccadic eye movements and oculographic 
data was recorded in addition to standard clinical data. Path length, velocity and acceleration in horizontal and 
vertical directions were calculated, along with saccade entropy. 
Results: Oculographic data revealed differences in the vertical saccade path in patients with IPD and PSP. 
Quantitative analysis of these were used to distinguish between patients with IPD and PSP. 
Conclusions: This preliminary study suggests that quantitative analysis of vertical saccadic eye movements in 
parkinsonian patients may be able to distinguish IPD from PSP. 

871 
Modifiable factors and progression of motor symptoms and cognitive decline in Parkinson’s disease 
E. Forbes, T. Tropea, S. Mantri, J. Morley (Philadelphia, PA, USA) 
Objective: To determine the association between potentially modifiable factors including (1) cardiovascular risk 
factors (2) neuropsychiatric symptoms, and (3) sleep quality and progression of motor and cognitive decline in 
Parkinson’s disease (PD). 
Background: There is no disease modifying therapy for PD and symptomatic therapies are focused on 
dopaminergic pathways, however addressing modifiable comorbidities may influence the rate of progression. 
Hypertension and a low level of physical activity have been associated with a faster rate of motor and cognitive 
progression in PD. The relationship between depression and anxiety, and motor and cognitive progression is not 
well defined. Obstructive sleep apnea (OSA) is associated with cognitive impairment in PD, and treatment of OSA 
can improve cognition. 
Methods: Subjects from the Parkinson’s Progression Markers Initiative (PPMI) were examined. Hypertension, 
hyperlipidemia, smoking, obesity, mood, and sleep quality were evaluated for their effect on motor and cognitive 
progression in PD subjects. A mixed effect linear regression model will be used to examine the relationship between 
motor and cognitive progression, and the presence of treatable comorbidities. Group differences in baseline 
characteristics were analyzed using t tests for continuous variables and chi squared for categorical variables. 
Results: Self-reported physical activity was associated with a significant difference in rate of change in the 
Montreal Cognitive Assessment (MoCA) (p=0.02), controlling for age, sex, Unified Parkinson Disease Rating Scale 
(UPDRS) part III score, and baseline MoCA. 
Conclusions: A higher level of physical activity is associated with slower cognitive decline in PD. We are 
performing and will present similar analyses with other potentially modifiable factors as described. 
References: [1] Amy W. Amara et al., “Self-Reported Physical Activity Levels and Clinical Progression in Early 
Parkinson’s Disease,” Parkinsonism & Related Disorders, December 2018, 
https://doi.org/10.1016/j.parkreldis.2018.11.006. [2] Maxime Doiron et al., “The Influence of Vascular Risk Factors 
on Cognitive Function in Early Parkinson’s Disease: Vascular Risk Factors and Cognition in Early PD,” 
International Journal of Geriatric Psychiatry 33, no. 2 (February 2018): 288–97, https://doi.org/10.1002/gps.4735. 
[3] Nadeeka N. W. Dissanayaka et al., “Anxiety Is Associated with Cognitive Impairment in Newly-Diagnosed 
Parkinson’s Disease,” Parkinsonism & Related Disorders 36 (March 1, 2017): 63–68, 
https://doi.org/10.1016/j.parkreldis.2017.01.001. [4] Victoria P. Mery et al., “Reduced Cognitive Function in 
Patients with Parkinson Disease and Obstructive sleep Apnea,” Neurology 88, no. 12 (2017): 1120–1128, 
https://doi.org/10.1212/WNL.0000000000003738. [5] Marta Kaminska et al., “Change in Cognition and Other Non-
Motor Symptoms With Obstructive Sleep Apnea Treatment in Parkinson Disease,” Journal of Clinical Sleep 
Medicine : JCSM : Official Publication of the American Academy of Sleep Medicine 14, no. 5 (May 15, 2018): 
819–28, https://doi.org/10.5664/jcsm.7114. 
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872 
Interleaving stimulation in Parkinson’s disease: interesting to whom? 
C. França, E. Barbosa, R. Iglesio, M. Teixeira, R. Cury (São Paulo, Brazil) 
Objective: Overview our patients’ experience with ILS and explore clinical scenarios in which ILS should be 
considered when programming DBS in PD patients. 
Background: Interleaving stimulation (ILS) is an available stimulation strategy that can help the physician manage 
more challenging cases of patients with deep brain stimulation (DBS) for Parkinson’s disease. (PD) It consists in 
altering two different programs on the electrode with the same frequency. 
Methods: We retrospectively reviewed medical charts from 120 PD patients treated with DBS between 2011 and 
2018. 
Results: Eighteen patients received ILS. One was excluded due to incomplete medical chart. The remaining 17 
patients had subthalamic nucleus DBS (14) and globus pallidus internus DBS (3). Eight patients (47%) received ILS 
to improve rigidity and bradykinesia, 4 to improve dyskinesias, 4 due to refractory tremor, and 1 for gait 
management [figure1]. Until the end of data collection, 13 of 17 patients (70%) were still on ILS, with a mean 
duration time of 28.8 months (2 – 44). Four patients reported no benefit from ILS and had their program changed. 
[table 1][table 2] 
Conclusions: Overall, ILS is useful to i) use two contacts that optimally improve two specific symptoms, but have 
different therapeutic windows, ii) avoid side effects related to current spreading to nearby areas, iii) increase 
frequency in a small region or iv) stimulate a larger target area. 
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873 
Nigral Iron Load as Diagnostic Parameter in Parkinson’s Disease 
S. Franthal, L. Pirpamer, N. Homayoon, M. Koegl, P. Katschnig-Winter, K. Wenzel, C. Langkammer, S. Ropele, F. 
Fazekas, R. Schmidt, P. Schwingenschuh (Graz, Austria) 
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Objective: The aim of our study was to determine the diagnostic value of nigral iron depositions in PD, measured 
by iron specific MRI-techniques. 
Background: Nigral iron deposition is considered as an important trigger for oxidative stress and neuro-
degeneration. Elevated nigral iron load has been described in Parkinson’s disease (PD) patient’s in histological and 
imaging analyses. 
Methods: We included 109 patients with clinically diagnosed PD (79 M/ 30 F; age 63. 7±9.9 years; mean disease 
duration 4.7±5.2 years) and 109 age-matched healthy controls (HC). All subjects underwent a 3T cerebral MRI 
protocol, as well as detailed clinical examinations. To measure nigral iron load we performed R2*-relaxometry and 
Quantitative Susceptibility Mapping (QSM) in total substantia nigra (SN) as well as in pars compacta (SNc) and 
pars reticulata (SNr) separately. Regions of interest were drawn manually on an iron independent contrast. Group 
differences were calculated by t-test (for normally distributed variables), otherwise by Mann-Witney-test. For 
determination of diagnostic value, we performed ROC-analyses and for clinical correlations Spearman correlations. 
Results: In PD QSM and R2* values were significantly higher with a p-value <0.001 in each region (left, right and 
bilateral SN, SNc and SNr).Bilateral total SN showed the best group discrimination, for QSM there was an area 
under the curve of 0.815, a sensitivity of 76.1% and a specificity of 73.4%. For R2* we found an area under the 
curve of 0.731, a sensitivity of 67.9% and specificity of 67.0% (for detailed results see Table1 and Figure1). For 
QSM and R2* we found moderate positive correlations between SN and Nonmotor Symptoms Scale and UPDRS. 
Conclusions: We found significantly higher iron load in SN in PD compared to HC and positive correlations with 
parkinsonian motor and nonmotor symptoms. QSM was superior to R2* considering diagnostic sensitivity and 
showed very good group discrimination. There were no relevant side-differences in nigral iron load and total SN 
showed better discrimination compared to the sub-regions. QSM values for bilateral total SN showed the highest 
sensitivity and specificity combination and might be used as diagnostic marker. 
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874 
Clinical patterns of gait freezing in Parkinson’s disease and their response to interventions: an observer-
blinded study 
O. Gavriliuc, S. Paschen, A. Andrusca, C. Schlenstedt, G. Deuschl (Chisinau, Republic of Moldova) 
Objective: To evaluate the occurrence and severity of FOG in provoking situations during a standard video-
recorded walking task. To use this method to compare the effects of STN-DBS and L-dopa.To look for the 
predictive value of the test. 
Background: Specific situations provoke freezing of gait (FOG) in Parkinson’s disease (PD). The sensitivity of 
these situations to detect FOG and the relative response of FOG to L-dopa and subthalamic nucleus deep brain 
stimulation (STN-DBS) is unknown. 
Methods: The video recordings of a structured patient assessment before and 10 months after DBS-implantation of 
124 patients with PD and FOG according to the Unified rating scale, item 14, were analyzed blinded in six different 
conditions: before electrode implantation off- and on-L-dopa (OFF/ON-drug) and after surgery off- and on-
stimulation (OFF/ON-stim) and L-Dopa. FOG was quantified by rating four different FOG subtypes (start, turning, 
reaching a destination and open space hesitations) according to severity (no freezing, shuffling forward with small 
steps, trembling in place or complete akinesia). Cumulative link mixed models were calculated to investigate the 
effect of medication and stimulation. The predictive value of baseline assessment for the freezing outcome was 
determined. 
Results: Eighty-one percent of patients presented at least one FOG subtype. Both interventions improve all FOG 
subtypes similarly. The effect size of L-dopa and STN-DBS on subtypes were similar (p>0.05), and the combined 
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intervention had a stronger effect on FOG severity (p<0.0001) compared to each response separately. FOG severity 
was lower at follow-up off compared to baseline off condition (p<0.02) demonstrating a carry-over effect of STN-
DBS. The positive predictive value (PPT) was 91% and the negative predictive value (NPV) was 44%. 
Conclusions: Turning hesitation is the most sensitive provoking situation. STN-DBS has the same effect size on 
FOG as L-Dopa; the combined intervention has a stronger impact. The scaling of freezing has a good PPT but the 
NPP is only poor. 

875 
Spin turns and step turns in advanced Parkinson’s disease: a new clinical gait sign? 
O. Gavriliuc, S. Paschen, A. Andrusca, C. Schlenstedt, G. Deuschl (Chisinau, Republic of Moldova) 
Objective: To evaluate which approach patients with Parkinson’s disease (PD) choose when they change direction 
of walk and if L-dopa and subthalamic nucleus deep brain stimulation (STN-DBS) may influence this feature. 
Background: Two main strategies are known for turning while walking: step strategy (the direction change is 
performed with 3 steps or more without pivoting) and spin strategy (turning on one foot or both feet 
simultaneously). Overall turning strategies have rarely been studied in PD although this phase of walking is 
particularly risky with regard to falls. 
Methods: The video-recordings of 171 PD patients that completed 180-degree turn-tasks were analyzed by two 
blinded raters before and on average one year after DBS-implantation both off and on L-dopa and off and on 
stimulation. The turning strategies were classified into three categories: 1) spin turn strategy, 2) step turn strategy, 
and 3) mixed strategy (spin plus step), the turn is accomplished with 1-2 steps and a pivot. The characteristics of the 
patients with different strategies were compared. 
Results: In evaluating a video-based turning strategy, two raters had almost perfect agreement (k=0.894). The 
strategy preference was different based on treatment condition (untreated, treated with L-dopa or with L-dopa plus 
stimulation), X2(4) =67.2, p<0.0001. The spin turn was found in 12% of patients in drug-Off, 28% in drug-ON at 
baseline and in 44% in drug-ON/stim-ON condition at follow-up. In the three treatment conditions patients with spin 
turns have significantly lower UPDRS III scores compared to step turn patients (p<0.004, p<0.0001, p<0.002); step 
turn patients have poorer postural and gait control (PIGD) scores (p<0.0005, p<0.001, p<0.017). 
Conclusions: The spin turn is associated with improving the patients’ motor conditions. It may well serve as a 
simple motor parameter but still needs prospective testing. Since improvements in motor score in patients with 
fluctuation are also associated with behavioral and particularly need changes we cannot exclude that this also 
represents a feature of psycho-motor interaction. 

876 
Incidence of drooling in Parkinson’s Disease and Impact on Quality of Life 
B. Gibbons, B. Mohamed, C. Thomas (Cardiff, United Kingdom) 
Objective: The project aimed to determine the frequency and severity of drooling in the Parkinson’s Disease (PD) 
population in Cardiff & the Vale Health-board through a questionnaire handed out in both outpatient and inpatient 
settings. An assessment through a separate questionnaire was performed to determine the impact of drooling on the 
quality of life of patient's with Parkinson's disease. 
Background: The symptoms of PD are subdivided into motor (dopaminergic) and non-motor features (non-
dopaminergic).[1] Drooling is defined throughout the projects as the “uncontrolled loss of saliva from the mouth”, it 
is an autonomic, non-motor symptom seen in PD patients, recognised as being a debilitating physical and 
psychological manifestation of PD.[2,3] Our hypothesis is that drooling is an overlooked symptom in PD which 
impacts on the QOL of those it affects. 
Methods: Literature Review 
Five studies were selected for literature review using a systematic technique using Ovid MEDLINE® and the terms 
‘drooling’ (or ‘sialorrhoea’) and ‘Parkinson’s Disease’ with a specified year range from 2007 to 2018.[4] 86 articles 
were identified, however, many were excluded due to their inaccessibility and not containing an assessment of 
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quality of life. 
Drooling Research 
The PDQ-8 assessment of QOL and an in-depth questionnaire of drooling were distributed to 41 patients for 
comparison with established research.[5] The patient’s Levodopa Equivalent Dose (LED), Hoehn and Yahr stage 
(H&Y) and PD type were acquired from their medical records and noted as possible aetiological factors of 
drooling.[6] Three patients were excluded from the study due to discounting the drooling component of the 
questionnaire. 
Results: Drooling and sialorrhoea have an incidence of 78.9% in the population sampled. A statistically significant 
negative impact on QOL of severe drooling was detected in patients either treated clinically or required help for 
drooling (p=0.001). 
Conclusions: As our hypothesis suggested, drooling does have significant impact on the QOL of the people that it 
effects (p=0.001). Although, statistical significance was not determined by many of the aetiological factors screened 
for in the study, the observational trends seen in factors assessed by our study and in the literature provide support 
for the continued research and development of clearly defined screening and management tools. 
References: [1] DeMaagd, G. and Philip, A. 2015. Parkinson’s Disease and Its Management: Part 1: Disease Entity, 
Risk Factors, Pathophysiology, Clinical Presentation, and Diagnosis.P & T. 24. pp. 504-532. [2] Oxford English 
Dictionary. 2018. Online Edition. Oxford University Press. Available a 
thttps://en.oxforddictionaries.com/definition/drool [Accessed 24 April 2018] [3] Kalf, J. et al. 2007. Impact of 
drooling in Parkinson’s disease. Journal of Neurology. 254: 1227. doi: https://doi.org/10.1007/s00415-007-0508-9 
[4] Wolter Kluwer. 2018. Ovid: Search Form. Available at: http://ovidsp.uk.ovid.com/sp-
3.28.0a/ovidweb.cgi?QS2=434f4e1a73d37e8c6d5cc3ea7a7100e0c91ef741466d1c6a0b61f97d968e7de93b4cbdd193
0c963a17b659c645e1282892f48e6acba357134cdd6e91a50f66f26c9e4f48173fb3b2238cdf7ff55647b47300aa72bd9c
8b607a23a95fed4a0b7846d90e7f08f65dbf8b4b830476f7a026740f9ece46d70065af13cc773df50dcf8d444ab84c8a11
18285df06340cfe084ff55045674469dd541db4e7f59a876528c37fe2b6b411ad73c288688aba9e2bfee18a0bbbd68f1d
697c32bbc5be9cd4c29515d2d463e111a [Accessed 24 April 2018] [5] Jenkinson, C. Fitzpatrick, R. and Peto, V. 
1998. Parkinson’s Quality of Life Questionnaire-8. Isis Innovation Limited (Oxford Universty Innovation). 
Available at: https://innovation.ox.ac.uk/wp-content/uploads/2014/07/Final_PDQ-8_English_UK_SAMPLE.pdf 
[Date Accessed 24 April 2018] [6] 3- Author Unkown. Date Unknown. Levadopa Equivalent Dose Calculator. 
Parkinsons Measurement. Available at: 
http://www.parkinsonsmeasurement.org/toolBox/levodopaEquivalentDose.htm [Date Accessed 24 April 2018]. 

877 
Study of cardiac sympathetic denervation by 18F-FDOPA PET-CT Imaging in early Parkinson disease (EPD) 
and Atypical parkinsonian syndromes (APS) 
V.G. Goyal, K.C. CHUDASAMA, C. Patel, M.V. SRIVASTAVA, M.B. SINGH, M.T. TRIPATHI, V.Y. Y, A.R. ROY 
(Delhi, India) 
Objective: To evaluate utility of l-3,4-dihydroxy-6-[18F] fluoro-phenylalanine (18F-FDOPA) PET-CT imaging for 
cardiac sympathetic denervation in conjunction with nigrostriatal imaging in patients with early Parkinson disease 
(EPD) and Atypical parkinsonian syndromes (APS). 
Background: Newer algorithm employing use of nigrostriatal and cardiac sympathetic imaging utilizing different 
radioligands with different imaging sessions is being proposed for accurate diagnosis of Parkinsonism. 
Methods: 18F-FDOPA PET-CT cardiac and brain scans were performed in patients with EPD (9 men and 6 women 
with mean age,57.3±9.91 years),APS (10 men and 5 women with mean age, 57.9 ± 6.44 years) and controls (age and 
sex matched) referred for indications other than PD (6 men and 9 women with mean age,52.2±7.07 years) with 
detailed clinical evaluation.Visual and semiquantitative analysis using SUVmax of cardiac and brain images was 
done. Global and regional myocardium to liver ratio (MLR) and myocardium to mediastinal ratio (MMR) were 
calculated for apex, septum, inferior, anterior and lateral wall in cardiac scans and regional striatal-to-occipital ratios 
(SORs) of caudate, anterior and posterior putamen were calculated in brain scans for each group of patients. 
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Results: The mean global MLR and MMR in patients with EPD (0.80±0.10, 1.40±1.20 respectively) were 
significantly reduced compared to controls (1.52± 0.17, 1.99±0.29, p<0.001) and patients with APS 
(1.16±0.28,1.75±0.29, p<0.05).Regional cardiac ratios corroborated global cardiac ratios with segmental pattern 
showing least uptake in lateral wall. SORs of patients with EPD revealed asymmetric pattern with least uptake in 
contralateral posterior putamen(1.25± 0.22) and highest in ipsilateral anterior caudate(2.58±0.65) following 
anteroposterior gradient and were significantly reduced compared to controls(p<0.001for all regional SORs).Patients 
with APS too showed reduced striatal uptake albeit in symmetrical pattern and significantly higher compared to 
patients with EPD in contralateral anterior putamen and bilateral posterior putamen(p<0.05). 
Conclusions: 18F-FDOPA PET CT Imaging has potential utility to study cardiac sympathetic denervation in 
addition to nigrostriatal dopaminergic function simultaneously paving way for single tracer single session dual 
imaging in diagnostic algorithm of early PD and APS. 

878 
Multiple System Atrophy: phenotypic spectrum approach coupled with brain FDG PET 
S. Grimaldi, A. Eusebio, E. Guedj, J.P. Azulay, M. Renaud, M. Boucekine (Marseille, France) 
Objective: This study attempts to identify different phenotypes of patients with MSA and to describe corresponding 
brain 18-FDG Positron Emission Tomography (PET) patterns. 
Background: In clinical practice, there is a heterogeneity in patients with multiple system atrophy (MSA) (e.g., 
parkinsonian/cerebellar/mixed types, cognitive impairment, atypical longer survival) that is not adequately 
represented by the current diagnostic criteria (Gilman et al., 2008). 
Methods: Patients with a "probable" MSA diagnosis for whom a brain 18-FDG PET was performed were included. 
A retrospective analysis (from 2006 to 2017) was conducted using standardized data collection. We used Latent 
Class Analysis (LCA), an innovative statistical approach, to identify profiles of patients based on common clinical 
characteristics. Brain metabolism of different groups was studied at rest. 
Results: Eighty-five patients were included. 
Three different profiles were revealed (entropy= 0.835): 
1.extrapyramidal, axial, laryngeal-pharyngeal involvement (LPI) and cerebellar symptoms (n=46, 54.1%); 
2.cerebellar and LPI symptoms (n=30, 35.3%); 
3.cerebellar and cognitive symptoms (n=9, 10.6%). 
Brain metabolism analyses (k>89; p<0.001) showed hypometabolism of the basal ganglia, frontal/prefrontal, 
temporal cortices and left posterior cerebellum in profile 1. 
In profile 2 there was hypometabolism of the medulla, prefrontal, temporal, cingular cortices, putamen and bilateral 
cerebellar hemispheres. 
In profile 3 there was hypometabolism of bilateral posterior cerebellar hemispheres and vermis. 
Conclusions: Beyond the two most common phenotypes of MSA, a third and particularly atypical profile with 
cerebellar and cognitive symptoms but without LPI/extrapyramidal/axial involvement is described. These profiles 
are supported by different brain metabolic abnormalities which could be useful for diagnostic purposes. 
 
This abstract has ben accepted for a poster at the 2019 European Academy of Neurology Congress. 
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879 
DBS Programming In Tremor And Akinetic-Rigid Predominant Parkinson’s Disease 
Z. Guduru, D. Ginjupally, T. Ali, N. El Seblani, J. Quintero, C. Van Horne (Lexington, KY, USA) 
Objective: Deep brain stimulation (DBS) targeting Globus pallidus pars interna (GPi) and subthalamic nucleus 
(STN) is an established surgical treatment for Parkinson’s disease (PD). Due to concerns about the effects of STN 
DBS on cognition, mood, and behavior, GPi DBS became a more attractive option. Due to the fact that the GPi is a 
much larger target (≈ 450 mm3) when compared to the STN (≈150 mm3) demands a higher charge density. 
Background: With this research project, we hope to understand GPi DBS programming in patients with tremor-
predominant and akinetic-rigid predominant PD and correlating with existing literature on GPi DBS programming in 
PD. The information gained from this research, will fasten the DBS programming session and it will decrease the 
time required to obtain appropriate settings, eventually will benefit in decreased battery usage and hence longer 
battery life. 
Methods: The study is open retrospective clinical observational case series and biologic registry design to evaluate 
the effects of GPi DBS in tremor and akinetic-rigidity predominant PD. 30 PD patients who underwent bilateral GPi 
DBS at University of Kentucky are included in the study. Target site in GPi nucleus is mapped to determine exact 
location of the tip of the lead. Electrode placement description will be in relation to anterior commissure-posterior 
commissure (AC-PC) line. The DBS settings parameters are noted at 6-month visit post-surgery. Contacts which are 
activated, and frequency chosen to control the symptoms are of particular interest. 
Results: In tremor predominant patients, stimulation of the lower contacts were chosen in 60% of the individuals 
and average frequency of 180 Hz, pulse width of 110 microsec and voltage of 3.2v. In akinetic-rigid predominant 
PD patients, stimulation of the upper contacts were chosen in 70% of the individuals and average frequency of 180 
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Hz, pulse width of 80 microsec and voltage of 4v. The lead was placed in postero-inferior region of the globus 
pallidum in 90% of the patients. 
Conclusions: Our findings are similar to the previously published literature, showing apparent functional difference 
between dorsal and ventral globus pallidum stimulation (1,2,3). The best electrode combination differ in tremor-
predominant and akinetic-rigid predominant PD patients and understanding this might help to decrease the time 
required to obtain appropriate settings. 
References: 1. Rajeev Kumar. Methods for Programming and Patient Management with Deep Brain Stimulation of 
the Globus Pallidus for the Treatment of Advanced Parkinson’s Disease and Dystonia. Movement Disorders. Vol. 
17, Suppl. 3, 2002, pp. S198–S207. 2. Bejjani B, Damier P, Arnulf I, Bonnet AM, Vidailhet M, Dormont D, Pidoux 
B, Cornu P, Marsault C, Agid Y. Pallidal stimulation for Parkinson’s disease. Two targets? Neurology 
1997;49:1564–1569. 3. 17. Krack P, Pollak P, Limousin P, Hoffmann D, Benazzouz A, Le Bas JF, Koudsie A, 
Benabid AL. Opposite motor effects of pallidal stimulation in Parkinson’s disease. Ann Neurol 1998;43:180–192. 

880 
Swallowing assessment in Parkinson’s Disease using Dynamic Magnetic Resonance Imaging (dMRI) 
S.G. Gudwani, P.U. Upadhyay, K.S. Sharma, R.S. Sagar, S.S. Kumaran, R. Dhamija (New Delhi, India) 
Objective: To evaluate any dysphagia-signs in Parkinson’s disease (PD) with technique that is non-invasive, 
without-radiation-exposure and gives good soft-tissue contrast. 
Background: Swallowing, a basic oromotor function for survival may have multifactorial involvement in PD which 
is difficult to evaluate clinically[1]. Available modalities videofluoroscopy (VFS) and flexible endoscopic 
evaluation of swallowing (FEES) are gold standard, but either have ionizing radiation, or invasive with limited soft-
tissue details, so reliable technique is required for appropriate optimal management[2]. Magnetic Resonance 
Imaging (MRI) is non-invasive, without any radioactive exposure and dynamic (dMRI) with T2 weighting may 
evaluate normal-saline (NS) bolus giving soft tissue details[3]. 
Methods: Study included 12 subjects with idiopathic PD (H&Y<2.5) and 6 healthy controls (HC) of age 45-72 yrs. 
Clinical assessment included swallowing (SDQ)[1], in neurodegeneration (CADN)[4]. Real-time dynamic MR 
(single slice 2-D sagittal) images acquired on 1.5T system (Aera, Siemens Healthcare, Germany) using 12H 4N and 
4BFlex coils with T2 trueFISP (trufi-cine) sequence, FOV 230, TR162.54 ms, TE 1.27 ms, FA 44 degrees, ST 
10mm, 19.2 fps and AT 8.53 minutes. Swallowing bolus - 10ml of normal saline (NS, 0.9%) delivered in mouth 
(rate 2ml/sec). Parameters analysed (i)jaw movement (ii)tongue positioning (iii)bolus transit (iv)velar closure 
(v)hyoid bone elevation (vi)epiglotic closure (vii)pharyngeal wave (viii)arytenoid movement (ix)residual bolus 
(x)spooling of saliva/ bolus. 
Results: None of the PD patient reported dysphagia signs subjectively. On clinical assessments (SDQ/CADN) none 
of the subject scored positive signs of dysphagia or indication for further diagnostic investigation.  On dMRI PD 
patients as group had significant difference in preparatory (bolus wave), oral (tongue, velar posture), oropharyngeal 
(hyoid-movement, transit-time, bolus-residue) and oesophageal (arytenoid movement) phases.Figure-1: Anatomical 
Landmarks important in Swallowing Assessment [Figure1]Figure-2: Swallowing Mechanism in PD subject: (a) 
Holding water bolus (10ml of saline NS 0.9%) in oral cavity; (b) Tongue and bolus position in preparatory phase; 
(c) Transit of bolus in oropharyngeal phase [Figure2]. 
Conclusions: Dynamic MRI is a reliable clinical technique with good soft-tissue details for swallowing 
assessments. It detects early dysphagia signs in PD. 
References: [1]Manor Y, Giladi N, Cohen A, Fliss DM, Cohen JT. Validation of a swallowing disturbance 
questionnaire for detecting dysphagia in patients with Parkinson's disease. Mov Disord. 2007;22(13):1917-21 
[2]Hashimoto H, Hirata M, Takahashi K, Kameda S, Katsuta Y, Yoshida F, Hattori N, Yanagisawa T, Palmer J, 
Oshino S, Yoshimine T, Kishima H. Non-invasive quantification of human swallowing using a simple motion 
tracking system. Sci Rep., 2018;8(1):5095. [3]Tanaka T, Oda M, Nishimura S, Kito S, Wakasugi-Sato N, Kodama 
M, Kokuryo S, Habu M, Miyamoto I, Yamashita Y, Aso A, Sadasue K, Nagashima R, Tominaga K, Yoshioka I, 
Morimoto Y. The use of high-speed, continuous, T2-weighted magnetic resonance sequences and saline for the 
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evaluation of swallowing. Oral Surg Oral Med Oral Pathol Oral Radiol. 2014;118(4):490-496 [4]Vogel AP, Rommel 
N, Sauer C, Horger M, Krumm P, Himmelbach M, Synofzik M. Clinical assessment of dysphagia in 
neurodegeneration (CADN): development, validity and reliability of a bedside tool for dysphagia assessment. J 
Neurol. 2017; 264(6):1107-1117 
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881 
Diagnostic accuracy of Progressive Supranuclear Palsy: Experience of a movement disorders center 
M. Gultekin (Kayseri, Turkey) 
Objective: The purpose of this paper is to emphasize the importance of correct diagnosis in PSP. 
Background: Progressive supranuclear palsy (PSP) is a commonly disease among Parkinson plus syndromes, and 
its early and accurate diagnosis is usually not possible. 
Methods: This study formed as retrospectively. 32 patients who were diagnosed as having PSP according to the 
National Institute for Neurological Disorders and Society for PSP (NINDS-SPSP) criteria  included in this study. 
Initial diagnosis of the patients and time course until correct diagnosis as PSP were assessed. 
Results: The mean age of the patients was 65.83 years and 15 patients were female (46.8%) . Most of patients were 
diagnosed as Parkinson’s disease (PD) before correct diagnose.  All of the patients had supranuclear gaze palsy and 
postural instability. The median time from onset of symptoms to diagnosed as PSP was 4.1 years (2.4-5.9). 
Conclusions: Our results suggest that the correct diagnosis of PSP has taken after several years. Diagnostic criteria 
should be expanded and developed for earlier recognition of PSP. 
References: 1- Lang AE. Clinical heterogeneity in progressive supranuclear palsy: challenges to diagnosis, 
pathogenesis and future therapies. Mov Disord 2014; 29:1707-1709. 2- Respondek G, Hoglinger GU. The 
phenotypic spectrum of progressive supranuclear palsy. Parkinsonism Related Disord 2016; 22:34-36. 3- Hoglinger 
GU, Respondek G, Stamelou M et al. Movement Disorder Society-endorsed PSP Study Group. Clinical diagnosis of 
progressive supranuclear palsy: The movement disorder society criteria. Mov Disord 2017; 32:853-864. 

882 
Bilateral INO in PSP 
H. Gupta (Overland Park, KS, USA) 
Objective: We describe and demonstrate a patient with PSP who had bilateral internuclear ophthalmoplegia (BINO) 
with intact convergence on exam. 
Background: A thorough eye movement exam is prudent in the clinical diagnosis of PSP. In the initial stages, there 
is an impairment in the vertical eye movements, particularly downgaze and slowing of vertical saccades. In the later 
stages, complete ophthalmoplegia can be seen. Frequently, BINO is associated with exotropia in the primary gaze 
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which gives an appearance as if the eyes are looking sideways called as wall-eyed bilateral INO (WEBINO). This is 
the second case of BINO without exotropia and intact convergence seen with PSP. 
Methods: Case Report 
Results: A 79-year-old right-handed man presented with a 5-year history of symptoms suggestive of parkinsonism. 
His initial symptoms included slowness in daily tasks, difficulty turning while walking, small handwriting, a 
decrease in the volume of voice, and dysphagia which required the placement of a PEG tube. His other symptoms 
included constipation, urinary urgency, and drooling. The dose of carbidopa/levodopa was increased gradually to 
1000 mg a day which did not lead to any improvement. Recently, he complained of double vision especially when 
reading and was using prism glasses. The visual acuity with correction was 20/200 in the right eye (improving with 
a pinhole to 20/60-2) and 20/50 in the left eye (no improvement with pinhole). His color vision was normal. Pupils 
were equal and reactive to light with no RAPD and eyelid blinking rate was severely reduced. His eye movement 
testing showed slowed adduction saccades bilaterally with bilateral abducting nystagmus, but exotropia in primary 
position was not seen. The conjugate up gaze was severely impaired, square-wave jerks were present, and 
convergence was intact. MRI brain with contrast did not show any parenchymal lesion but showed reduced midbrain 
to pons ratio of 0.50 (image 1). 
Conclusions: We report an unusual case of BINO with intact convergence in PSP. In our case, the likely 
localization of BINO is caudal midbrain or pons because exotropia was not seen in the primary position and 
convergence was intact. The involvement of bilateral MLF is the most likely explanation for BINO. The defects in 
ocular motility seen with PSP can occur because of nuclear or supranuclear pathways. 
References: Ushio M, Iwasaki S, Chihara Y, Murofushi T. Wall-eyed bilateral internuclear ophthalmoplegia in a 
patient with progressive supranuclear palsy. J Neuroophthalmol. 2008 Jun;28(2):93-96. Matsumoto H, Ohminami S, 
Goto J, Tsuji S. Progressive supranuclear palsy with wall-eyed bilateral internuclear ophthalmoplegia syndrome. 
Arch Neurol. 2008 Jun;65(6):827-829. Flint AC, Williams O. Bilateral internuclear ophthalmoplegia in progressive 
supranuclear palsy with an overriding oculocephalic maneuver. Mov Disord. 2005 Aug;20(8):1069-1071. 
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883 
Accuracy of clinical diagnosis of atypical parkinsonism: comparison of consensus clinical criteria with MRI 
criteria 
D. Gwendoline, G. David, D. BERTRAND, L. STEPHANE, C. FLORENCE (Paris, France) 
Objective: Our study retrospectively analyzed the clinical and imaging data of 42 consecutive  patients with PS 
whose diagnosis was uncertain at an early stage. The aim was to determine how MRI, integrated with early clinical 
evaluation, could help speed up and improve accuracy of the diagnosis. 
Background: The emergence of disease modifying treatments for Parkinson’s disease (PD) or atypical 
parkinsonism , pushes towards an early and accurate diagnosis in patients with parkinsonian syndroms (PS). 
Methods: 42 consecutive patients were referred to a single movement disorders clinics (Paris, France). At baseline 
and after 2 years of follow up, brain MR imaging (MRI) and clinical assessment were performed in all patients. 
According to clinical consensus criteria, each patient was retrospectively classified as a probable or a possible case 
for PD, MSA, CBD or PSP. All the MRI scans were rated independently in a standardized manner, blinded to the 
diagnosis. In the absence of anatomical data, the silver standard diagnostic was the best movement disorders 
expert’s diagnosis after two years of follow up. 
Results: Based on clinical criteria alone, our study showed a frequency of uncertain diagnosis (61%) at baseline that 
decreased at follow-up (44%). Based on MRI criteria at baseline, there was 58% of uncertain diagnosis. When 
mixing MRI and clinical criteria at baseline, we increased the certainty of 12% compared with clinical criteria alone. 
At baseline, when the diagnosis was uncertain with clinical criteria, MRI criteria refine or correct the diagnosis in 
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81% patients. The mean sensitivity and specificity of clinical criteria to diagnose MSA was, respectively, 86.5% and 
54.5% whereas the sensitivity and specificity of MRI was 90.9% and 87.1%. The specificity of MRI was 
significantly higher than clinical criteria to diagnose MSA (p<0.001). There was no significant difference between 
sensitivity, specificity or PPV of MRI and clinical criteria for PD and PSP patients. 
Conclusions: Our study shows the limitations of current clinical criteria for the diagnosis of atypical parkinsonian 
syndrome at early stage when the diagnosis is still uncertain. MRI could improve the differential diagnosis between 
MSA, PSP and PD but composite score or/and new markers are needed to improve the specificity and the sensibility 
of MRI criteria. 

884 
Serum mucosal chemokine levels in patients with Parkinson disease. 
S. Haji, W. Sako, N. Murakami, Y. Osaki, Y. Izumi (Tokushima, Japan) 
Objective: To investigate the relationship between mucosal chemokines including CXCL14 and CCL28) and 
impairment in motor/non-motor function among patients with Parkinson’s disease. 
Background: Parkinson disease is (PD) the second most common neurodegenerative disease following Alzheimer’s 
disease. Accumulating research provides evidence for a striking reaction of the innate and adaptive immune system 
in PD. Furthermore, many investigators have reported that cytokine levels in the serum and cerebral spinal fluid of 
patients with PD showed a sharp increase compared to control subjects. These reports include proinflammatory 
cytokines (TNF-α, IL-1β, and IL-6) (1-3) and T-cell activation-associated cytokine (IL-2) (4). We analyzed the 
relationship between cytokines and clinical impairment in patients with PD. 
Methods: Patients with PD and controls were recruited from Tokushima university hospital. Clinical symptoms 
were assessed and serum were collected on the same day. Serum were stored at -80 ℃ until assayed. Serum C-X-C 
motif chemokine ligand 14 (CXCL14) and C-C motif chemokine ligand 28 (CCL28) levels were analyzed on a 
Multiplex MAGPIX® system (Millipore, MA, USA). Differences between patients and controls were compared by 
Student’s t-test. Spearman correlation coefficient were used to quantify the relationship between clinical symptoms 
and cytokines. All analyses were carried out using R statistical computing environment version 3.5.1 (http://www.R-
project.org). 
Results: Total of 19 patients with PD and 16 controls were enrolled. In 19 patients, 7 were women, mean age was 
70.0 ± 10.1 years, mean duration of onset symptom was 3.8 ± 4.1 years. Means ± standard deviation (SD) for 
Modified Hoehn and Yahr stage was 2.0 ± 1.0, and UPDRS III was 12.8 ± 8.7, Mini Mental State Examination 
(MMSE) was 27.0 ± 2.5, and Japanese version of Montreal Cognitive Assessment (MoCA-J) was 22.6 ± 3.6. The 
serum level of CXCL14 were 15,400 ± 4,200 pg/ml and CCL28 were 900 ± 600 pg/ml. In motor/non-motor 
symptoms, no clinical sign was significantly correlated with CXCL14 or CCL28. MoCA-J and MMSE subdomain 
analysis revealed that both of CXCL14 and CCL28 were significantly correlated with fluency and abstraction in 
MoCA-J and orientation for time in MMSE. Significant correlations were observed for CCL28 with delayed recall 
in MoCA-J and calculation in MMSE. 
Conclusions: Several cognitive subdomains were correlated with CXCL14 and/or CCL 28. 
References: 1. Mogi M, Harada M, Riederer P, Narabayashi H, Fujita K, Nagatsu T. Tumor necrosis factor-alpha 
(TNF-alpha) increases both in the brain and in the cerebrospinal fluid from parkinsonian patients. Neuroscience 
letters. 1994;165(1-2):208-10. 2. Muller T, Blum-Degen D, Przuntek H, Kuhn W. Interleukin-6 levels in 
cerebrospinal fluid inversely correlate to severity of Parkinson's disease. Acta neurologica Scandinavica. 
1998;98(2):142-4. 3. Jimenez-Jimenez FJ, Alonso-Navarro H, Garcia-Martin E, Agundez JA. Cerebrospinal fluid 
biochemical studies in patients with Parkinson's disease: toward a potential search for biomarkers for this disease. 
Frontiers in cellular neuroscience. 2014;8:369. 4. Nagatsu T, Mogi M, Ichinose H, Togari A, editors. Changes in 
cytokines and neurotrophins in Parkinson’s disease2000; Vienna: Springer Vienna. 
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885 
Bilateral vestibulopathy due to neurosarcoidosis mimicking Parkinsonian syndrome 
M. Hamaguchi, H. Fujita, K. Suzuki (Utsunomiya, Japan) 
Objective: We here describe a patient with neurosarcoidosis presenting with progressive gait disturbance that 
mimics Parkinsonian syndrome. 
Background: Neurosarcoidosis can show various neurological complications; however, bilateral vestibulopathy due 
to neurosarcoidosis is rare. 
Methods: Case report. 
Results: A 68-year-old woman presented with an 18-month history of gait disturbances and weight loss. 
Neurological examination showed reduced facial expression, dysphagia, and slowness of movements. Eye 
movement was intact. The patient showed marked postural instability and was unable to stand without assistance. 
Superficial and deep sensations were normal. Given these neurological findings, Parkinsonian syndrome was 
initially suspected. However, dopamine transporter scan showed no presynaptic dopaminergic dysfunction. Bilateral 
vestibulopathy was considered based on the caloric irrigation showing a peak slow phase velocity of horizontal 
nystagmus and abnormal head tilt testing. Although she did not complain of difficulty hearing, sensorineural hearing 
loss was detected by audiogram. Repeated cerebrospinal fluid examinations showed mononuclear pleocytosis. Brain 
MRI showed diffuse cortical atrophy and enlarged third and lateral ventricles. FDG-PET scan showed abnormal 
uptake in the mediastinal lymph nodes. Histopathology of the lymph node showed non-caseous granuloma leading 
to a diagnosis of sarcoidosis. Steroid therapy resulted in improvement in her muscle weakness. 
Conclusions: Neurosarcoidosis should be included in the differential diagnosis of patients with progressive gait and 
balance impairment. 

886 
Exosomes from patients with Parkinson’s disease are pathological in mice 
C. Han, N. Xiong, X. Guo, J. Huang, K. Ma, L. Liu, Y. Xia, S. Yin, L. Kou, F. Wan, J. Hu, G. Zhang, T. Wang 
(Wuhan, China) 
Objective: To verify the hypothesis that serum-derived exosomes from patients with Parkinson’s disease (PD) may 
serve as risk carriers for inter-neuronal risk transmission, eventually resulting in the characteristic symptoms. 
Background: Cell-to-cell transport of risk molecules is a highly anticipated pathogenic mechanism in the initiation 
and progression of various neurodegenerative diseases. Extracellular exosome-mediated neuron to neuron transport 
of α-synuclein (α-syn) is increasingly recognized as a potential etiologic mechanism in PD. Exosomal inflammation 
has also been increasingly implicated in PD pathogenesis and could trigger, facilitate, or aggravate disease 
development. Since exosomes are abundant in circulation, it is unclear whether PD serum exosomes could induce 
symptomatic onset in vivo. 
Methods: Exosomes from PD patients and healthy controls were isolated and verified, the content of α-syn was 
compared by western blotting (WB) and ELISA. Then exosomes were added into the PD cell model to observe their 
effect on α-syn aggregation. In addition, exosomes were intravenously and intrastriatally injected into the balb/c 
mouse. The behavioral changes, component of Lewy body such as pathological α-syn, P62, ubiquitin and dopamine 
content, the inflammatory markers were assessed and analyzed. 
Results: Exosomes were confirmed by WB, transmission electron microscopy (TEM) and Nanosight. The content 
of α-syn, p-syn(ser129) and inflammatory factor such as TNF-α and IL-6 are more abundant in mild to late PD 
patients. As expected, PD serum exosomes could trigger α-syn, ubiquitin, and P62 aggregation in cell model. More 
importantly, the intravenous or intrastriatal treatment of mice with exosomes from PD patient serum could evoke 
protein (α-syn, p-syn(ser129), P62) aggregation, trigger dopamine neuron degeneration, induce microglial 
activation, and cause apomorphine-coaxed rotation and movement defects (bradykinesia). 
Conclusions: We present evidence that the injection of PD serum exosomes into mice initiates a pathological 
change, including protein aggregation, loss of TH-positive neurons in SN, and impaired motor coordination, thus 
elucidating the possible role of the exosomes in the pathogenic process of PD. 
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887 
Effect of Levodopa on gut microbiome in Parkinson’s Disease (PD) 
A. Hannoun, D. Ward, J. Flahive, J. Friedman, A. Deb, K. Smith (Worcester, MA, USA) 
Objective: To characterize changes in the gut microbiome in de novo PD subjects before and after initiating 
carbidopa/levodopa 
Background: The gastrointestinal microbiome in patients with Parkinson’s disease is rapidly gaining interest in the 
field. The microbiome may play a role in the development and progression of PD. It may also be a promising 
biomarker for treatment response. However, the majority of research on the PD microbiome includes patients 
already taking dopaminergic medication. In order for accurate disease-related biomarkers to be developed, 
prospective, longitudinal studies on the impact of PD medications on the microbiome are needed. We prospectively 
assessed the impact of carbidopa/levodopa on the gut microbiome in de novo PD patients initiating this therapy. We 
also assessed whether phylogenetic diversity predicts treatment response to levodopa. 
Methods: Subjects with de novo idiopathic PD (n=19) were recruited from the UMass Neurology Clinic. Stool 
samples were collected before and 90 days after starting carbidopa/levodopa. 16s rRNA gene sequencing was used 
to identify the organisms present and relative abundances. Kruskal-Wallis test was used to compare the distribution 
of the phylogenetic diversity of the two groups (alpha and beta diversity pre and post-levodopa), and whether this is 
associated with change in MDS-UPDRS (categorized as non-responders, modest (<30%), excellent (>30%) 
responders). 
Results: Ninety days after levodopa initiation, subjects had a significant improvement in MDS-UPDRS (mean 
(SD)=10(12)). There were no significant differences in BMI or dietary habits. Alpha diversity (global diversity) did 
not differ significantly pre vs post-levodopa. Comparing the non-, modest, and excellent responders, the overall 
Kruskal-Wallis test showed no significant difference, but the between-group test showed a significant difference in 
alpha-diversity only between the modest and excellent responder groups. 
Conclusions: We preliminarily report that levodopa does not impact the gut microbiome in PD in a short-term, 
prospective study of de novo subjects. This helps support the existing literature, by suggesting that characteristics of 
the PD microbiome are likely disease-related rather than medication-related. Larger and longer studies are needed to 
further validate our findings, and to further explore the role of the microbiome in levodopa response. 
References: Keshavarzian, A., Green, S. J., Engen, P. A., Voigt, R. M., Naqib, A., Forsyth, C. B., . . . Shannon, K. 
M. (2015). Colonic bacterial composition in parkinson's disease. Movement Disorders : Official Journal of the 
Movement Disorder Society, 30(10), 1351-1360. doi:10.1002/mds.26307 [doi] Bedarf, J. R., Hildebrand, F., Coelho, 
L. P., Sunagawa, S., Bahram, M., Goeser, F., . . . Wüllner, U. (2017). Functional implications of microbial and viral 
gut metagenome changes in early stage L-DOPA-naïve parkinson’s disease patients. Genome Medicine, 9(1), 39. 
doi:10.1186/s13073-017-0428-y 

888 
Functional Limits of Stability and Standing Balance in people with and without Freezing of Gait 
N. Hasegawa, K. Maas, V. Shah, P. Carlson-Kuhta, J. Nutt, F. Horak, T. Asaka, M. Mancini (Portland, OR, USA) 
Objective: To investigate whether Freezing of Gait (FoG) impacts functional Limits of Stability (fLoS) and postural 
sway during quiet stance and dynamic balance in a cohort of 144 people with Parkinson’s disease (PD). 
Background: Balance is a complex construct with many contributing physiological systems. fLoS, defined as the 
voluntary maximum leaning forward or backward without taking a step, has been found to be related to perceived 
balance impairment in people with PD. People with PD experiencing FoG have worse perceived balance 
impairments compared to those who do not freeze. However, it is not clear if people with PD and FoG show worse 
balance impairments compared to people with PD with no reported FoG. 
Methods: Sixty-four people with FoG (PD+FoG, age: 68±8, MDS-UPDRS III: 46±12) and 80 non-freezers (PD-
FoG, age: 69±8, MDS-UPDRS III: 36±11) were tested off medication and compared with 79 healthy control 
subjects (HC, age: 68±8). All participants wore inertial sensors while performing a standing balance and LoS task. 
Subjects were asked to lean forward and backward as far as possible in LoS task, and fLoS was defined by the 
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maximum displacement in the forward and backward directions. In addition, sway area was measured both on firm 
and foam surfaces with eyes open. Standardized Mean Difference (SMD) was used to determine the effect size 
between each group. In addition, the Mini-BESTest was used as a clinical measure of dynamic balance. 
Results: PD+FoG (21±7cm) had significantly smaller fLoS compared to PD-FoG (27±11cm, p=0.01, SMD=-0.58) 
and HC (29±11cm, p<0.001, SMD=-0.83). In addition, both of PD subgroups showed larger postural sway on foam 
surface (>0.3m2/s4, p < 0.05, SMD>0.5) compared to HC (<0.2 m2/s4), but there were no significant differences in 
postural sway between PD with and without FoG (p = 1.0). Lastly, PD+FoG (17±5) scored worse in the Mini-
BESTest compared to PD-FoG (20±4) and HC (24±3). 
Conclusions: As expected people with PD showed several balance impairments in fLoS, standing balance, and the 
clinical Mini-BESTest compared to HC. Interestingly, FoG seems to further impact specific domains of balance 
such as fLoS, but not postural balance during quiet stance. 

889 
Synaptic dysfuncion in a Drosophila model of PARK14 
T. Hatano, A. Mori, T. Inoshita, K. Fukushima-Shiba, T. Koinuma, C. Yamashita, Y. Imai, N. Hattori (Tokyo, Japan) 
Objective: To investigate the association between lipid metabolism and synaptic function in Parkinson's disease 
(PD) due to PLA2G6 mutations. 
Background: The nervous system is enriched in lipids and contains a more diverse lipid composition than other 
tissues to maintain neuronal functions. The lipid composition affects synaptic function, but the underlying 
mechanisms in PD are insufficiently understood. PLA2G6has been isolated as the gene responsible for an autosomal 
recessive form of PD linked to thePARK14locus. Here, we used a Drosophilamodel of PARK14 for investigation of 
the mechanisms of PD. 
Methods: We generated Drosophila PLA2G6(CG6718) –null flies by CRISPR/Cas9 technology and we examined 
the larval neuromuscular junctions to evaluate neuronal synaptic function. We also analyzed the lipid composition in 
theDrosophila brain by using Electrospray Ionization-Mass Spectrometry. 
Results: Ultrastructure of the synaptic vesicles at the active zone in larval motor neurons showed that synaptic 
vesicles (SV) diameter in PLA2G6–null larvae was smaller than in control. Furthermore, SV density near the active 
zone of PLA2G6–null flies was higher than control. Spontaneous neuronal activity, assessed by miniature excitatory 
junction potential was decreased in PLA2G6–null flies. Measurement of brain lipid composition revealed that 
increased the proportion of phospholipids with short acyl chain in PLA2G6–null flies. 
Conclusions: This study revealed that a Drosophila model ofPARK14had abnormal SV morphology and function. 
Alteration of lipid composition might cause these abnormalities. The findings indicate that the manipulation of 
phospholipids in brain might be useful treatment for SV dysfunction in PARK14. 

890 
The effect of coexistent neurodegenerative disorders on the clinical features of idiopathic normal pressure 
hydrocephalus 
A. Hattori, T. Tsunemi, N. Hattori (Bunkyo-ku, Japan) 
Objective: To determine the prevalence of neurodegenerative disorders in idiopathic normal pressure hydrocephalus 
(iNPH) and their effects on the clinical features of iNPH. 
Background: To establish the diagnosis of iNPH can be challenging because the clinical symptoms are similar to 
neurodegenerative disorders like Alzheimer’s disease (AD)1.  Some studies have reported concomitant presence of 
neurodegenerative disorders in patients with iNPH, but their prevalence and effects on the clinical manifestations 
and consequence of LP shunt surgery remain undetermined. 
Methods: We retrospectively analyzed patients who have hospitalized in the department of Neurology, Juntendo 
University School of Medicine past ten years. This study includes iNPH patients who fulfilled the criteria of 
Probable iNPH in the Clinical Guidelines for iNPH2, Parkinson’s disease (PD) patients who fulfilled the criteria of 
clinically established PD in the MDS-PD criteria with small modifications3, Lewy body dementia (DLB) patients 
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who fulfilled the criteria of probable DLB in the DLB Consortium at the Degree of Lewy bodies Fourth consensus 
report4, progressive supranuclear palsy (PSP) patients who fulfilled the criteria of Probable PSP in the MDS-PSP 
criteria5, AD patients who fulfilled the criteria of AD in the National Institute Aging-Alzheimer Association 
Workgroup6. 
Results: Sixty-seven patients are met the criteria of iNPH. Among them, 33 patients also have other 
neurodegenerative disorders (iNPHwith) including 18 PD (27%), 8 PSP (12%), 5 DLB (7%) and 3 AD patients 
(4%). Remaining 34 patients (49%) developed iNPH without accompanying neurodegenerative disorders 
(iNPHonly). There are several differences in clinical features between iNPHwith and iNPHonly.  First, the mean 
onset age of iNPHwith PD tends to younger than the remaining other groups (p = 0.65). Second, iNPHwith PD and 
DLB show a decrease in 123I-ioflupan SPECT accumulation in striatum (p < 0.01).  Third, iNPHwith AD and DLB 
show lower MMSE (Minimum State Examinations) scores (p < 0.01). Finally, while iNPHonly consistently 
improves after LP shunt surgeries, the iNPHwith patients show transient improvements after surgeries. 
Conclusions: Our results illustrate that iNPH are often associated with neurodegenerative disorders, and coexisting 
these diseases affect clinical features of iNPH and most importantly, may limit the benefit of shunt surgeries. 
References: 1. Gallia GL, Rigamonti D, Williams MA. The diagnosis and treatment of idiopathic normal pressure 
hydrocephalus. Nat Clin Pract Neurol 2006;2(7):375-381. 2. Relkin N, Marmarou A, Klinge P, Bergsneider M, 
Black PM. Diagnosing idiopathic normal-pressure hydrocephalus. Neurosurgery 2005;57(3 Suppl):S4-16; 
discussion ii-v. 3. Marsili L, Rizzo G, Colosimo C. Diagnostic Criteria for Parkinson's Disease: From James 
Parkinson to the Concept of Prodromal Disease. Front Neurol 2018;9:156. 4. McKeith IG, Boeve BF, Dickson DW, 
et al. Diagnosis and management of dementia with Lewy bodies: Fourth consensus report of the DLB Consortium. 
Neurology 2017;89(1):88-100. 5. Hoglinger GU, Respondek G, Stamelou M, et al. Clinical diagnosis of progressive 
supranuclear palsy: The movement disorder society criteria. Mov Disord 2017;32(6):853-864. 6. McKhann GM, 
Knopman DS, Chertkow H, et al. The diagnosis of dementia due to Alzheimer's disease: recommendations from the 
National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. 
Alzheimers Dement 2011;7(3):263-269. 

891 
Neuropathy in patients treated with LCIG in the Czech and the Slovak Republic 
P. Havránková, J. Klempíř, J. Roth, E. Růžička, M. Baláž, M. Bareš, I. Rektorová, M. Kaiserová, P. Kaňovský, M. 
Minár, K. Gmitterová, P. Valkovič, M. Škorvánek, V. Haň, L. Skička, J. Necpál, M. Grófik, E. Kurča, R. Jech 
(Praha, Czech Republic) 
Objective: To identify occurrence, severity and clinical factors associated with neuropathy in patients with 
Parkinson's disease (PD) treated with LCIG (levodopa – carbidopa intestinal gel) in the Czech and Slovak 
population. 
Background: LCIG is a treatment for advanced PD administrated via PEG-J by means of a tube connected to an 
external pump. The most serious complication of LCIG treatment is neuropathy. 
Methods: Patients with an advanced stage of PD (N=263) from seven movement disorders centers were enrolled in 
our retrospective questionnaire study. The questionnaire included the number of LCIG patients, the mean LCIG dose 
and the experiences with neuropathy. In cases of acute neuropathy, when LCIG discontinuation was required, we 
were interested in the daily LCIG dose immediately prior to discontinuation, and the daily dose of levodopa 
(equivalent) prior LCIG initiation. We also evaluated the plasma levels of vitamin B12 and folate. 
Results: Neuropathy occurred in a total of 26 patients (10 - de novo neuropathy, 16- worsening of preexisting 
neuropathy). In all the centers, the median proportion of patients with neuropathy was 6.89 (0-34%) of all treated 
subjects. Out of all patients with neuropathy, half of them required a LCIG dose reduction and in 6 patients (1 male, 
mean age 63 yrs.) the LCIG therapy was discontinued due to severe acute neuropathy. Patients with acute 
neuropathy were administered with significantly higher dose (median 2494 mg, range 1122 – 2968 mg) than patients 
without neuropathy (median 1407 mg, range 1228-1578 mg), p = 0.016. In the group of patients with acute 
neuropathy, the daily LCIG dose was significantly higher than the daily dose of oral dopaminergic therapy prior to 
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the initiation of the LCIG treatment (median increase by 57% versus 30% in other LCIG patients), p < 0.05. Levels 
of vitamin B12 and folate were reduced in only 2 patients with acute neuropathy. 
Conclusions: The etiology of acute neuropathy as a complication of LCIG treatment is still unclear given the fact 
that a decrease in the level of vitamin B12 and folate was recorded in only a third of LCIG patients. Increased daily 
LCIG doses in patients with severe acute neuropathy suggest a potentially a dose-dependent toxic effect of LCIG. 
The setting of an upper LCIG daily limits or contraindication of a major increase of the daily LCIG dose by more 
than 50% after switching to LCIG, would prevent this serious complication. 
References: Merola A., Romagnolo A., Zibetti M., Bernardini A., Cocito D, Lopiano L. Peripheral neuropathy 
associated with levodopa-oerbidopa intestinal infusion: a long-prospective assessment. European Journal of 
Neurology 2016, 23: 501-509 

892 
Monitoring Parkinson’s disease symptoms during daily life: A feasibility study 
M. Heijmans, J. Habets, C. Herff, M. Kuijf, P. Kubben (Maastricht, Netherlands) 
Objective: This study explores the feasibility of a newly developed multimodal monitoring system, which aims to 
measure PD symptoms during daily life by combining wearable sensors with an experience sampling method (ESM) 
application. 
Background: PD symptoms are most often charted using the MDS-UPDRS. Well recognized limitations of this 
approach include the subjective character of these assessments and patients may very well perform different in the 
clinic compared to their home. Continuous wearable monitoring systems are believed to eventually replace the 
current golden standard of MDS-UPDRS, because more frequent and objective ratings of symptoms are more 
representative of the true clinical situation. 
Methods: Twenty idiopathic PD patients participated in this study. During a period of two consecutive weeks, the 
participants had to wear three wearable sensors (one at each wrist and one at the chest) and completed ESM 
questionnaires at seven semi-random moments per day. The sensors contained an accelerometer and gyroscope, 
which objectively measured movement along x, y, and z-axes. The ESM application contained repetitive questions 
about mood state, context and both motor and non-motor PD symptoms, answered on a 7-point Likert scale. The 
ESM data is subjective and free from recall bias since patients had to rate questions themselves and within a 15 
minute timeframe. 
Results: On average, participants completed 80% of the ESM questionnaires. Most of the patients found that the 
wrist (60%) and chest (80%) sensors were comfortable to wear. Despite this high percentage, only 30% and 50% is 
willing to wear the wrist and chest sensors on a chronic basis. All patients found the ESM application easy to use, 
85% said all ESM questions were clear and 50% of the participants is even willing to use the ESM application for 
longer than two weeks. ESM data will be further validated in order to define PD symptom algorithms for the 
wearable data, and to correlate the wearable data with the ESM data. 
Conclusions: These preliminary results show that this multimodal PD monitoring system is a feasible method to use 
for at least a period of two weeks. For longer use, the monitoring system may be too intense and the wearable 
sensors too uncomfortable. 

893 
Influence of spatial filtering on EEG signal stochasticity measurements in Parkinson’s Disease 
D. Herraez-Aguilar, A. Maitín, R. Perezzan, D. Del Castillo, I. Serrano, E. Rodríguez, E. Rocon, A. Arroyo, J. 
Andreo, J. Romero (Pozuelo de Alarcon, Spain) 
Objective: The aim of this study is the analyisis of the influence of various spatial filtering procedures (reference 
election) on a collection of signals stochasticisty measurements of EEG recordings, including different estimators of 
brain entropy, an non-linearity properties. 
Background: Parkinson’s Disease is a degenerative neural disorder involving both motor and congitive 
dysfunctions, as the result of the progressive loss of dopaminergic neurons, so that the brain connectivity patterns 
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are supossed to be deeply modified [1-2]. Electroencepalography is a noninvasive techince widely used in 
neuroscience as a real-time brain function probe. From the pool of statistical proporties of EEG recordings, those 
related with the signal stochasticisty are frequently associated to the brain information processing, in such a way that 
their patterns have become usual targets in the developement of brain disorders biomarkers. However tens of 
statistical properties, not necessarily related, can be used in order to describe the “brain entropy”. Furthermore, these 
porperties are usually strongly dependent on the chosen EEG reference and montage [3-5]. This scenario causes 
confusion regarding the relationship between the meaning of these properties, and their relationship with the brain 
conectivity and information processing alterations. 
Methods: Sixty-
four channel EEG were recorded from a group of Parkinson’s Disease patients, paried with a equivalent control grou
p. EEG signals artifacts were cleaned by using standard Matlab EEGLab platform. Statistical properties of EEG 
signals were calculated through Matlab and Mathematica libraries. 
Results: Preliminary 
results show that any alteration in the EEG signal will produce an alteration in the statistical parameters, being modif
ied those associated to the average of all the electrodes, and those associated to each electrode individually, 
and therefore to its topological location. 
Conclusions: Both brain connectivity and entropy patterns obtained from EEG recordings are strongly dependent on 
the spatial filtering method. Therefore, this should lead to caution when interpreting these patterns as signs of 
disease. 
References: [1] Olde Dubbelink KT1, Stoffers D, Deijen JB, Twisk JW, Stam CJ, Berendse HW. (2013) Cognitive 
decline in Parkinson's disease is associated with slowing of resting-state brain activity: a longitudinal study. 
Neurobiol Aging, 2013, 34, 408 [2] Bertrand J.A., McIntosh A. R., Postuma R.B., Kovacevic N., Latreille V., 
Panisset M., Chouinard S., Gagnon J. F., (2016) Brain Connectivity Alterations Are Associated with the 
Development of Dementia in Parkinson's Disease, 2016, 6, 216 [3] Chella, F., Pizzella, V., Zappasodi, F. , 
Marzzetti, L. (2016). Imapct of the reference choice on Scalp EEG conectivity estimation. Journal of Neural 
Engineering, 2016, 13, 036016 [4] Trambaiolli, L.R., Lorena, A. C., Fraga, F. J., Kanda, P.A.M.K, Nitrini, R. and 
Anghiniah R. (2011) Does EEG Montage Influence Alzheimer's Disease Electroclinig Diagnosis? International 
Journal of Alzheimer's Disease, 2011, 761891 [5] Xu Lei, and Keren Liao (2017) Understanding the Influences of 
EEG Reference: A Large-Scale Brain Network Perspective, Frontiers in Neuroscience, 11, 205. 
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894 
The ultrasonographic assessment of vagus nerve atrophy comparison with autonomic dysfunction in 
Parkinson’s disease 
T. Hirato, S. Abe, H. Saiki (Kita-ku, Osaka, Japan) 
Objective: To investigate the relationship between vagus nerve atrophy and clinical manifestation in Parkinson’s 
disease (PD). 
Background: PD is the progressive neurodegenerative disease and causes not only motor symptoms but also non-
motor symptoms including autonomic dysfunction. Recently, the alpha-synuclein ascending pathway via the vagus 
nerve has been noticed as one possibility of the pathogenesis of PD. 
Methods: During July 2018 and February 2019, we examined the patients who admitted to our hospital due to the 
parkinsonian symptoms. The neurosonologist who was blinded clinical information performed the cervical 
ultrasonography and measured the cross-sectional area and diameter of the vagus nerve. We recruited the patients 
with PD determined by the Movement Disorder Society Clinical Diagnostic Criteria for PD and evaluated disease 
duration, motor dysfunction, autonomic function, olfactory discrimination function and image findings such as 123I-
MIBG cardiac scintigraphy. The assessment of constipation is based on history taking. 
Results: We enrolled 30 patients with PD (median age: 62[54-70], disease duration: five years [1-10]). The third 
part of the Unified Parkinson’s Disease Rating Scale (UPDRS-III) was 29(median)[30(patients), 18-42(IQR)]. The 
Score of odor stick identification test for Japanese (OSIT-J) was 5.0(median)[25(patients), 2.5-8.0(IQR)] The 
coefficient of variation of R-R intervals was 1.89(median)[27(patients), 1.42-2.51(IQR)]. 123I-MIBG cardiac 
scintigraphy was evaluated 25 patients and cardiac MIBG uptake was reduced in twenty patients. 12 patients 
presented orthostatic hypotension and 19 patients had constipation. Constipation was associated with the sum of 
cross-sectional area of the right and left vagus nerve (P=0.02). On the other hand, disease duration, motor function, 
and olfactory discrimination function had no statistically significant relationship. 
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Conclusions: Our study suggested that vagus nerve atrophy was associated with constipation, whereas other 
autonomic functions and vagus nerve atrophy had no statistically significant relationship. This is compatible with 
the hypothesis that alpha-synuclein spreads from the enteric nervous system via the vagus nerve. 
References: 1. Hawkes CH, Del Tredici K, Braak H. Parkinson’s disease: A dual-hit hypothesis. Neuropathol Appl 
Neurobiol. 2007;33:599–614. 2. Pelz JO, Belau E, Fricke C, Classen J, Weise D. Axonal Degeneration of the Vagus 
Nerve in Parkinson’s Disease—A High-Resolution Ultrasound Study. Front Neurol. 2018;9 November:1–4. 
doi:10.3389/fneur.2018.00951. 3. Walter U, Tsiberidou P, Kersten M, Storch A, Löhle M. Atrophy of the Vagus 
Nerve in Parkinson’s Disease Revealed by High-Resolution Ultrasonography. Front Neurol. 2018;9 September:1–6. 
doi:10.3389/fneur.2018.00805. 4. Fedtke N, Witte OW, Prell T. Ultrasonography of the vagus nerve in Parkinson’s 
disease. Front Neurol. 2018;9 JUL:1–3. 5. Tsukita K, Taguchi T, Sakamaki-Tsukita H, Tanaka K, Suenaga T. The 
vagus nerve becomes smaller in patients with Parkinson’s disease: A preliminary cross-sectional study using 
ultrasonography. Parkinsonism Relat Disord. 2018; xxxx. doi:10.1016/j.parkreldis.2018.06.002. 

895 
Relationship between intestinal bacteria, bacterial metabolites and residual pesticides in Parkinson's disease 
M. Hirayama, T. Hamaguchi, M. Ito, T. Ishida, M. Kuki, T. Maeda, K. Kashihara, Y. Tsuboi, K. Ohno (nagoya, 
Japan) 
Objective:  
We examined the relationship between intestinal bacteria, oral bacteria, bacterial metabolites, residual pesticides and 
clinical symptoms. 
Background: Intestinal environment is thought to be involved in the onset of PD. It is pointed out that changes in 
the intestinal bacterial flora, in particular, have a great influence on the cause and the degree of progression of 
pathological conditions including other diseases. Last year, we reported a meta analysis of intestinal bacteria 
including self cases. In that report, the intestinal flora of the world was greatly different in America, Europe and 
Asia. Asia has less incidence of PD. The difference between intestinal bacteria in PD patients and healthy subjects（
HC） in Asia is likely to develop stronger PD. 
Methods:  
87 elderly HC, 143 PD patients, 22 patients with REM sleep behavior, and 22 patients with DLB were examined. 
The compositions of intestinal bacteria and oral bacteria were analyzed using 16 s rRNA. In selected PD patients 
and HC, Metagenomic analysis was performed using illumina hiseq 2000, and the obtained data was assembling 
using megahit to perform functional analysis. Short chain fatty acid composition and pH in feces were also 
measured. The influence of remaining pesticide in the urine was also analyzed. 
Results: There was no clear difference in α diversity and β diversity between HC and disease. In PD patients, 
Faecalibacterium and Blautia were decreased. Akkermancia was increased. In the functional analysis using Picrust, 
the function related to short-chain fatty acid metabolism was reduced. Metagenomic function analysis was almost 
same results. Short chain fatty acids in feces decreased and branched chain fatty acids increased. As the severity 
increased, butyric acid bacteria decreased. The pH in feces increased. Some salivary flora correlated with the 
composition of butyric acid bacteria. The amount of residual pesticide in urine was increased in patients with PD. 
Conclusions: Production of short chain fatty acids and branched chain fatty acids are produced by intestinal 
bacteria. The results agreed with the change in the product. In addition, while HC is living with PD patients, residual 
agricultural chemicals in the HC urine is lower than PD. It was considered possible that it might be related to 
absorption in the intestine. 
References: 1. Hasegawa S, Goto S, Tsuji H, Okuno T, Asahara T, Nomoto K, Shibata A, Fujisawa Y, Minato T, 
Okamoto A, Ohno K, Hirayama M. Intestinal Dysbiosis and Lowered Serum Lipopolysaccharide-Binding Protein in 
Parkinson's Disease. PLoS One 2015, 10: e0142164. 2. Minato T, Maeda T, Fujisawa Y, Tsuji H, Nomoto K, Ohno 
K, Hirayama M. Progression of Parkinson's disease is associated with gut dysbiosis: Two-year follow-up study. 
PLoS One 2017, 12: e0187307. 3. Abe K, Hirayama M, Ohno K, Shimamura T. An Enterotype-like Unigram Class 
Model for Identifying Microbial Associations with Diseases. BMC Bioinformatics 2018, 4. Abe K, Hirayama M, 
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Ohno K, Shimamura T. A latent allocation model for the analysis of microbial composition and disease. BMC 
Bioinformatics 2018, 19: 519. 

896 
Impaired lysosomal catabolism of alpha-synuclein in parkinsonian LRRK2(R1441G) mutant mouse 
embryonic fibroblasts 
W.L. Ho, C.T. Leung, H.F. Liu, L.F. Li, D.B. Ramsden, S.L. Ho (Hong Kong, Hong Kong) 
Objective: Using a unique fluorescence-based flow cytometry assay on LRRK2(R1441G) mutant mouse embryonic 
fibroblasts (MEFs) to elucidate whether pathogenic LRRK2 mutation affects cellular lysosomal degradation of a-
synuclein. 
Background: Accumulation of misfolded a-synuclein aggregates in the brain is integral to the pathogenesis of 
Parkinson’s disease (PD).Endogenous a-synuclein protein is mainly catabolized via both the proteasome and 
autophagic pathways. However, when a-synuclein aggregates to form higher molecular weight species, lysosomes 
play a more dominant role in their degradation. Leucine-rich repeat kinase 2 (LRRK2) mutations form a common 
genetic risk of familial and sporadic PD. How LRRK2 mutations cause synucleinopathy is unclear. We hypothesize 
that LRRK2 mutation impairs lysosomal degradation of a-synuclein leading to formation of toxic a-synuclein 
aggregates in PD brain. We generated knockin mice carrying the homozygous LRRK2(R1441G) mutation as an in 
vivo model of PD [1,2]. 
Methods: MEFs were derived from LRRK2(R1441G) knockin mice and their wildtype (WT) littermates. Cells were 
transduced by lentivirus to express full-length a-synuclein conjugated with photoactivated-PAmCherry.  Total 
cellular clearance of a-synuclein conjugates was measured at different time points by flow cytometry after 
photoactivation by UV-A (405 nm). Contribution of lysosomes in total cellular degradation was determined by 
decrease in percentage substrate clearance after treatment of lysosomal inhibitors. Total lysosomal activity in WT 
and mutant MEFs was also determined based on degradation of a self-quenched lysosomal-specific substrate. 
Results: Abnormal perinuclear clustering of lysosomes was observed in LRRK2(R1441G) mutant MEF(s) as 
compared to WT controls suggesting perturbed lysosomal degradation. Total lysosomal activity and specific 
clearance of a-synuclein in mutant cells were significantly lower than WT. Lower contribution of lysosomal 
degradation to overall protein degradation was found in mutant than WT MEFs after treatment with bafilomycin A1 
and chloroquine. 
Conclusions: Comparing to WT, cells carrying LRRK2(R1441G) mutation degrade a-synuclein more slowly partly 
because of impaired lysosomal degradation.  Agents to induce lysosome activity to degrade a-synuclein in neurons 
may be a viable strategy to address synucleinopathies in PD. 
References: [1] Liu HF, Ho PWL, Leung GC, Lam CS, Pang SY, Li LF, Kung MHW, Ramsden DB, Ho SL*. 
Combined LRRK2 mutation, aging and chronic low dose oral rotenone as a model of Parkinson’s disease. Sci Rep. 
2017; 7:40887. doi:10.1038/srep40887 [2] Liu HF, Lu S, Ho PWL, Tse ZHM, Pang S, Kung MHW, Ho JWM, 
Ramsden DB, Zhou ZJ, Ho SL*. LRRK2 R1441G mice are more liable to dopamine depletion and locomotor 
inactivity. Ann Clin Transl Neurol. 2014; 1(3):199-208. 

897 
Drug Utilization in a Real World Cohort with Progressive Supranuclear Palsy 
G. Hoeglinger, D. Oleske, J. Zamudio, R. Diegidio, J. Holman (Munich, Germany) 
Objective: To evaluate the frequency of prescription medications commonly associated with the management of 
PSP in the community. 
Background: Progressive Supranuclear Palsy (PSP) is a chronic neurodegenerative disorder with no current 
treatment to control its progression.  Understanding concomitant prescription drug utilization in real world settings 
is important, given the broad spectrum of physical, autonomic, and neuropsychiatric manifestations of this 
disease.  Drugs used in treating PSP could impact the efficacy and safety profile of biotherapeutics in development 
for controlling its progression. 
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Methods: Included were patients with first diagnosis of PSP [ICD-10 G23.1] during 2010-2017, aged ≥40, both 
sexes, from electronic medical records databases sourced by Disease Analyzer (IQVIA) of general practitioners and 
internists in Germany. Drug utilization was determined by prescriptions written (excluding topicals, vaccines, 
vitamins) within 180 days pre- and post-PSP diagnosis and classified by ATC coding, focusing on those associated 
with PSP-manifestations. Statistical analyses were performed with SAS. 
Results: In the cohort of 96 patients [mean age at diagnosis 73.7 (7.7 s.d.) years, 51% male], 61% had a prior 
diagnosis of Parkinson’s disease (PD) and 57% were prescribed drugs from 5 or more ATC2 categories prior to PSP 
diagnosis. The five most common CNS drug categories were: anti-Parkinson, 38.5%; anti-depressants & mood 
stabilizers, 22.9%; non-narcotic analgesics, 21.9%; hypnotics & sedatives, 10.4%; and anti-psychotics, 10.4%.  Of 
the anti-Parkinson’s drugs, L-Dopa and derivatives were the most common (28.1%); use increased but not 
significantly post-diagnosis from pre-diagnosis in all PSP patients. Among those patients without a prior PD 
diagnosis, a significant increased use of L-Dopa post PSP diagnosis was found (p=0.02). Antidepressants & mood 
stabilizer prescriptions did not significantly change pre- and post-PSP diagnosis nor by prior diagnosis of PD.  More 
females were prescribed antidepressants & mood stabilizers before PSP diagnosis compared to males (36.2% and 
10.2%, respectively, p<0.01), but no difference was found by age. 
Conclusions: L-Dopa and derivatives are commonly prescribed in persons with PSP before and after diagnosis even 
though PSP is considered a L-Dopa resistant form of parkinsonism. Management of neuropsychological conditions 
remains important after PSP diagnosis. 

898 
Neuropsychiatric Symptoms in Early to Advacned Patients with the Richardson’s Syndrome Variant of 
Prograssive Supranuclear Palsy 
A. HORTA-BARBA, J. PAGONABARRAGA, S. MARTINEZ-HORTA, B. PASCUAL-SEDANO, J. MARIN-LAHOZ, J. 
PEREZ-PEREZ, I. ARACIL-BOLANOS, H. BEJR-KASEM, A. CAMPOLONGO, C. IZQUIERDO, F. SAMPEDRO, J. 
KULISEVSKY (BARCELONA, Spain) 
Objective: To know prevalence of neuropsychiatric symptoms in Progressive Supranuclear Palsy along disease 
stages. 
Background: Neuropsychiatric symptoms are common features in patients with Progressive Supranuclear Palsy 
(PSP). Despite the majority of PSP patients will experience some psychopathology during their lifetime, little is 
known about the prevalence of these symptoms along disease stages. 
Methods: Thirty patients with the Richardson´s syndrome variant of PSP (PSP-RS) were selected from a 
consecutive series. Based on clinical diagnosis and disease duration, patients were classified as early PSP-RS 
(disease duration 1.6±0.4 years), mid-stage PSP-RS (disease duration 3.3±0.7 years), and advanced PSP-RS (disease 
duration 6.1±1.4 years). The Neuropsychiatric Inventory (NPI) was used to explore the prevalence and correlates of 
11 behavioural symptoms: delusions, hallucinations, agitation/aggression, dysphoria, anxiety, euphoria, apathy, 
disinhibition, irritability/lability, aberrant motor activity, night-time behavioural disturbances and appetite and eating 
abnormalities. A NPI severity score ≥2 was used to determine the existence if clinically relevant symptoms. 
Results: In early PSP-RS, clinically relevant symptoms of anxiety were present in 11% of patients, sleep 
disturbances in 22%, eating abnormalities in 22%, depression in 33%, irritability in 55% and apathy in 67%. In mid-
stage PSP-RS, delusions, hallucinations and aberrant motor activity were found in 11%, aggression and euphoria in 
18%, disinhibition and eating abnormalities in 22%, anxiety and irritability in 33% depression and sleep disorders in 
65% and apathy in 78%. In advanced-PSP, hallucinations and aggression increased to 22%, eating abnormalities to 
44% and irritability to 55%. A slight decrease on severity was found for depression (55%), anxiety and euphoria 
(10%), disinhibition (10%), sleep disturbances (22%) and apathy (67%). 
Conclusions: Multiple neuropsychiatric features develop in an important proportion of PSP patients since the 
earliest stages of the disease. Over disease progression some improvement is found for some symptoms (possibly 
related to drug treatment and management) whereas others worsen over time. Apathy, irritability and depression are 
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the most common neuropsychiatric symptoms in all stages of PSP-RS, and psychosis and eating abnormal 
behaviours worsen over time. 

899 
Motor Responses to Apomorphine Sublingual Film Compared With Levodopa in Patients With Parkinson’s 
Disease and “OFF” Episodes: Post Hoc Analysis From a Phase 3 Study 
J. Hui, S. Fox, W. Neeson, P. Bhargava, E. Pappert, D. Blum, B. Navia (Los Angeles, CA, USA) 
Objective: To compare time to onset and magnitude of motor improvement following administration of 
apomorphine sublingual film (APL-130277; APL) vs levodopa in patients with Parkinson’s disease (PD) and “OFF” 
episodes. 
Background: APL was found to be effective and generally well tolerated as an acute, intermittent treatment for 
“OFF” episodes in patients with PD in a controlled Phase 3 trial. 
Methods: Adult patients with PD and “OFF” episodes receiving levodopa were enrolled into this Phase 3 trial. At 
screening, patients in a clinically defined “OFF” state were observed for a FULL “ON” response following their 
normal morning levodopa dose. During open-label titration, patients received 10–35 mg of APL in 5-mg increments 
per day until a FULL “ON” response was achieved without intolerable side effects. In this post hoc analysis, motor 
responses following open-label APL and levodopa administration (n=109) were compared by descriptive statistics 
using the Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) Part III score assessed predose, and 15, 30, 45, 60, and 90 minutes postdose. 
Results: One hundred nine and 108 patients treated with APL and levodopa, respectively, were analyzed. Predose 
MDS-UPDRS Part III scores were comparable at screening and titration (43.5 vs 43.1). The magnitude of motor 
response with APL was ~2-fold higher than with levodopa (-12.6 vs -6.0) at 15 minutes postdose and the observed 
mean response to APL was greater through 45 minutes postdose. Peak response to APL occurred earlier (45 
minutes) than with levodopa (90 minutes), and the magnitude of peak responses was comparable (-26.1 vs -27.9). 
Responder (defined as a ≥30% decrease in MDS-UPDRS Part III score from predose) rates were 43% vs 18% at 15 
minutes and 93% vs 50% at 30 minutes for APL and levodopa, respectively. 
Conclusions: APL was associated with an earlier onset of motor improvement and earlier peak response vs 
levodopa in patients with PD and “OFF” episodes. Responder rates were also higher with APL while the magnitude 
of peak response was similar between APL and levodopa. 

900 
Metabolic syndrome and insulin resistance in Parkinson’s disease: could they affect motor or cognitive 
symptoms? 
M. Hussein, A. Khamis, R. Soliman, S. Ali (Beni suef, Egypt) 
Objective: The objective of this work was to detect the markers of metabolic syndrome and insulin resistance in 
patients with PD and to study their impact on motor and cognitive symptoms. 
Background: There is strong evidence that Parkinson’s disease (PD) and type 2 diabetes mellitus (DM) share many 
similar dysregulated pathways suggesting common underlying pathological mechanisms. The presence of DM in 
patients with PD was also found to accelerate progression of both motor and cognitive symptoms. 
Methods: The study was conducted on 37 patients fulfilled the criteria for diagnosis of idiopathic PD based on 
British Brain Bank criteria, and 27 healthy controls. Motor function for the included patients was assessed using 
Unified Parkinson’s disease Rating Scale (UPDRS). Cognitive function was assessed using PD-Cognitive Rating 
Scale (PD-CRS). Fasting blood sugar, triglycerides, high density lipoprotein, fasting insulin level (FI), Homeostatic 
Model Assessment-Insulin Resistance (HOMA-IR) were measured for all included patients and controls. 
Results: PD patients were found to have significantly higher levels of FI (P-value= 0.003) and HOMA-IR (P-value= 
0.003) than controls. The frequency of metabolic syndrome was higher in PD patients than controls (χ2 =7.752, P-
value= 0.005, OR=4.385, 95% CI=1.51-12.74). PD patients with metabolic syndrome were found to have 
significantly higher scores of UPDRS (P-value= 0.012) and lower scores of PD-CRS (P-value= 0.006) than those 
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without metabolic syndrome. There was a statistically significant positive correlation between UPDRS scores and 
both FI level (r coef.=0.809, P-value˂0.001) and HOMA-IR (r coef.= 0.726, P-value˂0.001). There was a 
statistically significant negative correlation between PD-CRS scores and both FI level (r coef.= -0.698, P-
value˂0.001) and HOMA-IR (r coef.= -0.652, P-value ˂ 0.001). 
Conclusions: The incidence of both metabolic syndrome and insulin resistance is higher in patients with PD than 
healthy controls and their presence significantly affect both motor and cognitive symptoms in patients with PD. 

901 
Towards unobtrusive Parkinson’s disease detection via motor symptoms severity inference from multimodal 
smartphone-sensor data 
D. Iakovakis, S. Hadjidimitriou, V. Charisis, K. Kyritsis, A. Papadopoulos, M. Stadtschnitzer, H. Jaeger, I. Dagklis, 
S. Bostantjopoulou, Z. Katsarou, L. Klingelhoefer, S. Mayer, R. Reichmann, D. Trivedi, A. Podlewska, A. Rizos, K. 
Chaudhuri, A. Delopoulos, L. Hadjileontiadis (Thessaloniki, Greece) 
Objective: To provide clinically-corroborated evidence of the Parkinson’s disease (PD) diagnostic potential of 
machine learning-based approaches for motor symptoms severity inference via multimodal data, passively captured 
during the natural use of smartphones. 
Background: PD symptoms can be mild in the early stages and they usually go unnoticed, leaving the disease 
undiagnosed for years [1]. Subtle motor manifestations may start five to six years prior to PD clinical diagnosis and 
thereafter progress quickly [2]. Motor impairment affects daily activities and can severely impact patients’ quality 
over the course of the disease. Information derived from mobile electronic sensors can provide, via algorithmic 
transformation, objective and dense information of an individual’s motor status, allowing for frequent relevant 
symptoms early screening and subsequent monitoring. 
Methods: We analyzed longitudinal recordings of tri-axial accelerometer, voice and keystroke timing data, captured 
passively from 70 PD patients and healthy controls (HC) [Table 1], in their daily life via the iPrognosis Android 
smartphone application, for relevant motor symptoms severity inference. [Figure1], [Figure2] and [Figure3] depict 
the proposed processing pipelines, whereas, [Table 2], [Table 3] and [Table 4] epitomize the datasets exploited per 
modality. Voice features and accelerometer data were captured while subjects were using their mobile device for 
phone calls, to infer speech impairment and action tremor, respectively. Moreover, keystroke timing data were 
captured during touchscreen typing on the iPrognosis custom software keyboard and analyzed to estimate dominant-
hand rigidity and bradykinesia severity [3]. Subjects underwent medical evaluation in order to obtain the UPDRS 
Part-III scores used as ground truth. 
Results: Diagnostic (PD patient vs. HC) performance of the symptom-inference pipelines is summarized in 
[Table5]. 
Conclusions: The proposed methods for motor symptoms inference show promising PD diagnostic performance in 
our relatively small clinically-evaluated cohorts. Our results highlight the potential of evolving these methods into 
an objective PD screening/monitoring tool that could support clinical diagnosis, drug response assessment and 
decision-making. Passive capturing of the required input data further fosters evaluation of individuals’ natural 
behavior, as well as long-term adherence. 
References: 1. Hawkes, C. H., Del Tredici, K., and Braak, H. (2010). A timeline for Parkinson's disease. 
Parkinsonism Relat. Disord. 16, 79–84. doi: 10.1016/j.parkreldis.2009.08.007 2. Fereshtehnejad, S. M., et al. 
"Evolution of Motor and Non-Motor Manifestations in Prodromal Parkinsonism." MOVEMENT DISORDERS. 
Vol. 33. No. 12. 111 RIVER ST, HOBOKEN 07030-5774, NJ USA: WILEY, 2018. Hawkes, Christopher H., Kelly 
Del Tredici, and Heiko Braak. "A timeline for Parkinson's disease." Parkinsonism & related disorders 16.2 (2010): 
79-84. 3. Iakovakis, Dimitris, et al. "Motor impairment estimates via touchscreen typing dynamics towards 
Parkinson’s disease detection from data harvested in-the-wild." Frontiers in ICT 5 (2018): 28. 
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902 
Accuracy of preoperative microelectrode trajectory planning in patients treated with DBS - an ongoing study 
S. Ibrulj, S. Delalić, M.B. Benedičič, D. Georgijev, D.F. Flisar, M. Trošt (Ljubljana, Slovenia) 
Objective: To retrospectively analyze the accuracy of the preoperative Deep Brain Stimulation (DBS) trajectory 
planning based on final trajectories chosen with intraoperative neurophysiological testing and to  determine the 
change in the success rate of the preoperative trajectory planning with yearly experience. 
Background: Intraoperative neurophysiological testing in patients treated with DBS provides crucial information 
for the optimal choice of final electrode  placement and patients’ clinical outcome. Preoperatively, an optimal 
(central) trajectory for microelectrode placement is chosen by a neurosurgeon. During intraoperative testing four 
additional trajectories (anterior, posterior, lateral, medial) are tested and compared in effect. Discontinuation of 
intraoperative testing may follow successful preoperative planning. 
Methods: We gathered data on final trajectories chosen from 25 patients treated with DBS in our center between 
Jan. 2014 and Dec. 2018. Indications for DBS were Parkinson's disease (PD), Essential tremor (ET) and Dystonia 
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(DYS). The DBS target for all PD patients was the Subthalamic Nucleus (STN), the Ventral Intermedian Nucleus 
(VIM) for ET patients and Globus Pallidus internus (GPi) for DYS patients. Trajectories were analyzed for each 
individual target (n= 50). Separate analyses for STN (n= 40), GPi (n=2) and VIM (n= 8) trajectories were 
conducted. Additionally, we analyzed final trajectories chosen for each year separately. 
Results: Analysis of all targets (n=50) showed that the central trajectory was finally chosen in 24 (48%) cases. 
Trajectory analysis for STN target (n=40) showed that the central trajectory was finally chosen in 19 (47.5%) cases. 
The central trajectory was chosen in both GPi targets (100%). Among 8 VIM targets, the central trajectory was 
chosen in 3 (37.5%), and the posterior in 5 (62.5%). Yearly analysis showed that the central trajectory was 
chosen  in 37.5 % cases in 2015 (n=8), 14.2% in 2016 (n=6), 83% in 2017 and 63% in 2018 (n=22). 
Conclusions: Our results show an important role of the intraoperative neurophysiological monitoring for the final 
lead placement. GPi trajectory planning showed best success, while VIM showed poorest. Preliminary results 
suggest a trend in higher success of preoperative planning with each following year. We predict further 
improvement with more experience. 

903 
Parkinson’s disease polygenic risk score is not associated with impulse control disorders: a longitudinal study 
J. Ihle, F. Artaud, S. Bekadar, G. Magnone, H. Bertrand, S. Sambin, L.L. Mariani, C. Scherzer, A. Elbaz, J.C. 
Cornol (Paris, France) 
Objective: To examine the relationship between a polygenic risk score (GRS) associated with Parkinson’s disease 
(PD) and impulse control disorders (ICDs) in PD. 
Background: Genome wide association studies (GWAS) have brought forth a GRS associated with increased risk 
of PD and younger disease onset. Impulse control disorders (ICDs) are frequent adverse effects of dopaminergic 
drugs and are also more frequent in patients with younger disease onset. There are few known susceptibility genes 
for ICDs, and it is unknown whether ICDs and PD share genetic susceptibility. 
Methods: We used data from a multicentre longitudinal cohort of consecutive PD patients with less than 5 years of 
disease duration at baseline followed annually up to 6 years (DIG-PD). At each visit, symptoms of dopaminergic 
dysregulation in different activities were evaluated by movement disorders specialists during face-to-face 
semistructured interviews. ICDs are defined by a diagnosis of compulsive gambling, buying, eating, or sexual 
behavior. We genotyped DNAs using the Megachip assay (Illumina) and calculated a weighted GRS based on 41 
SNPs associated with PD [1]. We estimated the association between GRS and prevalence of ICDs at each visit using 
Poisson generalized estimating equations, adjusted for time since baseline, age and disease duration at baseline, sex, 
marital status, education level, use of dopamine agonists (DA) and levodopa. Analyses were performed overall and 
restricted to DA users. 
Results: Of 403 patients, 185 developed ICDs. Patients with younger age at onset had a higher prevalence of ICDs 
(p<0.001) as well as higher GRS values (p=0.06). At baseline, there was no association between the GRS and ICDs 
(overall, p=0.13; DA users, p=0.83). The prevalence of ICDs increased over time similarly in the quartiles of the 
GRS (overall, p=0.23; DA users, p=0.71). 
Conclusions: Our findings are not in favor of common susceptibility genes for PD and ICDs. Additional studies are 
needed to understand the genetic factors and mechanisms leading to ICDs in PD. 
References: [1] Chang D, Nalls MA, Hallgrimsdottir IB, et al. A meta-analysis of genome-wide association studies 
identifies 17 new Parkinson's disease risk loci. Nat Genet 2017;49:1511-1516 

904 
Skin in the game: Small fiber neuropathy in Parkinson’s disease and atypical parkinsonisms. 
R. Infante, G. Rizzo, A. Incensi, C. Scaglione, S. Capellari, V. Donadio, R. Liguori (Bologna, Italy) 
Objective: The aim of our study was to compare somatic and autonomic small fiber density, through skin biopsy, in 
Parkinson's disease (PD) and atypical parkinsonisms (AP), in particular progressive supranuclear palsy (PSP) and 
corticobasal syndrome (CBS). 

This article is protected by copyright. All rights reserved.



Background: Increasing evidence suggests a high prevalence of small fiber neuropathy (SFN) in neurodegenerative 
disorders [1]. At present, while various studies focussed on SFN in synucleinopathies, mainly PD [2,3], data 
concerning tauopathies associated with parkinsonism are still lacking. 
Methods: We recruited 27 patients with a clinical diagnosis of PD and phosphorylated α-synuclein (p-syn) deposits 
on skin biopsy (19F, mean age 72±7,5y, mean disease duration 5±5y, mean UPDRS score 28±11) and 19 patients 
with a clinical diagnosis of progressive supranuclear palsy (PSP)/corticobasal syndrome (CBS), without p-syn on 
skin biopsy (15F, mean age 71,5±7y, mean disease duration 2,3±1y, mean UPDRS score 35±9). Any possible causes 
of peripheral neuropathy, such as diabetes, were excluded. All patients underwent skin biopsies from proximal (i.e. 
cervical) and distal (i.e. thigh and leg) skin sites, with quantification of somatic and autonomic innervation. 25 
matched healthy subjects served as controls. 
Results: Epidermal nerve fiber density resulted normal in all controls. All (100%) PD patients showed reduced 
somatic innervation, with 93% presenting also with autonomic involvement. Regarding the tauopathies, skin biopsy 
revealed abnormal somatic innervation in 74% of cases; notably, autonomic denervation was detected only in 42% 
of patients, while no abnormalities were disclosed in26.3%. Patients affected by SFN presented with higher age, 
disease duration and UPDRS score. 
Conclusions: Our study showed a lower prevalence of SFN in tauopathies, compared with synucleinopathies, with a 
remarkable preservation of autonomic small fibers. These data confirm skin biopsy as a useful technique in the 
differential diagnosis of parkinsonisms, through evaluation of both p-syn deposits and innervation, providing 
interesting implications concerning the pathology of these disorders. 
References: [1] Cazzato D, Lauria G. Small fibre neuropathy. Curr Opin Neurol. 2017 Oct;30(5):490-499. [2] 
Podgorny PJ, Suchowersky O, et al. Evidence for small fiber neuropathy in early Parkinson's disease. Parkinsonism 
Relat Disord. 2016 Jul;28:94-9. [3] Nolano M, Provitera V, et al. Loss of cutaneous large and small fibers in naive 
and l-dopa-treated PD patients. Neurology. 2017 Aug 22;89(8):776-784. 

905 
Impact of OFF periods on aspects of employment for people with Parkinson’s disease 
I. Iresha Abeynayake, L. Marinucci, M. Klingler, C. Kenney (Aardsley, NY, USA) 
Objective: To characterize the impact of OFF periods on aspects of employment for people with Parkinson’s 
disease (PD) who have OFF periods compared to those who do not experience OFF periods. 
Background: PD can have a financial burden on patients and their families. To better understand the burden, the 
Michael J. Fox Foundation (MJFF) and the Parkinson’s Foundation deployed the “Financial and Social Impact of 
Parkinson’s Disease Survey” to assess the financial burden of PD. 
Methods: Survey results presented here are data gathered from MJFF’s Fox Insights (survey dates: Sept 17, 2018 to 
Oct 8, 2018). One survey per person with PD (PwP) was completed voluntarily online by the PwP, care partner, 
family member, or close friend of the PwP. Data on respondents who reported experiencing OFF periods in the past 
12 months were compared to data from those who did not report experiencing OFF periods. Analyses include the 
percentage of missed work days and the percentage of days with reported low productivity due to PD. 
Results: From a total 1602 Fox Insights survey respondents, 70% were PwPs and 20% were their care partner, 
family member, or close friend. Among all respondents, 55% (n=881) reported the PwP as having OFF periods, 
27% (n=434) reported no OFF periods, and 18% (n=287) did not know or did not respond. 20% (n=176) of 
respondents experiencing OFF periods reported working full or part-time compared to 21% (n=90) of respondents 
without OFF periods. 72% of PwPs with OFF periods had some days with reduced work productivity vs. 43% of 
those without OFF periods. 48% of PwPs with OFF periods averaged at least 10 days with low productivity a 
month, vs. 29% of PWPs without OFF periods. 34% of PwPs with OFF periods missed at least 3 working 
days/month on average because of PD, compared to 21% of PwP with no OFF periods. Additional analyses will be 
presented in the poster. 
Conclusions: In this analysis of the MJFF and the Parkinson’s Foundation Financial and Social Impact of 
Parkinson’s Disease Survey, missing work days and numbers of work days with low productivity were reported 
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more frequently for PwPs experiencing OFF compared to PwPs not experiencing OFF. More effective management 
of OFF periods and other PD symptoms may alleviate this burden on people with PD. 

906 
Baseline hyposmia and RBD symptoms are associated with faster, but differential, cognitive decline at 2 years 
in the PPMI study 
V. Irzhevsky, G. Nomikos, J. Xiao, M. Yang (Cambridge, MA, USA) 
Objective: To explore the potential role of baseline hyposmia and RBD symptoms on progression of cognitive 
decline at 2 years. 
Background: Cognitive decline in PD patients progresses at a slow rate from the early stages of the disorder. 
Identification of subpopulations that experience faster decline in select cognitive domains will provide important 
information on the design of future clinical trials in prodromal/early PD. 
Methods: PPMI is an ongoing observational clinical study that enrolled 423 early PD, treatment naive subjects 
within 2 years of diagnosis[1]; their data were downloaded from the PPMI website in June 2017. At baseline, 
hyposmia is defined as having an UPSIT score ≤27 for female and ≤24 for male subjects. RBD (REM sleep 
behavior disorder) is defined by a baseline score of ≥6 on the RBD Questionnaire. Changes in MoCA and its 
subscales, SDMT (Symbol Digit Modality Test), LNS(Letter Number Sequencing), HVLT (Hopkins Verbal 
Learning Test) Recall and HVLT Recognition by 24 months were analysed in a Mixed Model for Repeated 
Measures (MMRM) model, adjusted for baseline score of the corresponding scale/subscale, as well as gender, age, 
disease duration, education baseline RBD or hyposmia status (where appropriate) and baseline MDS-UPDRS score. 
Results: Among the 416 PD evaluable subjects, 265(64%) have hyposmia and 104(25%) have RBD at baseline. 
Presence of hyposmia at baseline is associated with significantly worse of performance on the MoCA Attention 
subscale, SDMT, Letter Number Sequencing and HVLT Recall at 2 years, while positive RBD status at baseline is 
linked to significantly lower scores on MoCA Visuospatial/Executive, Abstraction and Orientation subscales, as 
well as HVLT Recall task. 
[table 1] 
[table 2] 
Conclusions: Both hyposmia and RBD are important risk factors associated with faster decline on measures of 
cognitive functioning in early PD patients. 
References: 1. Kenneth Marek, Danna Jennings, Shirley Lasch, Andrew Siderowf, Caroline Tanner, Tanya Simuni, 
Chris Coffey, Karl Kieburtz, Emily Flagg, Sohini Chowdhury, Werner Poewe, Brit Mollenhauer, Paracelsus-Elena 
Klinik, Todd Sherer, Mark Frasier, Claire Meunier, Alice Rudolph, Cindy Casaceli, John Seibyl, Susan Mendick, 
Norbert Schuff, Ying Zhang, Arthur Toga, Karen Crawford, Alison Ansbach, Pasquale De Blasio, Michele Piovella, 
John Trojanowski, Les Shaw, Andrew Singleton, Keith Hawkins, Jamie Eberling, Deborah Brooks, David Russell, 
Laura Leary, Stewart Factor, Barbara Sommerfeld, Penelope Hogarth, Emily Pighetti, Karen Williams, David 
Standaert, Stephanie Guthrie, Robert Hauser, Holly Delgado, Joseph Jankovic, Christine Hunter, Matthew Stern, 
Baochan Tran, Jim Leverenz, Marne Baca, Sam Frank, Cathi-Ann Thomas, Irene Richard, Cheryl Deeley, Linda 
Rees, Fabienne Sprenger, Elisabeth Lang, Holly Shill, Sanja Obradov, Hubert Fernandez, Adrienna Winters, 
Daniela Berg, Katharina Gauss, Douglas Galasko, Deborah Fontaine, Zoltan Mari, Melissa Gerstenhaber, David 
Brooks, Sophie Malloy, Paolo Barone, Katia Longo, Tom Comery, Bernard Ravina, Igor Grachev, Kim Gallagher, 
Michelle Collins, Katherine L. Widnell, Suzanne Ostrowizki, Paulo Fontoura, Tony Ho, Johan Luthman, Marcel van 
der Brug, Alastair D. Reith, Peggy Taylor, The Parkinson Progression Marker Initiative (PPMI). Progress in 
Neurobiology, Volume 95, Issue 4, 2011, p. 629-635. 
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907 
Availability of levodopa and clinicopathological features of patients with multiple system atrophy 
C. Ishida, K. Komai, K. Takahashi, Y. Motozaki, A. Tagami, S. Shibata, M. Asakawa (Kanazawa, Japan) 
Objective: To investigate the availability of levodopa for pathologically confirmed multiple system atrophy (MSA) 
patients and determine the clinicopathological features of levodopa responders with MSA. 
Background: MSA patients can show parkinsonism in addition to cerebellar ataxia, autonomic dysfunction, and 
other neurological symptoms. While levodopa or dopamine agonists are ineffective in most patients with MSA, 
some MSA patients show a small response [1]. 
Methods: We obtained clinical data, including efficacies of levodopa and dopamine agonists, magnetic resonance 
(MR) findings, and pathological findings retrospectively from the medical records of 12 pathologically confirmed 
MSA patients (M/F = 6/6). 
Results: The mean age at onset was 61.5 ± 8.2 (44–73) years. The mean disease duration was 8.0 ± 4.8 (3–15) 
years. Eleven patients had MSA (7 had predominant parkinsonism (MSA-P) and 4 had predominant cerebellar 
ataxia (MSA-C)). One patient was clinically diagnosed with progressive supranuclear palsy (PSP) and showed 
concomitant pathology of MSA and PSP. Nine patients received levodopa treatment (maximum dose 300–900 mg), 
which was effective in four patients. All levodopa responders had MSA-P. One patient showed wearing-off 
phenomenon. In three patients, levodopa was either poorly effective or ineffective. The medical data of two patients 
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contained no information on levodopa efficacy. A dopamine agonist was mildly effective in one MSA-C patient. Of 
the levodopa responders, two patients showed outstanding autonomic dysfunction relatively later in their clinical 
courses and became bed-ridden after more than 10 years from the disease onset time. In two patients, one dopamine 
responder and one dopamine-agonist responder, putaminal rims appeared on MR images in the late stage of the 
disease (7–10 years from onset). Neurodegeneration of the putamen was relatively mild. 
Conclusions: This study revealed that levodopa availability was more than 30% in patients with MSA who were 
confirmed to not have Parkinson’s disease. The putamen may be relatively preserved from neurodegeneration in 
responders to levodopa or dopamine agonists, as shown in a previous study.1 In addition, levodopa responders 
without early occurrence of autonomic dysfunction might be able to maintain daily life activities for a prolonged 
time. 
References: [1] Ozawa T, et al. The spectrum of pathological involvement of the striatonigral and 
olivopontocerebellar systems in multiple system atrophy: clinicopathological correlations. Brain 2004;127:2657-
2671. 

908 
Ocular Motor Dysfunction as the Predictable Milestone of Life Prognosis in Progressive Supranuclear Palsy 
T. Ishihara, T. Oeda, S. Tomita, A. Umemura, M. Kohsaka, K. Park, M. Tahara, K. Yamamoto, H. Sawada (Kyoto, 
Japan) 
Objective: The purpose of this study was to identify which symptoms predict the life prognosis in progressive 
supranuclear palsy (PSP). 
Background: Patients with PSP are characterized by ocular motor dysfunction, postural instability, akinesia, gait 
freezing and cognitive dysfunction, though all symptoms are not always identified especially in early stage of the 
disease. Previous studies have demonstrated controversial results regarding clinical milestones and prognostic 
factors [1]. 
Methods: In this retrospective study, clinically diagnosed PSP patients were consecutively enrolled from Jan 2005 
to Oct 2017. Demographic data, clinical symptoms, neurological findings, decline in activity of daily living and a 
survival time were obtained from the medical records. Core clinical features in the diagnostic criteria of PSP at 3 
years from the onset were also collected [2]. We assessed the relationship between the particular PSP symptoms and 
life prognosis by Kaplan-Meier survival analyses and the adjusted hazard ratios (HRs) were estimated in Cox 
regression analyses. 
Results: We analyzed 70 patients with PSP, 40 of men, with a mean age at disease onset of 70.7±7.3 years and a 
mean follow-up period of 6.5±3.1 years. Fourteen patients (20%) died and a mean survival time from the onset was 
9.2±4.2 years. At 3 years from the onset, the number of patients with vertical gaze palsy, slow saccade, fall, 
retropulsion or gait freezing was 21 (30%), 25 (36%), 54 (77%), 52 (74%) and 43 (61%), respectively. Kaplan-
Meier analyses revealed that patients with vertical gaze palsy had significantly shorter period to wheelchair-bound, 
disabled food intake and death than those without (log rank test p=0.018, p<0.001, p<0.001). The risks of disabled 
food intake and mortality were significantly higher in patients with vertical gaze palsy (adjusted HR 10.5, p<0.001, 
adjusted HR 18.3, p=0.001). 
Conclusions: Vertical gaze palsy was a poor prognostic factor for dysphagia and shortened life expectancy. 
References: [1] Glasmacher SA, et al. J Neurol Neurosurg Psychiatry 2017; 88: 402-411. [2] Höglinger GU, et al. 
Mov Disord 2017; 32: 853-864. 

909 
Baseline analysis of PROSPECT-M-UK: a longitudinal study of PSP, CBS and MSA 
E. Jabbari, J. Woodside, V. Chelban, A. Costantini, N. Holland, N. Leigh, D. Burn, N. Pavese, A. Gerhard, C. 
Kobylecki, M. Hu, A. Church, J. Rohrer, H. Houlden, J. Rowe, H. Morris (London, United Kingdom) 
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Objective: To complete the baseline analysis of clinical data from the PROSPECT-M-UK study and to assess the 
impact of applying current MDS PSP diagnostic criteria on the diagnostic rate of PSP compared to previous NINDS 
diagnostic criteria. 
Background: Studying the natural history of atypical parkinsonian syndromes (APS), including PSP, CBS and 
MSA, along with genetic and serial biomarker measurements, are vital to: 1) the development of disease-specific 
markers; 2) discovering the biological determinants of disease progression. 
Methods: PSP, CBS and MSA cases that fulfilled current diagnostic criteria were recruited from August 2015. We 
also recruited controls and indeterminate (IDT) cases that had features of APS but did not fulfil diagnostic criteria. 
PSP cases were initially recruited using NINDS criteria [1] and then reclassified using MDS diagnostic criteria [2] 
which allowed us to create the following groups: PSP-Richardson syndrome (PSP-RS); PSP-subcortical (PSP-SC), 
consisting of PSP-parkinsonism and pure akinesia with gait freezing cases; PSP-cortical (PSP-C), consisting of PSP-
frontal and PSP/CBS overlap cases. MSA subjects were subdivided into MSA-parkinsonism (MSA-P) and MSA-
cerebellar (MSA-C) cases. CBS subjects were subdivided into cases with CSF evidence (Tau:A-beta 1-42 ratio >1) 
of underlying AD pathology (CBS-AD), normal CSF Tau:A-beta 1-42 ratio (CBS-4RT) and cases without CSF 
analysis (CBS-NK). Group comparisons of baseline clinical data were carried out using t-testing. 
Results: In total, we recruited 222 cases and 76 controls. By applying MDS diagnostic criteria, we increased our 
baseline number of PSP cases from 58 to 101. The baseline clinical features of the reclassified cohort are 
summarised below [table1]. In comparison to PSP, we found that MSA had a younger age at motor symptom onset 
and a better self-reported initial levodopa response. In addition, in comparison with PSP-RS, PSP-SC had a longer 
diagnostic latency and disease duration at recruitment. 
Conclusions: The PROSPECT-M-UK study has recruited a large cohort of PSP, CBS and MSA patients. 
Application of MDS diagnostic criteria has increased the number of PSP cases that may be included in current/future 
clinical trials. PROSPECT-M-UK subjects are currently undergoing longitudinal collection of clinical, genetic and 
biomarker measures which will contribute to the discovery of disease-specific biomarkers and biological 
determinants of disease progression. 
References: [1] Litvan I, Agid Y, Calne D, et al. Clinical research criteria for the diagnosis of progressive 
supranuclear palsy (Steele-Richardson-Olszewski syndrome): report of the NINDS-SPSP international workshop. 
Neurology. 1996 Jul;47(1):1–9. [2] Höglinger GU, Respondek G, Stamelou M, et al. Clinical diagnosis of 
progressive supranuclear palsy: The movement disorder society criteria. Mov Disord. 2017 Jun;32(6):853–64. 
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910 
Memory enhancing effect of Combined Alcoholic Extract of Cedrus deodara Loud. and Vitex Nirgundi in 
scopolamine-induced cognitive impairment in mice 
A. Jain, S. Jain (Sagar, India) 
Objective: Epidemiological studies of Indian population reveal that dementia is largely a hidden problem in India. 
Ayurveda claims several plants are beneficial in cognitive disorders. Pharmacoepidemiological studies reveal that 
herbal and allopathic learning and memory enhancing medicines are becoming very popular among Indian 
population. The objective of study was to we evaluated the effect Combined Alcoholic Extract of Cedrus deodara 
(Wood) Loud. and Vitex Nirgundi (Leaf) in scopolamine-induced cognitive impairment in mice. 
Background: Current research effort focuses on the development of safer natural compounds with multipronged 
mechanisms of action that could be used to ameliorate memory deficits in patients In this study, we evaluated the 
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effect Combined Alcoholic Extract of Cedrus deodara (Wood) Loud. and Vitex Nirgundi (Leaf) an Indian medicinal 
plant with significant neuro-pharmacological property on scopolamine-induced cognitive impairment in mice. 
Methods: Memory impairment was produced by administration of scopolamine (1mg/kg i. p) in rats. The alcoholic 
extract of Cedrus deodara (Wood) Loud. and Vitex nirgundi (Leaf) (30, 40 and 50 mg/kg, p.o.) was also 
administered to one group of animals. Passive avoidance paradigms, elevated plus maze and social learning task was 
used to assess learning and memory. 
Results: Cedrus deodara (Wood) Loud. and Vitex nirgundi (Leaf) 50 mg/kg alcoholic extract treated group 
decreased transfer latency in elevated plus maze model paradigm which is an indicative of cognition improvement. 
In case of passive avoidance paradigm extract treated group exhibited prounced effect in reversal of scopolamine 
induced amnesia which was revealed by increase in step down latency. Social learning task also revealed the 
memory enhancing activity of combined extract. 
Conclusions: The present findings indicate that the combined alcohalic extract of C. deodara and Vitex nirgundi has 
the best memory-enhancing effect due to its strong antioxidant properties from compounds like terpenoids and 
flavonoids. The study provides a scientific rationale for the traditional use of Cedrus deodara and Vitex nirgundi in 
the management of memory dysfunction and related disorders. 

911 
Applicability of modified definition of Vascular Parkinsonism in patients with Parkinsonism attending 
outpatient department: A tertiary care hospital-based study in south India 
S. Jaiswal (HYDERABAD, India) 
Objective: This study aims to assess the applicability of modified Vascular Parkinsonism (VP) criteria in outpatient 
department in a tertiary care hospital in south India. 
Background: VP is not very well defined and clinically ignored entity. There is not much epidemiological data 
about VP from south east Asia and in the world. 
Methods: This is a retrospective study of the case records of Parkinsonism patients consulted in outpatient 
department (OPD) between May 2014 to February 2019. All outpatients, consulted to me, screened for 
Parkinsonism.   VP was defined by Parkinsonism features ( bradykinesia, being essential criteria  and/or rigidity, 
postural instability) and one of the vascular risk factors [ clinically diabetes mellitus (DM) ,hypertension(HTN), 
coronary artery disease (CAD) , cerebro-vascular accidents (CVA) and/or imaging wise small vessel disease(SVD) 
in MRI ]  . Data collected included : demographic data, neurological findings , various vascular risk factors 
(DM,HTN,CAD,CVA) and MRI findings. 
Results: During the study period of 58 months, 7959 patients with parkinsonism consulted to me in OPD.  Total 204 
(2.5%) patients have been diagnosed as Parkinsonism. VP was diagnosed in 103 (50.5%) patients and idiopathic 
Parkinson disease (IPD) was in 70 (34.3%) . Others, including PSP, MSA, NPH, Drugs induced was diagnosed in 31 
(15.2%) patients. Clinical profiles of VP and IPD has been depicted in table-1. 78 (76 %) VP patients had two or 
more than two vascular risk factors. 20 (19%) has only single risk factor. Only 5(5%) has no risk factors and fall into 
possible VP and among these, 4 didn’t have imaging data. Only 13 (19%) of IPD patient has two or more than two 
risk factors. MRI data was available in 60 (58%) in VP patients and only in 20 (29%)  IPD patients. SVD was the 
most common finding in 50(83%) VP patients and 9 (15 %) had vascular territory chronic infarcts. In IPD, 10 (50%) 
had normal MRI and 7 (35%) had SVD. 
Conclusions: This study suggests that modified criteria of VP, including imaging finding and strong clinical 
suspicion can be applied for diagnosis of VP. This may help in giving such patients a trial of levodopa therapy, 
which may lead to clinical improvement of such patients. 
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912 
Concomitant brain pathologies have no major impact on clinical milestones in progressive supranuclear palsy 
M. Jecmenica-Lukic, C. Kurz, G. Respondek, O. Grau-Rivera, Y. Compta, E. Gelpi, C. Troakes, J. van Swieten, A. 
Giese, S. Roeber, T. Arzberger, G. Höglinger (Munich, Germany) 
Objective: To analyze the frequency and severity of co-pathologies in PSP patients and their relevance for the 
clinical presentation and progression in PSP. 
Background: The phenotypic presentation of neurodegenerative disorders (NDD), including PSP, is largely driven 
by the specific protein aggregations and their regional distribution within the brain.  However, given that NDD 
typically manifest later in life, it is not surprising that additional proteinopathies and vascular co-pathology may co-
exist and may also contribute to complex clinical presentations. 
Methods: We analyzed clinical and neuropathological features of 101 patients with pathologically confirmed 
diagnosis of PSP. Neuropathological diagnoses and stages of co-pathologies were established according to valid 
criteria, including Alzheimer’s disease, argyrophilic grains, Lewy-related pathology, transactive response DNA-
binding protein 43 (TDP-43) pathology, fused in sarcoma (FUS) pathology, cerebral amyloid angiopathy and small 
vessel disease. Demographic data and major clinical disease milestones of PSP (frequency and latency to onset) 
were extracted from patient’s files. 
Results: Only 8% of 101 patients presented with pure PSP pathology in absence of any co-pathologies. Alzheimer’s 
disease-related pathology was the most frequent co-pathology (84%), followed by argyrophilic grains (58%), both 
occurring as single co-pathology or in combination with other proteinopathies or cerebrovascular disease. Lewy-
related and TDP-43 co-pathology occurred rarely (8% and 6%, respectively). FUS-positive cases were not found. 
While being common, co-pathology in PSP was mostly mild in severity, with the exception of frequently 
widespread argyrophilic grains. Small vessel disease was also frequent (65%), while cerebral amyloid angiopathy 
(25%) occurred only in the presence of Alzheimer’s disease-related changes. No significant differences were found 
between any of the co-pathology subgroups in terms of demographic data and disease milestones. 
Conclusions: In PSP, concomitant neurodegenerative proteinopathies or cerebrovascular disease is very frequent, 
but generally mild in severity, and without striking affect on the clinical presentation. This finding underscores that 
the severity and distribution of tau pathology is the principle driver of clinical symptoms in PSP, which is relevant 
information for the development of disease-modifying therapies. 

913 
Vascular Parkinsonism and Parkinson's Disease: clinical differences concerning balance impairment 
R. Jesus, R. Raimundo, C. Azoia, M. Mendes, V. Espirito-Santo, A. Almeida, I. Rego, A.G. Velon (Vila Real, 
Portugal) 
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Objective: Determine and compare lower body predominance and balance between Vascular Parkinsonism (VP) 
and Parkinson’s Disease (PD)patients in a hospital-based sample. 
Background: Despite the recognition of VP as a distinct entity differential diagnosis from Parkinsonian syndromes 
remains difficult. Some features have been described as more specific for VP like lower body signs and symptoms 
leading to postural instability and balance impairment. 
Methods: We prospectively enrolled 49 patients, 16 with VP and 33 with PD. Analyses included clinical features, 
total, upper and lower extremities UPDRS III scores and validated balance scales: Berg Balance scale (BBS) and 
Falls Efficacy scale (FES). 
Results: Patients had a mean age of 75 years old and 55% were male. Age of symptoms onset were higher for VP 
patients (p<0,05). Lower extremity UPDRS III score was higher in VP patients (p<0,05) and there were no statistical 
differences when using UPDRS-III total score. Mean total number of falls was higher in VP patients (p<0,01). 
Concerning balance, VP patients had worse scores for BBS and FES (p<0,05 and p<0,01, respectively). There was a 
positive correlation between number of falls and UPDRS-III score (total and lower extremity scores, p<0,05) and a 
negative correlation between number of falls and both balance scales (p<0,01). Negative correlation was also found 
between BBS and FES scales and UPDRS III scores (total and lower extremity score, p<0,05), but not with upper 
extremity UPDRS III score. 
Conclusions: VP patients had more lower body signs and symptoms accordingly to lower extremity UPRDS III and 
balance scale scores. Validated balance scales can be useful for differential diagnosis. 
References: Kalra, S, et al. Differentiating Vascular Parkinsonism from Idiopathic Parkinson’s Disease: A 
Systematic Review. Movement Disorders. 2010; 25 (2):149–156. Rektor I et al. An updated diagnostic approach to 
subtype definition of vascular parkinsonism e Recommendations from an expert working group. Parkinsonism Relat 
Disord. (2017) Dec 29. 1-8 P.G. Glass, A.J. Lees, A. Bacellar, J. Zijlmans, R. Katzenschlager, L. Silveira-
Moriyama, The clinical features of pathologically confirmed vascular parkinsonism, J. Neurol. Neurosurg. 
Psychiatr. 83 (2012): 1027-1029. Melo CA. Adaptação cultural e validação da escala “Falls Efficacy Scale” de 
Tinnetti. Vol 1, n.º 2. http://hdl.handle.net/10400.26/8721 Tinetti, M. A., Richman, D., Powell, L. (1990). Falls 
Efficacy as a measure of fear of falling, Journal of Gerontology, 45(6), 239-243. Berg K, Wood-Dauphinee S, 
Williams JI, Maki, B: Measuring balance in the elderly: Validation of an instrument. Can. J. Pub. Health, 
July/August supplement 2:S7-11, 1992. 

914 
Cerebellar involvement in progressive supranuclear palsy and corticobasal degeneration 
S. Jo, K.W. Park, N. Choi, C.S. Lee, M.S. Kim (Seoul, Republic of Korea) 
Objective: To investigate cerebellar involvement in vivo in patients with corticobasal degeneration (CBD) and 
progressive supranuclear palsy (PSP) using [18F]FDG PET. 
Background: Cerebellar ataxia is an exclusion criterion for CBD or PSP. However, cerebellar involvement in 
pathologically proven PSP cases has been reported. We investigated the frequency, clinical manifestations and 
diagnostic imaging of CBD or PSP with prominent cerebellar ataxia. 
Methods: Consecutive patients diagnosed with CBD or PSP between January 2009 and January 2019 were 
reviewed from atypical parkinsonism database. Clinical data were abstracted from medical records, mainly at the 
time of the diagnosis with neuroimaging. Patients who had cerebellar ataxia (either limb ataxia or gait ataxia) on the 
neurological examination, and who also had cerebellar hypometabolism in [18F]FDG-PET were evaluated. 
[18F]FDG-PET was analyzed by single-subject SPM analysis, followed by region-of-interest (ROI) based analysis. 
The regional glucose uptake in the cerebellum, which was expressed as z scores, was compared between PSP and 
CBD patients. 
Results: Among 41 patients with clinically diagnosed PSP, 21 patients had cerebellar ataxia (PSP-C) on 
neurological examination. Among 27 patients with clinically diagnosed CBD, 10 patients showed cerebellar ataxia 
or were in bed-ridden state(CBD-C). Gait ataxia was more prominent than limb ataxia in patients with PSP-C and 
CBD-C. Ocular cerebellar signs, such as hypermetria or nystagmus, were not present in patients with PSP-C and 
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CBD-C. Patients with PSP showed significant hypometabolism in the superior and anterior vermis, and anterior lobe 
of cerebellum when compared with patients with CBD(Figure1, error bar = 1 SEM). 
Conclusions: Cerebellar involvement is present in some patients with PSP or CBD. In particular, patients with PSP-
C exhibited hypometabolism of superior, anterior part of vermis, and anterior lobe of cerebellum in [18F]FDG-PET, 
which accounts for prominent gait ataxia in these patients. 

 

915 
Gender-specific effects of uric acid on the development of freezing of gait in Parkinson’s disease 
J.H. Jung, S.J. Chung, Y.H. Sohn, P.H. Lee (Seoul, Republic of Korea) 
Objective: To investigate whether serum uric acid level is gender-specifically associated with the development of 
freezing of gait (FOG) in patients with de novo Parkinson’s disease (PD). 
Background: Uric acid, a major antioxidant, is one of the candidates that can modulate the clinical progression of 
PD. However, its neuroprotective effect appears to differ according to gender. 
Methods: We reviewed medical records of 159 patients with de novo PD (85 males and 74 females; follow-up > 2 
years). The patients were subdivided into the tertile groups by gender, based on the distribution of uric acid level: 
PD with the lowest uric acid level (PD-L-UA, n = 29; uric acid < 4.7 mg/dL), PD with an intermediate uric acid 
level (PD-I-UA, n = 28; 4.7 ≦ uric acid ≦ 5.9 mg/dL), and PD with the highest uric acid level (PD-H-UA, n = 28; 
uric acid > 5.9 mg/dL) in males; PD-L-UA (n = 24; uric acid < 3.8 mg/dL), PD-I-UA (n = 27; 3.8 ≦ uric acid ≦ 4.5 
mg/dL), and PD-H-UA (n = 23; uric acid > 4.5 mg/dL) in females. Then, we performed comparative analyses of the 
risk for developing FOG between the PD tertile groups by gender, separately. 
Results: There was no significant difference in age, disease duration, and parkinsonian motor severity between the 
PD groups according to the uric acid level. The risk of development of FOG was similar between the groups in male 
PD patients. In contrast, the risk of developing FOG was higher in the PD-H-UA group than the PD-L-UA group 
(PLog-rank = 0.010) in female patients. After adjusting for age, striatal dopamine transporter availability, white 
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matter hyperintensities, and levodopa-equivalent dose, we obtained consistent results that female patients in the PD-
H-UA group had a higher risk of developing FOG than those in the PD-L-UA group (hazard ratio, 4.132; 95% 
confidence interval, 1.070-15.960; p = 0.040). 
Conclusions: Our findings suggest that serum uric acid level might be gender-specifically associated with the 
development of FOG in patients with PD. Low uric acid levels were associated with a low risk for FOG in female 
patients, and further verification studies are needed. 

916 
Hydrocephalic presentation of PSP and follow-up after ventricular-peritoneal shunting: Case report 
R. Kaiyrzhanov, A. Taskinbayeva, C. Shashkin (Almaty, Kazakhstan) 
Objective: To report a patient with a rare clinical phenotype of Progressive Supranuclear Palsy (PSP) and describe 6 
months follow-up results after surgical intervention. 
Background: PSP has a number of clinical phenotypes. Normal pressure hydrocephalus (NPH) like presentation is 
a rare and under-recognized clinical phenotype of PSP. The long term benefits of ventricular-peritoneal (VP) 
shunting remain unclear in this group of patients. 
Methods: A 70 -year-old Asian man presented with 3 years history of chronic onset gait disturbances, cognitive 
decline, urinary incontinence and falls. After the onset of these symptoms, he gradually developed bradikinesia, 
tremor in upper limbs, dysarthria, dysphagia and levodopa induced visual hallucinations. Past medical history and 
family history were unremarkable. He was initially diagnosed with parkinsonism and was treated with levodopa up 
to 1000 mg/day for 3 years with no improvement in motor functioning. On examination he had severe gait 
disturbances, symmetric parkinsonism, reduced upgaze and slow saccades, dysarthria. His Movement Disorders 
Society Unified Parkinson’s Disease Rating Scale (MDS UPDRS) motor part was 99. Levodopa test showed only 
11% of improvement in motor score. Mini Mental State Examination score was 22/30 and Montreal Cognitive 
Assessment score was 19/30. On brain magnetic resonance (MR) imaging the following volumetric measurements 
were revealed: midbrain to pons ratio – 0.19 (Normal value (NV) > 0.24); MR Parkinsonism index = 19,37 (NV 
below 13,55); intrapeduncular angle - 60° (NV above 60,5°); callosal angle - 81° (less than 90° in NPH) (Figures 1 
and 2); compressed and flattened upper brain convolutions against the scull. Two trials of 30-50 ml cerebrospinal 
fluid (CSF) removal improved his gait, speech and mobility for two weeks. MDSUPDRS motor score after trial of 
CSF removal was 40 and there were no falls. VP shunting was done with consecutive follow-up. 
Results: Three months after surgery and physiotherapy he had no falls, no tremor and significantly improved gait. 
Six months after surgery his MDS UPDRS motor score was 42 and his mobility has not deteriorated; although, 
occasional falls and visual hallucinations were present. 
Conclusions: More cases have to be collected with longer follow-up to ascertain the long-term benefits if VP in 
NPH like presentation of PSP. 
References: Starr et al. Journal of Clinical Movement Disorders 2014, 1:2 
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917 
Premature State of Oligodendrocytes Potentially Provides Critical Period for Extracellular Pathological α-
Synuclein to Invade Oligodendrocyte Lineage Cells 
S. Kaji, T. Maki, T. Ayaki, R. Takahashi (Kyoto, Japan) 
Objective: Multiple system atrophy (MSA) is pathologically characterized by accumulation of misfolded α-
synuclein (α-syn) in oligodendrocytes (OLGs), which is known as glial cytoplasmic inclusions (GCIs). Our 
objective is to interpret the cellular pathogenesis of MSA in association with possible pathological involvement of 
premature OLGs. 
Background: MSA is one of the most refractory neurodegenerative diseases with no disease-modifying treatment. 
Previous reports have suggested that prion-like cell-to-cell propagation of pathological α-syn is possible not only in 
Parkinson’s disease (PD) but in MSA brains. Our previous in vitro investigation has suggested that premature OLGs 
can be more susceptible to the invasion of extracellular α-syn pre-formed fibrils enabling the development of 
pathological inclusions within OLGs (Fig. 1) (1). Nevertheless, actual involvement of premature OLGs in MSA 
pathology is still largely unknown. 
Methods: The density and morphology of premature OLGs in the brains of MSA patients (n=9) were compared 
with those of PD/diffuse Lewy body disease (DLB) (n=9) and non-neurodegenerative controls (n=6). The presence 
of pathological α-syn-immunoreactive inclusions within premature OLGs was also quantitatively analyzed by 
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confocal microscopy. In addition, the interaction of extracellular α-syn pre-formed fibrils and premature OLGs was 
analyzed through experiments with primary OLG culture. 
Results: Postmortem brain analysis revealed that the presence of pathological inclusions was related to impaired 
maturation of premature OLGs, which result is observed in the brains of MSA patients but not in those of PD/DLB 
and non-neurodegenerative controls. Immunofluorescence analysis by confocal microscopy revealed that some 
premature OLGs contained GCI-like inclusions. Experiments with primary OLG culture suggested that the 
premature state of OLGs potentially provides a critical period for extracellular α-syn pre-formed fibrils to invade 
OLG lineage cells. Moreover, the exposure of α-syn pre-formed fibrils to premature OLGs caused reduced cell 
viability. 
Conclusions: Given that accumulating evidence suggests the presence of OLG maturation even in adult human 
brains, insufficient OLG maturation due to the emergence of pathological α-syn may interfere the replacement of 
abnormal OLGs, exacerbating the neurodegenerative state in MSA pathology. 
References: 1. Kaji S, Maki T, Kinoshita H, Uemura N, Ayaki T, Kawamoto Y, et al. Pathological Endogenous 
alpha-Synuclein Accumulation in Oligodendrocyte Precursor Cells Potentially Induces Inclusions in Multiple 
System Atrophy. Stem cell reports. 2018;10(2):356-65. 

918 
Assessment of occupationally exposed organic solvents and welding fumes induced DNA damage and SNPs 
(PARK13, LRRK2 and CAST gene) and risk of Parkinson's disease 
K. Kalimuthu, R. Ramachndran, A. Arulsamy, S. Savariar (Annamalainagar, India) 
Objective: The aim of this study was to examine the potential association between solvents, welding fumes and 
SNPs and risk of developing PD. 
Background: The development of Parkinson’s disease significantly increased in the exposure of the human 
population to environmental contaminants. Industry uses the fuels, paints, printing inks, degreasers and cleaning 
products. Long term exposures might be associated with neurodegenerative diseases, such as Parkinson's disease 
(PD). 
Methods: 100 occupational organic solvents and welding fumes exposed subjects and 100 controls was used (age 
and sex matched). Blood samples were collected from the study subjects, occupational history and daily life 
information of cases and controls were collected in hospital. Exposures to aromatic solvents and welding fumes 
were estimated using self-reported information on welding and painting activities. Lymphocytes were cultured the 
standard procedure and SNPs were analysed through the sequencing and interpreted. 
Results: Exposures were increased chromosome aberrations when compared to controls. Furthermore, higher 
aberrations were observed in the chromosomes of the tobacco exposures and welders when compared to the non-
smoking welders as well as controls. The PARK13, LRRK2 and CAST gene SNPs were analysed and a novel SNPs 
were found in tobacco exposures and welders when compared to the non-smoking welders somewhat PD risk was 
found in the tobacco exposures and welders painting workers. 
Conclusions: Toxic compounds can result in a spectrum development of PD or related disorders. Metal compounds 
should be considered as a warning suggestion of potentially unfavourable genetic and somatic effects in humans. 
Malfunction of this system may lead to development of cancer and other genetic diseases. Toxicant exposures were 
associated with Parkinsonism. Many industrial processes such as dry cleaning, was a risk factor for parkinsonism. 
After occupational exposure to organic solvents, very limited role of genetic polymorphism was investigated in 
modulating the PD risk, but the combined effect of these variants may interact to increase the risk of PD. 

919 
No difference in balance and gait parameters of the patients with akinetic-rigid and tremor-dominant 
Parkinson's disease 
A.C. Kalkan, T. Kahraman, B.O. Ugut, B. Donmez Colakoglu, A. Genc (Izmir, Turkey) 
Objective: To compare balance and gait parameters between subtypes of Parkinson's disease (PD). 
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Background: PD, which is a progressive neurodegenerative disease, has different clinical courses according to 
motor symptoms such as bradykinesia, rigidity, and tremor.  PD may be classified two subtypes as akinetic-rigid 
(AR) and tremor dominant (TD). However, there is lack of evidence on the difference between these subtypes in 
terms of balance and gait. 
Methods: Forty-four patients (twenty-two AR, twenty-two TD) who were diagnosed with idiopathic PD were 
included in the study. Age, gender, duration of disease and PD subtype as AR or TD were recorded. Modified 
Hoehn&Yahr Scale (H&Y) and Unified Parkinson’s Disease Rating Scale (UPDRS) were used in the clinical 
assessment. Balance and gait were examined by modified Clinical Test of Sensory Interaction on Balance 
(mCTSIB) Test, Limit of Stability (LoS) Test and Walk Across (WA) Test with a computerized balance measuring 
instrument. 
Results: There was no difference in terms of age (p=0.717), gender (p>0.999), duration of disease (p=0.777), H&Y 
(p=0.514) and UPDRS (p=0.594) scores between subtypes. mCTSIB (p=0.336, Cohen’s d=-0.31), LoS-Reaction 
Time (p=0.200, Cohen’s d=-0.38), LoS-Movement Velocity (p=0.633, Cohen’s d=0.15), LoS-Endpoint Excursion 
(p=0.664, Cohen’s d=0.13), LoS-Maximum Excursion (p=0.364, Cohen’s d=0.27), LoS-Directional Control 
(p=0.206, Cohen’s d=0.38), WA-Step Width (p=0.749, Cohen’s d=-0.09), WA-Step Length (p=0.248, Cohen’s 
d=0.35), WA-Speed (p=0.366, Cohen’s d=0.27), WA-Length Symmetry (0.450, Cohen’s d=0.22) showed no 
significant difference between AR and TD. 
Conclusions: The results have shown that there was no difference in balance and gait parameters of the patients 
with PD having subtypes of AR and TD. Many patients with PD have mobility impairment; however, the subgroups 
do not have significantly different impairment level. 

920 
Association between transfer activities and health-related quality of life in patients with Parkinson’s disease 
A.C. Kalkan, T. Kahraman, B.O. Ugut, B. Donmez Colakoglu, A. Genc (Izmir, Turkey) 
Objective: To investigate the association between health-related quality of life (HRQoL) and transfer activities in 
patients with Parkinson's disease (PD). 
Background: Bradykinesia, rigidity, tremor and postural instability are clinical motor symptoms of PD. These 
symptoms adversely affect mobility. Especially, transferring in and out of bed is difficult for patients with PD, and 
this may lead adversely affect HRQoL. 
Methods: Sixty-three individuals who were diagnosed with idiopathic PD were included in the study. HRQoL was 
assessed by Parkinson Disease Questionnaire-8 (PDQ-8). The time of transfer activities (from supine position to 
prone position, from prone position to supine position, from supine position to sitting position, from sitting position 
to supine position, from sitting position to standing position and from standing position to sitting position) were 
recorded by a stopwatch. 
Results: It was found significant positive correlations between PDQ-8 and from supine position to prone position 
(r=0.720, p<0.001), from prone position to supine position (r=0.290, p=0.020), from supine position to sitting 
position (r=0.617, p<0.001), from sitting position to supine position (r=0.693, p<0.001), from standing position to 
sitting position (r=0.507, p<0.001). 
Conclusions: The results have shown that difficulties in transfer activities affect the HRQoL negatively. For this 
reason, from the early stages of PD, it is important to assess difficulties in transfer activities and, if detected, the 
appropriate rehabilitation program should be implemented. 

921 
Association between hand functions, hand reaction time and balance in patients with idiopathic Parkinson’s 
disease 
A.C. Kalkan, T. Kahraman, B.O. Ugut, B. Donmez Colakoglu, A. Genc (Izmir, Turkey) 
Objective: To investigate the relationship between hand function, hand reaction time and balance in patients with 
idiopathic Parkinson's disease (PD). 
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Background: Symptoms of PD such as bradykinesia, hypokinesia, rigidity and tremor increase impairment in hand 
dexterity and affect hand reaction time negatively. At the same time, balance problems are frequently seen in the 
patients with PD. Distal mobility is provided by proximal stability in the body. Therefore, there may be an 
association between balance and hand functions and hand reaction time. 
Methods: Thirty-six people who were diagnosed with idiopathic PD were included in the study. The hand dexterity 
and reaction time were assessed by Nine-Hole Peg Test (NHPT) and Simple Hand Reaction Test (SHRT). Balance 
performance was assesed by clinical tests including the Berg Balance Scale (BBS) and Timed Up and Go Test 
(TUG). In addition, Limit of Stability (LoS) Test and modified Clinical Test of Sensory Interaction on Balance 
(mCTSIB) Test was performed using  a computerized balance measuring instrument were assessed. 
Results: Significant correlations were found between the NHPT (right hand/left hand) and the BBS (r=-0.383/-
0.494, p=0.019/0.002). The SHRT was significantly correlated with the TUG (r=0.457, p=0.004), LoS-Endpoint 
Excursion (r=-0.492, p=0.002), LoS-Maximum Excursion (r=-0.478, p=0.003) and LoS-Directional Control (r=-
0.336, p=0.042). 
Conclusions: It was determined that hand dexterity and reaction time were associated with balance performance in 
patients with idiopathic PD. The results may provide a basis for the future studies investigating the possible positive 
effects of balance training on hand function in patients with PD. 

922 
Zonisamide ameliorates levodopa-induced dyskinesia via striatal cholinergic system in a rat model of 
Parkinson’s disease 
S. Kaneko, S. Morise, R. Tohge, M. Oki, M. Nakamura, N. Takenouchi, H. Kusaka (Hirakata, Japan) 
Objective: To investigate the difference in results according to the mode of levodopa administration and the effect 
of zonisamide (ZNS) on striatal cholinergic system, we analyzed the mRNA expression of striatal acetylcholine 
receptors in a rat model of Parkinson’s disease (PD) in relation to the development of levodopa-induced dyskinesia 
(LID). 
Background: Striatal cholinergic interneurons strongly influence motor function and basal ganglia output. We have 
previously reported [1] that intermittent levodopa treatment on unilateral PD model rats developed LID, and striatal 
adenosine A2A receptor mRNA expression was elevated. However, co-administration of ZNS ameliorated the 
development of LID and inhibited up-regulation of A2A receptors. 
Methods: Unilateral PD model rats were made by stereotaxic injection of 6-OHDA into the unilateral medial 
forebrain bundle. These rats were subdivided into four groups and treated as follows; 1) no medication (group N), 2) 
continuous levodopa infusion (group C), 3) intermittent levodopa injection (group I), 4) intermittent levodopa and 
ZNS injection (group Z). Two weeks after the treatment, the severity of LID was evaluated, and the expression of 
striatal mRNAs for muscarinic M1 (Chrm1) and M4 (Chrm1) receptors and nicotinic alpha 7 (Chrna7) and beta 2 
(Chrnb2) subunits were analyzed by real-time RT-PCR. 
Results: LID was not observed in group C, but was found in group I. Group Z also developed LID, but the 
dyskinesia in it was less severe than that in group I. Expression of mRNAs for Chrm1, Chrm4, Chrna7 and Chrnb2 
was not changed in group N, C, and I. On the other hand, expression of mRNAs for these cholinergic receptors were 
all reduced in group Z. 
Conclusions: ZNS may ameliorate LID through decreasing mRNAs for striatal cholinergic receptors. 
References: [1] Oki M, Kaneko S, Morise S, Takenouchi N, Hashizume T, Tsuge A, Nakamura M, Wate R, Kusaka 
H. Zonisamide ameliorates levodopa-induced dyskinesia and reduces expression of striatal genes in Parkinson 
model rats. Neurosci Res 122:45-50, 2017 

923 
Gray matter atrophy in Parkinson’s disease and freezing of gait assessed using surface-based algorithm – 
results of an open, longitudinal, single-centre study 
P. Kanovsky, M. Vastik, K. Mensikova, P. Hok, J. Valosek, P. Hlustik (Olomouc, Czech Republic) 
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Objective: The subsequent open, longitudinal  study was  performed to test whether grey matter (GM) atrophy  and 
FOG severity changes over time and whether there is any relationship between the progression of brain structural 
changes, neuropsychological profile and FOG severity progression in the course of PD. 
Background: The mutual relationship between freezing of gait (FOG) and regional brain atrophy has been 
investigated in our pilot study in 21 Parkinson’s disease (PD) patients; FOG was found to be associated with 
regional cortical atrophy, particularly in the mesial frontal and cingulate cortex. 
Methods: 21 patients with PD (11 with and 10 without FOG) were examined 2 years following the initial 
examinations. Hoehn-Yahr staging, FOG questionnaire, brain MRI and the neuropsychological examinations (Beck 
Depression and Anxiety Inventory, Hamilton Depression and Anxiety Rating Scales and Sheehan Anxiety Scale) 
were done in all subjects. High resolution T1-weighted brain images were acquired for each subject using a 1.5T 
MRI scanner; a surface-based method implemented in FreeSurfer was used to quantify the GM atrophy. To assess 
the significance of differences between both groups, vertex-wise and ROI comparison of spatially normalized 
subject data and the Wilcoxon rank sum test were done.  
Results: The strong and statistically significant correlation between the grey matter reduction, level of anxiety and 
severity (or worsening) of FOG were present in the group of PD freezers when compared to PD non-freezers. 
Similarly as in the pilot study, the most prominent grey matter changes were present in the supplementary motor 
area, cingulate cortex, anterior temporal cortex and frontal operculum. 
Conclusion: The results of our longitudinal study further support the initial hypothesis that FOG is significantly 
driven by the emotional stress and anxiety, and that there is a significant correlation between the atrophy of the non-
motor cortical areas and the severity and progression of FOG.  
 
This research was supported by the Institutional support  MZ CR – DRO (FNOL 00098892) and by the European 
Regional Development Fund - Project ENOCH (No. CZ.02.1.01/0.0/0.0/16_019/0000868) 
 

924 
Biomarkers of the Level of Cognitive Impairment (CI) in patients with Parkinson’s Disease (PD): MRS study 
I. Karaban', N. Karasevich, Z. Rozhkova (Kyiv, Ukraine) 
Objective: The concentrations of NAA, Cr, mIns, and Glx are identified as putative neurochemical markers of CI in 
patients with PD. 
Background: On the basis analysis of MRS data we propose markers for the characteristics of the local metabolic 
state of the brain in patients with PD and different level of CI. 
Methods: Three groups of PD-patients with various cognitive statuses are studied by MRI and 1H MRS with 1.5T 
SIGNA HDxt (GE). The 1st group (DPDG) consists of 13 PD-patients with dementia (MMSE<25). The 2nd group 
(CIPDG) consists of 15 PD-patients with mild CI (30≥MMSE≥25).The 3rd group (NPDG) includes 12 PD-patients 
with normal cognitive function (MMSE≥30). Spectra are recorded in both hemispheres in the frontal lobe (FL), and 
in the putamen (P). 
Results: From the spectra the content (in mM) of NAA, Cr, Cho, mIns, Glx=Glu+Gln, and the ratios:NAA/Cho, 
NAA/Cr, Cho/Cr, mIns/Cr, and Glx/Cr are obtained. For the patients of DPDG the significant decrease of NAA, Cr, 
and Glx, and increase of Cho, and mIns content in sampled regions are observed. In P the values NAA/Cr ratios in 
DPDG and CIPDG are significantly lower than in the NPDG, and Cho/Cr ratios higher than in patients of NPDG. 
Concentration of NAA in P:(6.81+-1.8), (7.62+-1.4), (7.82+-1.3) in DPDG, CIPDG, and NPDG, respectively, and 
the ratios of NAA/Cr decrease with the grade of CI. Concentrations of mIns in FL: (4.23+-0.79), (3.69+-0.62), 
(3.43+-0.83) in DPDG, CIPDG, and NPDG, respectively, and mIns/Cr increase with the grade of CI. For all groups 
of patients in any regions of the brain there is no dependence between NAA/Cr, Cho/Cr, mIns/Cr ratios and motor 
disability or disease duration, and CI. Concentrations of Glx in the FL is more pronounced, than other 
metabolites:(8.1+-1.9), (9.32+-1.6), (10.6+-1.8) in DPDG, CIPDG, and NPDG, respectively, and Glx/Cr decrease 
with the grade of CI. Concentration of Glx in the BG: (6.34+-1.4), (7.93+-0.9), (9.46+-1.2) in DPDG, CIPDG, and 
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NPDG. We have found the progressive decreasing Glx-content in the FL and in P for the patient of NPDG, CIPDG, 
DPDG, that is associated with poorer cognitive function. 
Conclusions: Concentration of Glx in the FL, and in P is indicator of neuronal loss and dysfunction, and may be 
useful putative biomarker of CI in patients with PD. 
References: 1. Sebastiano Galantucci, Federica Agosta, Elka Stefanova et al. Structural brain connectome and 
cognitive impairment in Parkinson Disease. - Radiology. - Vol 283. - No.2. (2017) 2. Xueling Suo, Du Lei, Nannan 
Li, et al. Functional brain connectome and its relation to Hohen and Yahr stage in Parkinson Disease. - Radiology. - 
Vol. 285. - No.3 (2017). 3. Gong-Jun JI, Panpan Hu, Ting-Ting Liu, et al. Functional connectivity of the 
corticobasal ganglia-talamocortical network in Parkinson Disease:a systematic review and meta-analysis with cross-
validation. - Radiology. - Vol.287. - No. 3 (2017). 4. Leslie Mazuel, Carine Chassain, Betty Jean, et al. Proton MR 
spectroscopy for diagnosis and evaluation of treatment efficacy in Parkinson Disease. - Radiology. Vol. 278. - No. 2 
(2016). 

925 
Does the truth lie within the gut? Investigating the gut microbiome in an Australian cohort of Parkinson’s 
disease patients 
J. Kenna, S. McGregor, M. Horne, A. Tay, S. Ghosh, F. Mastaglia, A. Jefferson, A. Gorecki, M. Bakeberg, S. 
Walters, R. Anderton (Perth, Australia) 
Objective: Parkinson’s disease (PD) is associated with an assortment of difficult to recognize non-motor symptoms, 
including gastrointestinal (GI) dysfunction. Recently, there have been studies reporting the appearance of GI 
symptoms up to two decades prior to motor symptom onset in patients. To date, limited number of studies have 
reported an association between an altered microbiota  composition and PD. 
Background: Despite this emerging relationship, it remains to be seen if this association exists in Australian 
patients with PD. 
Methods: This study involved a multi-centre assessment and recruitment of 120 patients with diagnosed PD from St 
Vincent’s Movement Disorders Clinic (Fitzroy, VIC), the Perron Institute Movement Disorders Clinic (Nedlands, 
WA). The Movement Disorders Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) was used to 
determine disease severity, including motor and non-motor symptoms.  Global cognitive function was measure 
using Addenbrooke’s Cognitive Exam-Revised (ACE-R), and Scales for Outcomes in Parkinson’s disease 
Assessment. In collaboration with the Marshall Centre (UWA, WA), this study aimed to determine if the gut 
microbial composition differed between PD patients and age-matched healthy controls using targeted sequencing of 
the V3 and V4 regions of 16s ribosomal RNA (rRNA) gene. Microbiome diversity, determined by operational taxon 
omic units (OTUs) and relative abundance were examined for an association with patient clinical assessment 
outcomes, using a multivariate regression analysis. 
Results: Our current results identified that both relative abundance and diversity of microbial OTUs were 
significantly different in patients with PD when compared to healthy controls (p<0.05). Specifically, 
Verrucomicrobiae and Gammaproteobacteria were both increased within PD. Within the patient cohort, reduced 
microbial diversity was significantly associated with elevated MDS-UPDRS III scores, and decreased quality of life. 
Conclusions: This project provides the first comprehensive characterisation of the microbial diversity and 
composition in an Australian cohort of PD patients. The preliminary findings from this study support previous 
results,  and show associations between microbial diversity and patient clinical outcomes, further exploring the gut-
brain connection in the progression and management of this disease. 

926 
Utilising Magnetic Resonance Spectroscopy to investigate synucleinopathies 
N. Khalil, E. Matar, S. Duffy, S. Lewis (Camperdown, Australia) 
Objective: To study the neuronal integrity of the Anterior (ACC) and Posterior (PCC) Cingulate Cortices with 
Proton Magnetic Resonance Spectroscopy (H-MRS) across healthy controls (n=17), patients with Lewy Body 
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Dementia (LBD, n=22)), early Parkinson’s Disease (PD, n=18) and patients with idiopathic Rapid Eye Movement 
Sleep Behaviour Disorder (iRBD, n=23) to further understand the evolution of neurodegenerative disease and to aid 
diagnosis, treatment and reduce overall burden of disease. 
Background: The appreciation of brain biochemistry through the use of H-MRS may offer more sensitive 
information than structural imaging to detect early pathological changes. Previous studies have suggested that the 
ACC is associated with the control of executive function, whereas the PCC is more closely linked to impaired 
memory and dementia. H-MRS has been used to identify neurometabolic changes of neuronal integrity, along with 
other pathological processes occurring in neurodegenerative diseases.  However, a study comparing the profile of 
these biological signatures has not been undertaken to date, across synuclein based diseases. 
Methods: H-MRS data has been collected on 23 iRBD, 18 early PD, 22 DLB and 17 healthy controls. Study 
participants were recruited from the Brain and Mind Centre PD Research Clinic at the University of Sydney. All 
participants underwent comprehensive medical, neuropsychological assessment and an MRI scan where H-MRS 
data was obtained from the ACC as well as the PCC. Data was analysed using LC Model to derive N-acetyl 
aspartate (NAA, indicator of neuronal integrity), myo-Inositol (ml, a glial marker), and glutathione (GSH, marker of 
oxidative stress) and was reported as a ratio to creatine (Cr) to facilitate comparison between participants. 
Results: We present the patterns of H-MRS across NAA/Cr, mI/Cr and GSH/Cr and initial results indicate that H-
MRS may be useful for detecting biomarkers of disease and may in future aid with early diagnosis and monitoring 
of progression in synuclein patients. 
Conclusions: This is the first study to use H-MRS to investigate the relationship between biomarkers of executive 
function and memory across synucleinopathies compared with controls. This study will have significant implications 
for early diagnosis of disease in at risk groups and may contribute to the evaluation of disease modifying therapies. 
References: 1. Lewis SJG, Shine JM, Duffy SL, Halliday G, Naismith SL. Anterior Cingulate Integrity: Executive 
and Neuropsychiatric Features in Parkinson’s Disease. Mov Disord 2012; 27(10): 1262-1267 2. Duffy SL, 
Lagopoulos J, Cross N, LaMonica H, Mowszowski L, Lewis SJG, Hickie IB, Naismith SL. The longitudinal 
relationship between anterior cingulate glutathione and executive functioning in individuals at risk for dementia: a 
magnetic resonance spectroscopy study. Alzheimers and Dementia 2017; 13(7): P1383 3. Oz G, Alger JR, Barker 
PB, Bartha R, et al. Clinical Proton MR Spectroscopy in Central Nervous System Disorders. Radiology 2014; 
270(3): 658-679 4. Hu MTM, Taylor-Robinson SD, Chaudhuri KR, Bell JD, et al. Cortical dysfunction in non-
demented Parkinson’s disease patients: a combined 31P-MRS and 18FDG-PET study. Brain 2000; 123: 340–352 5. 
Mangia S, Svatkova A, Mascali D, Nissi MJ, et al. Multi-modal Brain MRI in Subjects with PD and iRBD. Front 
Neurosci 2017; 11: 709 

927 
Attitude of Parkinson Patients towards Participation in Clinical Trials and Brain or Tissue Donation for 
Research 
S. Khan, J. Foo, N. Chia, S. Agustin, S. Neo, T. Yaw, A. Lok, A. Ng, L. Tan (Singapore, Singapore) 
Objective: A comprehensive survey of patient preferences and attitudes towards clinical trials and tissue donation 
can help identify and address barriers hindering the recruitment for research. 
Background: The success of clinical trials and tissue donation programs are highly dependent on recruitment of 
willing volunteers. The inability to recruit an adequate number of participants puts the credibility of these crucial 
studies in jeopardy. As researchers are facing problems with patient participation in research globally, this study is 
specially designed to observe this trend in Singaporean population. 
Methods: This is a cross-sectional study on 105 Parkinson’s disease patients who presented to the neurology clinics 
of a tertiary care hospital. After being screened for eligibility by their primary physician, participants completed an 
interviewer-administered questionnaire. 
Results: Out of 105 respondents, 58 (55.2%) were males and 47 (44.8%) females; with mean age being 67±8.46 
years. Most patients were Chinese (84%). Fifty-one (48.6%) patients had either already participated in clinical trials 
or were keen on participating. A greater number of participants (n=84; 80%) believed the trials to be safe for their 

This article is protected by copyright. All rights reserved.



health and privacy. Seventy-five (71%) participants were willing for blood, urine or stool donation while 17(16%) 
were agreeable for cerebrospinal fluid sample donation. Regarding brain donation, the majority concurred that they 
would not take offense if asked about it (n=73; 70%), 82(78%), acknowledged the importance of brain donation for 
research, and 73(70%) believed that their donated samples would be handled professionally. Fifty-two (50%) 
participants were willing to consider donating their brain for research while 9% remained undecided. Motivating 
factors for brain donation included altruism (87%) and contribution in medical knowledge advancement (80%). 
Reasons for being unwilling to donate their brains were stress for family (30%), disfigurement of body (25%), and 
having a conservative mindset (23%). 
Conclusions: The attitude of Singaporean Parkinson patients toward clinical trials and brain donation was 
encouraging with about half of the participants willing to support such research. Three-quarter of patients would 
support other tissue donations. Participation for such research may be further increased with greater patient and 
public education to overcome misconceptions and mindsets. 

928 
Progressive Parkinsonism and Cognitive Changes: A Rare Presentation of Chronic Lymphocytic 
Inflammation with Pontine Perivascular Enhancement Responsive to Steroids (CLIPPERS) 
M. Khyat-Khoei, J. Randhawa, E. Furr-Stimming, R. Samudralwar, S. Chandra (Houston, TX, USA) 
Objective: To describe a rare manifestation of a case of CLIPPERS with video-based documentation of treatment 
responsiveness. 
Background: CLIPPERS is a rare inflammatory disease of central nervous system (CNS) creating punctate 
gadolinium enhancing lesions on MRI that are pontine predominant and markedly responsive to corticosteroid 
therapy. Pathological findings can be characteristic however given the rarity of this disorder, inconsistent patterns in 
cerebrospinal fluid (CSF), presence of mimics including malignancies and limitations on obtaining biopsy; obtaining 
a definitive diagnosis is challenging. 
Methods: Case report. 
Results: 64-year-old female initially presented with 2 years of slowly progressive postural tremors in bilateral upper 
extremities, 1.5 years of progressive cognitive impairment and 6 months of frequent falls. She had been previously 
diagnosed with Parkinson’s disease and failed a levodopa trial. On neurological exam she was found to have 
bradykinesia, hypomimia, shuffling gait and postural instability. An extensive work up including CSF studies, 
paraneoplastic panel (including Ma-2 antibody), positron emission tomography (PET) scan, and computed 
tomography (CT) scan of the chest, abdomen, and pelvis was unremarkable. Brain MRI revealed T2 hyperintensities 
in the pons, left basal ganglia, and corona radiata with patchy contrast enhancement. Given the lack of active signs 
of malignancy as an underlying cause and all other testing negative, the patient was treated with high dose steroids 
for 3 days with subsequent symptomatic and MRI improvement and was sustained on maintenance 
immunosuppressive therapy with continued pursuit of tissue for a definitive diagnosis. Her parkinsonian features 
responded favorably to a levodopa trial and she continues to show improvement at her 5 month follow up. 
Conclusions: CLIPPERS is a rare CNS disease, difficult to diagnose given its heterogeneous presentations and lack 
of distinct bio-markers. It is a diagnosis of exclusion which highlights the importance of considering rare 
manifestations while performing extensive evaluation to rule out other causes of disease. While immunosuppressive 
therapy remains the mainstay of primary immunologic treatment,  understanding the phenomenology of the 
presentation and addressing the parkinsonism helped in the clinical management of our patient. 

929 
Non-motor symptoms and risk of functional dependency in early Parkinson’s disease 
R. Kim, D. Yoo, J.H. Im, H.J. Kim, B. Jeon (Seoul, Republic of Korea) 
Objective: To determine whether non-motor symptoms predict the development of functional dependency in 
Parkinson’s disease (PD). 
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Background: Non-motor symptoms are increasingly recognized as an integral component of PD. Growing evidence 
has shown that earlier development of non-motor symptoms is associated with a more rapid disease progression of 
PD, which suggests that such symptoms may be one of the most useful markers for predicting functional 
dependency. However, the impact of non-motor symptoms on the development of dependency has been unclear. 
Methods: This study using the PPMI data included 405 patients with newly diagnosed PD without functional 
dependency at baseline visit. We collected baseline demographic and clinical data. Non-motor symptoms were 
measured using well-validated instruments covering neuropsychiatric, sleep-related, olfactory, and autonomic 
symptoms. The development of dependency was defined to be present if a Schwab and England score of less than 
80% at any time point remained during the rest of the follow-up. Cox proportional-hazards regression analyses were 
performed to identify predictors of dependency. 
Results: During a median follow-up of 5.0 years, 61 patients (15%) became functionally dependent. Among the 
non-motor variables, only the REM sleep behavior disorder (RBD) screening questionnaire (RBDSQ) score was 
associated with the development of dependency (hazard ratio [HR] 1.20; 95% confidence interval [CI] 1.10–1.30; 
p=0.016). Furthermore, the bradykinesia subscore was also a significant predictor of dependency (HR 1.05; 95% CI 
1.00–1.09; p=0.043). The RBDSQ score was further inserted as a dichotomous variable in the multivariable Cox 
model. When using a cut-off score of 5, the presence of RBD was predictive of dependency (HR 2.16; 95% CI 1.24–
3.75; p=0.006). This significant association also persisted when using a cut-off score of 6 (HR 1.79; 95% CI 1.02–
3.13; p=0.043). 
Conclusions: The presence of RBD in patients with early PD was associated with an increased risk of functional 
dependency. This finding supports the notion that RBD portends poor prognosis in PD. 

930 
Impact of overweight and obesity on functional and clinical outcomes of early Parkinson’s disease 
R. Kim, J.S. Jun (Seoul, Republic of Korea) 
Objective: To determine whether being overweight or obese contributes to disease progression and functional status 
in Parkinson’s disease (PD). 
Background: While the tendency of PD patients to be underweight is well documented, overweight and obese 
patients with this disorder are underrecognized. In fact, excess body weight is prevalent in patients with PD. 
However, no previous study has assessed the impact of being overweight or obese on disease progression and 
functional status in PD. 
Methods: A total of 399 drug-naive patients with early PD were classified into normal weight (body mass index of 
18.5 to 24.9, n=139), overweight (25.0 to 29.9, n=167), and obese (30.0 or more, n=93) groups. The primary 
outcome was the development of functional dependency. Functional dependency was defined as a Schwab and 
England score of less than 80% at any time point that remained throughout follow-up. The secondary outcomes were 
the change in the Movement Disorders Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) motor 
score and the Montreal Cognitive Assessment (MoCA) score across visits. 
Results: Over a 5-year follow-up period, the incidence of dependency was higher in the obese group than in the 
normal weight group (p=0.001). No difference was observed between the overweight and normal weight groups 
(p=0.429). The multivariable Cox model confirmed that obesity, but not being overweight, increased the risk of 
dependency (hazard ratio 2.63, 95% confidence interval 1.32–5.23, p=0.006). The increase in the MDS-UPDRS 
motor score was greater in the overweight (p=0.004) and obese (p<0.001) groups than in the normal weight group. 
Changes in the MoCA score did not differ among the groups (p=0.962). 
Conclusions: We found that obesity is related to an increased risk of functional dependency and rapid motor 
progression in PD patients. Although being overweight did not increase the risk of dependency, this condition was 
associated with rapid motor progression. 
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931 
Differential Value of Brain Magnetic Resonance Imaging in MSA-C and SCAs 
M. Kim, J.K. Mun, J.H. Ahn, J.S. Kim, J. Youn, J.W. Cho (Seoul, Republic of Korea) 
Objective: Diagnostic value of brain magnetic resonance imaging (MRI) in differentiating multiple system atrophy 
cerebellar (MSA-C) phenotype and spinocerebellar ataxias (SCAs) was assessed according to the disease duration. 
Background: Clinical differentiation between MSA-C and SCAs is often challenging especially in the early stage. 
Although hot cross bun (HCB) signs and hyperintensities in the middle cerebellar peduncles (MCP signs) were 
commonly found on brain MRIs of MSA-C and SCAs, none of the published studies focused on the time when HCB 
and MCP signs appeared in the disease course. 
Methods: Among patients who had visited Samsung Medical Center in Seoul, 186 patients with probable MSA-C 
and 117 with genetically confirmed SCAs were included. T2-weighted brain MRIs were divided according to 
disease duration, and prevalence of HCB signs and MCP signs were analyzed. 
Results: Baseline characteristics of the patients were comparable to those of previous studies. HCB and MCP signs 
were exclusively prevalent in MSA-C than in SCA at 3 years of disease duration. This distinction was even more 
evident with the coexistence of HCB and MCP signs. More patients with MSA-C were found to have HCB and 
MCP signs in the follow-up study. Among SCAs, HCB and MCP signs were most frequently observed in SCA2. 
Conclusions: This study illustrates that MRIs in the early stage can differentiate MSA-C from SCAs, as HCB and 
MCP signs were prevalent and appeared earlier in MSA-C than in SCAs. Furthermore, more changes were observed 
in MSA-C than in SCAs as the disease progressed. The differential value of HCB and MCP signs in patients with 
ataxia should be interpreted in association with the disease duration. 

932 
Early Impairment of Chopsticks Skill Predict Atypical Parkinsonism 
Y.E. Kim, H. Ma, Y.J. Kim (Anyang-si, Republic of Korea) 
Objective: To evaluate the difference of chopsticks skill in early stage of Parkinson’s disease (PD) and atypical 
parkinsonism (AP) using a questionnaire and simple motor task. 
Background: In East Asians, using chopsticks as eating utensils is learned since early childhood. Unlike using a 
fork and knife, chopstick skill highly requires finger dexterity of a dominant hand. Chopstick skill may be useful as 
a proxy for apraxia which is more common in atypical parkinsonism. We aimed to evaluate the difference of 
chopsticks skill in early stage of Parkinson’s disease (PD) and atypical parkinsonism (AP) using a questionnaire and 
simple motor task. 
Methods: Consecutively recruited 111 patients with PD and 74 with AP (Progressive supranuclear palsy [PSP], 40; 
Multiple system atrophy, 30; Cortical basal syndrome, 4). They were all drug naïve state. Current state of chopsticks 
use (Chopstick questionnaire, CQ) was interviewed by best response among the 5 scale answers (0, normal; 1, rather 
slow or clumsy than before but no difficulty in having meal; 2, slowness and clumsiness that make meal time 
prolong but can eat by chopstick; 3, I can’t pick some of the dishes; 4, I can’t use chopstick anymore). A motor task 
of chopsticks skill (CST) was tested by counting the number of tablets carried using chopsticks with dominant hand 
from one dish (10 cm diameter) to the other dish of 20 cm-distance for 20 seconds, which was repeated 3 times. 
Results: The age and age-at-onset were not different between PD and AP. (P=.54). Poor chopsticks skill (CQ=3 or 
4) presented in 23.0% (n=17) of patients with AP, especially 30% of PSP, but in only 5.6% (n=6) of PD (OR=5.070 
in AP, OR=7.29 in PSP, P≤.001 in both). Only 1 patient (0.9%) of 111 PD patients complained infeasible chopsticks 
use (CQ=4), while 6 patients (8.1%) of 74 AP patients did (P<.05, OR=9.441, 95% CI 1.112-80.142). The mean 
numbers of pills transferred for 20 seconds (CST) were 10.1 ± 3.1 in PD and 7.8±3.3 in AP (P<.001). CST was well 
correlated with the motor UPDRS, especially with gait/postural instability score and bradykinesia score (R = -.500 
and -.442, P<.001). With respect to cognitive function, visuospatial function and frontal executive function were 
associated with chopsticks skill (CST) (P<.05). 
Conclusions: We found that loss of the ability of chopsticks skill in the early stage of parkinsonism might imply red 
flag for the presence of atypical parkinsonism, especially PSP. 
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933 
Gaze - evoked nystagmus in PSP patients: Is it really atiypical? A case series of eight patients 
M.K. Klarendic, M.a. Hribar, S.B. Battelino, M. Kramberger, M.K. Kojovic (Ljubljana, Slovenia) 
Objective: To present eight patients with progressive supranuclear palsy (PSP) syndrome and horizontal, gaze-
evoked nystagmus (GEN), a finding hitherto assumed atypical for PSP[1]. 
Background: The diagnosis of PSP was made according to clinical criteria and further support by typical brain MRI 
findings and characteristic changes on brain FDG PET CT. 
Methods: Patients were clinically examined and videotaped [table 1,2,3,4]. Vestibulo-nystagmography was used for 
recording of the eye movements and the nystagmus. We searched pub med articles for previous descriptions of PSP 
patients with nystagmus. 
Results: All patients with PSP syndrome had typical vertical gaze limitation and prominent slowing of vertical and 
horizontal saccades. In addition, they all showed horizontal GEN. Three different patterns of GEN could be 
differentiated: (i) GEN accompanying intranuclear ophthalmoplegia-like (INO)findings; (ii) GEN with lateral gaze 
impersistence and (iii) GEN present only in specific body positions. None of the patients had clinical or imaging 
signs of cerebellar dysfunction that could account for observed GEN. In the previous literature, we found only 4 
single case reports of nystagmus in PSP[2,3,4,5]. 
Conclusions: The same pontine structures are responsible for both, the voluntary saccades and the fast phase of the 
nystagmus. Thus, it may be expected that slowing of the voluntary saccades is accompanied by loss of the fast 
component of the nystagmus, making the nystagmus atypical for PSP[6]. However, our observation suggests the 
GEN may be a part of abnormal oculomotor findings in PSP syndrome. GEN in PSP may arise as a consequence of 
frontal circuits for supranuclear voluntary saccadic control being disproportionally more affected than posterior 
cortical circuits, responsible for reflexive saccades. Asymmetrical brainstem neurodegeneration may contribute to 
GEN in the cases with INO-like findings. Finally, when nucleus prepositus hypoglossi, a part of horizontal gaze 
hoding system, is affected, a syndrome consisting of slowing of the saccades, nystagmus, vestibular disturbance and 
gaze impersistence may arise[8]. GEN is overlooked feature of PSP, probably as it only appears transiently, when 
horizontal saccades are not fully affected.  Observing GEN should not deter the clinician from the diagnosis of PSP 
syndrome. 
References: 1. Respondek G1, Kurz C, Arzberger T, et al. Which ante mortem clinical features predict progressive 
supranuclear palsy pathology? Movement Disorders. 2017;32:995-1005. 2. Koga S, Aoki N, Uitti RJ, et al. When 
DLB, PD, and PSP masquerade as MSA: an autopsy study of 134 patients. Neurology. 2015;85:404-12.3. 3. 
Matsumoto H, Ohminami S, Goto J, Tsuji S. Progressive supranuclear palsy with wall-eyed bilateral internuclear 
ophthalmoplegia syndrome. Archieves of Neurology. 2008;65:827-9. 4. Gold DR, Atypical ocular motor features 
(gaze-evoked nystagmus) in PSP. Neuro-ophthalmology Virtual Education Library NOVEL. 
2018;http://NOVEL.utah.edu. 5. Mastaglia FL,.Grainger KMR. Internuclear ophthalmoplegia in progressive 
supranuclear palsy Journal of the Neurological Sciences. Journal of the Neurological Sciences. 1975;25(3); 303-308. 
6. Xu Z, Lim TCC, Au WL, Tan LCS. Progressive Supranuclear Gaze Palsy with Predominant Cerebellar Ataxia: A 
Case Series with Videos. Journal of Movement Disorders. 2017;10(2):87-91. doi:10.14802/jmd.1605 7. Kaneko 
CRS. Eye movement deficits after ibotenic acid lesions of the nucleus prepositus hypoglossi in monkeys. 1. 
Saccades and fixation. J Neurophysiol 1997;78:1753-68. 
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934 
A case of osmotic demyelination syndrome presenting parkinsonism affected by blood alcohol concentration 
change 
M. Kondo, A. Unaki, T. Kimura (Tokyo, Japan) 
Objective: To describe a patient with osmotic myelinolysis caused by change in blood alcohol level who developed 
acute parkinsonism. 
Background: Osmotic myelinolysis is an acute, rare, demyelinating process. It is mainly caused by the rapid 
correction of hyponatremia. However, there are case reports of osmotic myelinolysis without associated 
hyponatremia. Although the exact pathogenesis is still unclear, it is suggested that it occurs not only due to sodium 
ion abnormality but also when the extracellular fluid is relatively hypertonic compared to intracellular fluid. 
Methods: Case report 
Results: A 71 years old man was admitted to our hospital with consciousness disturbance. The patient had a history 
of chronic alcoholism. Although the cause of disturbance of consciousness at the time of admission was unclear, it 
improved naturally. However, parkinsonism (bradykinesia and gait disturbance) emerged from the 15th hospital day, 
and it progressed rapidly. About one week later he became nearly bedridden. The brain MRI showed high signal on 
bilateral globus pallidus in T2WI and FLAIR images. This finding was not observed in the brain MRI at the time of 
admission. Considering this finding together with medical history and neurological examination, osmotic 
demyelination may have occurred. He received general management and was treated with levodopa. He improved 
gradually over time. After about a month, he got to understand our instruction a little and began to move his limbs 
slightly. 
The laboratory tests on admission revealed elevation of blood ethanol level (144mg/dl). Serum sodium was 131 
mEq/l. The next day, serum sodium was 138mEq/l. Considering the osmotic pressure change accompanying the 
lowering of the blood ethanol level, there is an osmotic pressure change of about 18 mOsm/kg in one day. It was 
equivalent to 9mEq/l converted to change in sodium concentration. We considered that this change in osmotic 
pressure caused osmotic myelinolysis. 
Conclusions: Change of ethanol concentration also affects blood osmotic pressure besides sodium, blood glucose 
and BUN. When we treat a patient with a history of acute and chronic alcohol addiction, it is necessary to carefully 
manage blood osmotic pressure considering alcohol metabolism. 

935 
Serum uric acid level as a biomarker in sporadic and familial (p.A53T alpha synuclein carriers) Parkinson’s 
disease: Longitudinal data from the PPMI study 
C. Koros, A.M. Simitsi, M. Stamelou, D. Papadimitriou, A. Bougea, I. Pachi, N. Papagiannakis, A. Prentakis, E. 
Angelopoulou, R. Antonellou, M. Bozi, X. Geronicola Trapali, L. Stefanis (Athens, Greece) 
Objective: To determine whether there are longitudinal differences in serum uric acid level among sporadic 
Parkinson’s disease (PD) patients, PD patients harboring the p.A53T mutation in the alpha-synuclein gene and 
healthy controls. 
Background: The Parkinson’s progression markers initiative (PPMI) study evaluated the 5-year change of clinical, 
imaging and biochemical parameters in de novo PD patients, in patients with genetic forms of PD (including carriers 
of the p.A53T mutation in alpha-synuclein) and in matched healthy controls. 
Methods: Data regarding longitudinal 5-year serum uric acid measurements of 421 de novo PD patients and 174 
age-, sex- and disease duration matched healthy controls have been downloaded from the PPMI database. 
Biochemical analysis had been carried out in Covance laboratories in a uniformed way. Statistical analysis was 
performed using repeated measures ANOVA (tests of within- and between- subjects effects). Furthermore, we 
assessed baseline and year 1 serum uric acid measurements of 24 p.A53T a-synuclein PD patients enrolled in PPMI 
and followed in our site as compared to 24 matched sporadic PD patients and 24 healthy controls. 
Results: Longitudinal serum uric acid measurements did not differ statistically between sporadic PD patients and 
healthy controls (despite a trend for lower uric acid in PD) (p=0.942) and there was no significant effect of time on 
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uric acid level. This was also true when male and female subgroups were assessed separately (p=0.874 and 
p=0.153). p.A53T mutation carrier PD group exhibited lower baseline serum uric acid level as compared to their 
matched healthy controls (4.39±1.44 versus 5.13±1.46 mg/dL, p=0.025). Sporadic PD serum uric acid level was 
intermediate (4.68±1.42 mg/dL) and did not differ from either p.A53T PD (p=0.439) or healthy controls (p=0.201). 
Conclusions: We failed to replicate the established lower serum uric acid measurements in PD patients as compared 
to controls using PPMI data, possibly due to the fact that as per the study protocol, PD patients in baseline visit were 
de novo and the average disease duration was shorter than that observed in most epidemiological PD studies. The 
faster progression rate and increased disease severity in p.A53T PD might account for the lower serum uric acid 
observed in this subgroup. 

936 
123I-FP-CIT SPECT imaging in early PD patients versus mid and late onset PD: Longitudinal data from the 
PPMI study 
C. Koros, A. Simitsi, M. Stamelou, A. Prentakis, A. Bougea, I. Pachi, D. Papadimitriou, I. Beratis, N. 
Papagiannakis, E. Angelopoulou, S. Papageorgiou, X. Geronicola Trapali, L. Stefanis (Athens, Greece) 
Objective: To determine whether there are longitudinal differences in dopaminergic denervation [as exemplified by 
signal reduction in 123I-FP-CIT SPECT] in early PD patients versus mid and late onset PD. 
Background: The Parkinson’s progression markers initiative (PPMI) study evaluated the 5-year change of clinical, 
imaging and biochemical parameters in de novo Parkinson’s disease (PD) patients. Recently published PPMI data 
indicate a significant longitudinal decrease in dopamine transporter binding in all striatal regions assessed [1]. 
Methods: 123I-FP-CIT SPECT imaging was acquired at Parkinson’s Progression Markers Initiative imaging centers 
as part of the study imaging protocol and sent to the imaging core for processing and calculation of striatal binding 
ratios. Data from the PPMI database of 58 early de novo PD patients (age ≤ 50 years) were compared to those of 363 
mid and late onset PD patients (age > 50 years). Statistical analysis has been performed using repeated measures 
ANOVA. 
Results: Early PD patients had significantly higher caudate nucleus (p=0.001) and putamen (p=0.001) binding ratios 
ipsilaterally to the most affected side as compared to mid and late onset PD.  A similar trend was observed for the 
contralateral caudate nucleus and putamen but did not reach significance (p=0.21 and p=0.531).  The rate of signal 
decline was comparable between young onset and mid/late onset PD in all striatal regions with the exception of 
ipsilateral putamen (less prominent in the late onset group, Time*Group interaction p=0.031). There was no 
difference regarding caudate / putamen signal ratio both ipsilaterally and contralaterally (p=0.47 and p=0.407 
respectively).  Moreover, caudate nucleus and putamen asymmetry (contralateral/ipsilateral ratio) was more 
pronounced in the young PD group (p=0.001 and p=0.012). Putamen asymmetry decreased over time in both 
subgroups. 
Conclusions: Assessing longitudinal data, the subgroup of early de novo PD patients exhibited less dopaminergic 
denervation and a greater striatal asymmetry comparing to mid and late onset PD. This result might implicate an 
earlier clinical diagnosis of PD since first symptom appearance in younger patients. The faster rate of signal decline 
in ipsilateral putamen of younger PD is not supportive of a milder disease affectation in this subgroup, as previously 
suggested [2]. 
References: [1] Simuni T et al. Longitudinal Change of Clinical and Biological Measures in Early Parkinson's 
Disease: Parkinson's Progression Markers Initiative Cohort. Mov Disord. 2018; 33(5):771-782. [2] Pagano G et al. 
Age at onset and Parkinson disease phenotype. Neurology. 2016; 86(15):1400-1407. 

937 
Is the personal Kinetigraph useful in the management of Parkinson´s disease patients? A retrospective study 
from a tertiary movement disorder center 
E. Krause, J. Randhawa, R. Mehanna (Houston, TX, USA) 
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Objective: To assess the usefulness of the Personal KinetiGraph (PKG) in characterizing the intensity and timing of 
motor symptoms in Parkinson´s Disease (PD) patients. 
Background: PD’s motor symptoms can be difficult to properly characterize based on patient interviews and in-
clinic physical examinations. The PKG® has been shown to objectively measure motor symptoms in PD including 
the presence and timing of bradykinesia, tremor, dyskinesias, motor fluctuations, and response to medications. 
Methods: Retrospective study of all PD patients followed at a tertiary academic movement disorders center who 
were assessed by PKG between December 1, 2016 and October 30, 2018. The chart review recorded among other 
PKG indication and PKG impact on decision making. PKG indications included patient 1-was unable to give all 
characteristics of response to individual doses of medication, , 2- did not feel any response to medication individual 
doses but overall felt better, 3-felt no response at all to medication, or f clinician 4- wanted to verify the accuracy of 
patient´s reported response to medications or 5- initiated treatment and wanted to objectively assess the response (ie 
no patient input at the time PKG was ordered). 
Results: 170 total PKG sessions corresponding to 103 patients (61 males, average age 68.6) were examined. 
Average disease duration at PKG recording was 7 years. The indications for PKG sessions were as follows: 45 PKG 
for indication 1, 26 PKG for indication 2, 17 PKG for indication 3, 73 PKG for indication 4, and 9 PKG for 
indication 5. Of these indications, 67 PKG results allowed the physician to characterize response when patient was 
unable to give full answer. 65 PKG results allowed the physician to characterize motor symptoms differently than 
what the patient reported. 29 PKG results confirmed the patient's original report. 9 PKG results confirmed partial 
response to initial treatment requiring escalation in treatment. 
Conclusions: In our series, PKG corrected or complemented patient input in 132 cases (77.6%) and confirmed it in 
38 (22.4%), underlying the importance of characterizing and verifying patient´s history via a wearable device such 
as PKG in order to optimize medical management. 
References: 1.Griffiths RI, Kotschet K, Arfon S, Xu ZM, Johnson W, Drago J, Evans A, Kempster P, Raghav S, 
Horne MK. Automated assessment of bradykinesia and dyskinesia in Parkinson's disease. J Parkinsons Dis. 
2012;2(1):47-55. 2.Braybrook M, O’Connor S, Churchward P, Perera T, Farzanehfar P, Horne M. An Ambulatory 
Tremor Score for Parkinson’s Disease J Parkinsons Dis. 2016 Oct 19;6(4):723-731 

938 
Cognitive event related potentials as biomarker of non-motor phenotypes in Parkinson’s Disease 
S. Kryzhanovskyi, N. Koshel, N. Karasevych, A. Pisaruk, I. Karaban (Kyiv, Ukraine) 
Objective: This research aimed to study the specific changes in cognitive event related potentials (ERP) in patients 
with different non-motor subtypes of Parkinson’s disease (PD). 
Background: Non-motor dysfunctions accompany all stages of PD and are important factors that affect the quality 
of life of the patient. Understanding of neurological mechanisms of different non-motor phenotypes can be used for 
development of precision treatment for PD. 
Methods: The oddball paradigm was used to record the cognitive ERP in 146 patients with PD (age 45-75 years, 
Hoehn-Yahr 2.5-3.0). Unified Parkinson's Disease Rating Scale (UPDRS) and Non-motor Symptoms Scale (NMSS) 
were used to evaluate motor and non-motor symptoms of PD. K-mean clustering were performed to group 
symptoms together. ERP source localization was carried out using Low-resolution brain electromagnetic 
tomography (sLORETA). 
Results: Four clusters were identified by different combinations of patient’s age, age at onset, UPDRS and NMSS 
subscales score. Two clusters (A1, A2) had minor non-motor symptoms and two clusters had significant non-motor 
dysfunctions: B1 (Perceptual problems/hallucinations, Attention/memory, Gastrointestinal tract, Urinary, Sexual 
function) and B2 (Sleep/fatigue, Mood/cognition, Gastrointestinal tract, Sexual function). Patients from cluster B2 
had significantly lower age (56±1.5 years) and age of onset (48±1.7years) compared to other groups. A latency of 
ERP component P3 was significantly higher in both B1 (448 [396; 482] ms) and B2 (460 [400; 518] ms) clusters 
compared to other groups without non-motor changes. Patients of cluster B2 also had an increased latency of the N2 
component (326 [292; 364] ms) and reduced P3 amplitude (5.5 [2.4; 8.7] mkV, central areas). For B2 cluster only, 
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we found a decreased differences in the P3s to target or no-go stimuli. LORETA analysis reveals missed activation 
of midcingulate sources of P3-N2 complex. 
Conclusions: For both non-motor phenotypes in PD an increased latency of cognitive ERP was observed. A 
decreasing of cognitive ERP amplitude and midcingulate sources activity was a specific biomarker of patients with 
an early onset of PD and high scores of the sleep, mood, cognitive and gastrointestinal tract dysfunctions. 

939 
The impact of HIV on the severity and course of Parkinson's disease: a clinical case 
A. Kudrevatykh, E. Gracheva, I. Miliukhina (St. Petersburg, Russian Federation) 
Objective: About 12 million people in the world suffer from Parkinson's disease (PD), and 36.9 million suffer from 
HIV. The proportion of people with HIV older than 50 y.o. is 42%. Given the data of epidemiology, the problem of 
combination of PD and HIV is relevant. 
Background: Patient I., 55 y.o., considers herself ill since 2007 (47 years), when pain and restriction of movements 
in the left shoulder joint appeared, after 2 years developed stiffness of the left leg. 
Methods: Since 2011 she administers levodopa. In 2015 mild dystonia of the left leg developed, until 2016 the 
disease had a moderate rate of progression, by the end of 2015 the PD stage was 2.0 by Hoehn and Yahr scale. In 
2016, she suffered a 3-days episode of an acute increase of the body temperature up to 390Сwithout any 
inflammation symptoms. After this episode the progression of PD has accelerated with appearance of acute 
deterioration in motor activity, dyskinesias, increased dystonia, gait instability, in mid-2016, the stage of PD became 
2.5 by Hoehn and Yahr scale. In 2017 she was diagnosed as HIV carrier, started ARVT (Zidolam 0.3 + 0.6 g / day, 
Isentress 0.8 g / day), and it appeared that symptoms of PD worsened: painful muscle spasms developed, dystonia 
increased, gait significantly worsened, rigidity, hypokinesia, motor fluctuations increased, in the form of abrupt 
transitions from «on» to «off» to 4 min, «delayed on-periods» to 40 min, the effect of «dose skipping». In the «off-
period» PD stage reached 3.0 by Hoehn and Yahr scale. Due to the ineffectiveness of ARVT (high viral load 
remained) in the autumn of 2018 it was corrected (Emtritab 0.2 g / day, Tenofovirum 0.3 g / day, Isentress 0.8 g / 
day), and again dystonia significantly increased, painful spasms appeared in areas of the left ankle, the patient began 
to use a wheelchair. In February 2019 PD stage in the «off-period» became 4.0 by Hoehn and Yahr scale. 
Results: A feature of the presented clinical case is that the patient is cognitively conserved (MMSE-28, MoCA – 30, 
2019), brain MRI data from 2019 exclude the development of neurological complications of HIV. 
Conclusions: Thus, we observed the rapid progression of PD on the background of HIV and the effect of ARVT on 
the severity of dystonia, i.e. patients with this combination need a personalized approach to treatment of PD and 
HIV. 

940 
Beneficial and protective effects of Terminalia chebula in a murine model of Parkinson's disease 
A. Kumar, S. Farhat (New Delhi, India) 
Objective: Present study was designed to investigate whether Terminalia chebula (TC) extract would prevent 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)  induced neurotoxicity in male Wistar rats. 
Background: Parkinson's disease (PD) is a major neurological disorder known since ancient times. It is 
characterized by signs of major oxidative stress and mitochondrial damage in the pars compacta of substantia nigra. 
Methods: MPTP was stereotaxically injected into the substantia nigra pars compacta  of male Wistar rats. Male 
Wistar rats were divided into following five groups: Group I received vehicle (saline (10 ml/kg for 21 days) orally); 
Group II received TC extract (200 mg/kg for 21 days) orally; Group III was treated with 20 mg/kg MPTP i.p. for 21 
days; Group IV received 20 mg/kg MPTP, i.p. along with 200 mg/kg TC orally for 21 days. Group V received 20 
mg/kg MPTP i.p. along with 400 mg/kg TC orally for 21 days.  And then, the rats were sacrificed for further studies. 
Results: The mice treated with MPTP developed motor dysfunction and behavioral alterations similar to PD, which 
was tested with rotarod test, and hang test which revealed the impaired performance, working memory, object 
recognition, reduced neurogenesis and impaired neuromuscular strength respectively. Group III rats elicited 
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significant increase in lipid peroxidation along with reduction in level of antioxidant enzymes and total antioxidants. 
Histological data revealed that MPTP treated rats shown pathological changes like cellular inflammation and 
vascular degeneration in brain tissue. Treatment with TC extract reversed the motor dysfunction, antixodant 
enzymes, lipid peroxidation  significantly in a dose dependent manner. The  Bcl-2/Bax gene expression ratio and 
protein expression of brain derived neurophic factor (BDNF)  were significantly increased in TC treated groups. 
Conclusions: TC by its antioxidant property has a neuroprotective activity both in motor activity and behaviourally 
in the MPTP induced Parkinson disease in mice. 

941 
Neuroprotective effect of Lemon oil on 6-OHDA-Induced Apoptosis in PC12 Cells through the ROS-NO 
Pathway 
V. Kumar (Allahabad, India) 
Objective: The objective of current investigation was to decipher e the neuroprotective effect of lemon oil (LO) on 
PC 12 cell lines by 6-hydroxydopamine (6-OHDA) of neuroblastoma of human origin, further to clear the signaling 
pathways in it. 
Background: Its well established fact that Parkinson Disease is a neurodegenerative disease of CNS with 
progressive nature. No clear etiology is established regarding its pathogenesis, however, investigations suggested 
that the inflammation and oxidative stress is an important mediator in its pathogenesis. 
Methods: MTT assay was performed for the estimation of cell viability and also estimation the hydrogen peroxide 
(H2O2) generation for estimation the intracellular signaling pathways. Furthermore, to determine the mitochondrial 
membrane potential changes and caspase-3 effect of this compound. 
Results: The dose of LO in concentration and time dependent manner treatment of PC12 cells to 6-OHDA (10–1000 
μM) down-regulated the cell viability count. The result exhibited that cell death induced via 6-OHDA was mediated 
through an up-regulation of H2O2 production. It is estimated that there was enhanced caspase 3 activity attributing 
to depolarization of mitochondrial membrane. LO reduced the reactive oxygen species (42%), nitric oxide (40%), 
intercellular free Ca2+ (62%) and down-regulated the over production of inducible nitric oxide synthase (51%), 
nuclear factor κB (56%) and neuronal nitric oxide synthase (28%), respectively. These effects occur due to reduction 
the production of H2O2 and protect the mitochondrial membrane’s potential and down-regulated of caspase-3 effect. 
Conclusions: The result suggests that LO can be promising source with neuroprotective effect via ROS-NO 
pathway. 

942 
Motor Response Inhibition – A potential tool to determine optimum STN-DBS setting 
H. Kumar, A. Roy, S. Choudhury, P. Basu, M. Baker, S. Baker (Kolkata, India) 
Objective: To explore the possibility of using an automated bed side test of motor response inhibition - Stop Signal 
Reaction Time (SSRT) while optimizing DBS parameters. 
Background: Deep brain stimulation (DBS) of STN is increasingly used in the treatment of Parkinson’s 
disease(PD), across the globe. The effectiveness of the DBS treatment depends to a large extent on periodic 
programming of the device. The optimum setting of DBS parameters is determined by clinical assessments of the 
motor score. The hyper-direct pathway connecting the frontal cortex and STN is strongly implicated in the control of 
motor response inhibition. We therefore hypothesize, that optimal STN DBS will normalize the SSRT in PD patients 
by activating this pathway. 
Methods: We developed a stand-alone battery-operated box with one green, one red LEDs and a press-button on it. 
The patients were instructed to release the button as soon as the green LED flashed. Randomly, in some trials (45 
out of total 180 trials) the red LED flashed just after the green LED. In those trials the patients were instructed to 
inhibit the activity of releasing the button. These responses can be statistically analysed to obtain an objective 
statistical measure- Stop Signal Reaction Time (SSRT) indicating the efficiency of response inhibition. We assessed 
the SSRT and UPDRS III in three situations. Initially, when the patient came to the clinic complaining of motor 
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slowness or deteriorated tremor in existing DBS setting, after turning off the DBS and after optimizing the DBS 
programming. 
Results: We included 7 consecutive Parkinson’s patients with STN-DBS leads in situ. The baseline average UPDRS 
III and SSRT was 26 ms (SD 12 ms) and 331 ms (SD 71 ms) respectively. We observed an increase in the UPDRS 
III (37, SD 17) and significant (p 0.018) prolongation of the SSRT (412 ms, SD 92 ms), as expected after turning off 
the DBS. The UPDRS III reduced (11, SD 8) and SSRT shortened (285 ms, SD 45 ms) significantly (p 0.018) from 
baseline after optimizing the DBS settings. 
Conclusions: SSRT could be developed as a simple, objective and quantitative bedside tool for optimizing DBS 
parameters. Such an approach could be implemented with minimal training. 

943 
Speech and language changes in cognitive impairment subtypes in patients with Parkinson´s disease 
A. Kušnírová, Z. Košutzká, M. Hajdúk, M. Králová, M. Pápayová, M. Egryová, P. Valkovič, Z. Cséfalvay 
(Bratislava, Slovakia) 
Objective: The aim of our study was to compare speech (intelligibility and comprehensibility) and language 
(lexical-semantic aspect) abilities with cognitive profiles in patients with Parkinson´s disease (PD). 
Background: Motor control of speech as well as cognitive-linguistic domains may be impaired in PD. Speech 
intelligibility, comprehension and language skills are dependent on intact executive functions, balance in retrieval of 
words and grammatical structures, and working memory. 
Methods: We enrolled 49 patients (34 men) with idiopathic PD without dementia with the mean age 62.06±8,99 
years; duration of disease 5,77±4,19 years, H&Y stage 2.0±0.5 and total MDS-UPDRS part III 31±11,18. 
Neuropsychological battery was administered in order to identify various cognitive impairment profiles. Cluster 
analyses was utilized for identification of subgroups of patients. To assess lexical retrieval of nouns and verbs 
during confrontation naming task, The Object and Action Naming Test (OANT) was administered. Intelligibility 
and comprehensibility of speech was measured using computerized version of Slovak Speech Intelligibility Test (T-
ZROD). Word and sentence level were assessed during evaluation. ANOVAs were used for between-group 
comparisons of performance in T-ZROD and OANT. 
Results: Three cognitive profiles were identified. The first group (n=14) was characterized with prominent 
impairment in executive and mnestic functions, the second group (n=14) showed dominant deficits in executive 
functions only and the third group (n=21) seem to be cognitive within normal range. Analysis of variance didn´t 
detect any significant difference in performance in speech T-ZROD. In lexical retrieval of nouns (object naming) 
there was no significant decline in performance in each group. However, in the group with impairment in executive 
and memory functions showed significantly worse scores in verb retrieval (action naming) in comparison to group 
with relatively intact cognitive profile (p = 0.011), and to the group with marked executive deficits (p = 0.003). 
Conclusions: We identified three different cognitive subgroups of PD patients. No difference in speech 
intelligibility was found among groups, but patients with marked executive function and memory impairments had 
significantly worse action but not object naming ability than other two groups. 
References: Miller N, Noble E, Jones D, Burn D. Life with communication changes in Parkinson’s disease. Age 
Ageing. 2006 May;35(3):235–9. 

944 
Comorbid Parkinson’s disease and Myasthenia Gravis: A Case-Control Study 
K. LaFaver, D. Mohanty, C. Bodkin, M. Brown, A. Druker, J. Farmer, J. Fleisher, I. Gambhir, T. Harlow, F. Leon-
Sarmiento, C. Perry, Z. Wang, A. Espay (Louisville, KY, USA) 
Objective: To evaluate the clinical features of patients with Parkinson’s Disease (PD) with versus without comorbid 
Myasthenia Gravis (MG). 
Background: The recognition of the co-occurrence of myasthenia gravis (MG) in Parkinson’s Disease (PD) is 
challenging, given the symptomatic overlap. 
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Methods: We designed a multi-center case-control study selecting patients with a diagnosis of PD based on UK 
brain bank criteria and MG based on clinical, electrophysiological and immunological features (PD-MG) as cases 
and age- and gender-matched PD-only patients as controls. We evaluated demographics, family history, motor and 
non-motor symptoms, laboratory and electrophysiological data, and medication use. PD severity was assessed by 
Hoehn and Yahr stage and UPDRS motor scores. 
Results: 14 PD-MG cases (79% males, 21% females; mean age 72.5 +/-8.4 years) were compared to 14 PD-only 
controls. Duration of PD symptoms, time to diagnosis, disease stage, and daily levodopa equivalent dose were 
similar in cases and controls. Tremor was the predominant presenting phenotype in both groups. Dysphagia was 
more frequently reported in PD-MG than PD-only patients (p=0.04). PD-MG cases included 8 with generalized MG, 
4 ocular, 1 bulbar and 1 combined. PD diagnosis predated MG in 35.7% whereas MG predated PD in 42.9% of 
cases; with 21.3% being diagnosed concurrently. MG diagnosis was confirmed by positive acetylcholine receptor 
antibodies (n=8) and electrophysiologic testing (n=8).  MG was under treatment in all PD-MG cases; PD in all but 
two patients in both groups. Two PD-MG cases required ICU admission and intubation for respiratory failure. 
Conclusions: Comorbid MG in PD has rarely been described in the literature. Olfactory dysfunction, sleep 
disorders, and dysphagia can occur in PD and MG. While there were no differences in initial symptom presentation 
in PD-MG versus PD alone, dysphagia was more common in the PD-MG group. Dysphagia alone or with ptosis 
(“apraxia of eyelid opening”) or diplopia may represent clues for suspecting comorbid MG in patients with PD. 

945 
Improving medical management of patients with parkinsonism in a New Zealand public hospital 
S. Lance, D. Bourke, J. Travers (Wellington, New Zealand) 
Objective: We aimed to evaluate the effectiveness of a multimodal education and awareness campaign in reducing 
medication errors in patients with Parkinson’s Disease (PD) and Atypical Parkinsonian Syndromes (APS) admitted 
to a secondary level public hospital in New Zealand. 
Background: Patients with PD and APS are 1.5 times more likely than comparators to be hospitalized and have a 
significantly longer length of stay in hospital (1). Medication delays, inappropriate medication omission, and 
administration of contraindicated medications likely contribute to these poor outcomes (1). Education and hospital 
system interventions may reduce these errors. 
Methods: We performed an audit of hospital medication charts to establish the baseline medication error rate and 
patient outcomes over a three-month period. We then delivered an intervention consisting of staff education 
sessions, a sticker alert system and increased priority for pharmacist review of patient drug charts. We repeated the 
audit after the intervention. 
Results: In the initial audit, the medication error rate was 23%, the clinical complication rate was 45% and one 
death was directly attributable to medication error. At follow up, the medication error and complication rates were 
13% and 41% respectively and there were no attributable deaths. The average length of stay before and after the 
intervention was 13 days and 8 days respectively. 
Conclusions: There is a high in-hospital medication error rate for parkinsonian patients. This may contribute to the 
high complication rate and length of stay. Our intervention resulted in improvement of error rates and also patient 
outcomes. Similar interventions may be beneficial in other institutions. 
References: 1. Gerlach OHH et al. Clinical Problems in the Hospitalized Parkinson's Disease Patient: Systematic 
Review. Mov Disord 2011; 26(2): 197-208 

946 
Speculation on the timing of iron deposition in the putamen of patients with multiple system atrophy: 
multimodal MRI study 
J.H. Lee, M.J. Lee (Yangsan-si, Republic of Korea) 
Objective: We sought to investigate the temporal pattern of iron deposition in  the putamen of patients with multiple 
system atrophy (MSA)  by calculating conditional probabilities (CPs) of multimodal  MRI changes. 
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Background:  
Although iron accumulation is thought to be associated with neurodegenerative processes, the timing of putaminal 
iron deposition during the disease course of MSA remains unclear. 
Methods: We simultaneously measured putaminal R2*, volume and MD values of 39 probable MSA patients and 
22 control subjects. The presence of significant MRI changes was defined as higher R2* and MD values, or lower 
volumes than cut-off values derived from mean values in control putamen. The CPs of R2* changes without MD or 
volume changes were then compared with those of MD or volume changes without R2* changes. 
Results: Regardless of the cut-off values, the CPs of R2* increments without MD or volume changes were 
significantly lower than those for MD or volume changes without R2* increments. The associations of R2* with 
volume and MD values appeared in non-linear exponential and quadratic patterns, respectively. 
Conclusions: Our findings suggest that putaminal iron accumulation would occur under volume atrophy or MD 
increments. Thus, iron deposition in the putamen of MSA patients is likely a secondary byproduct of 
neurodegeneration. 

947 
Early postural instability is an effective predictor of future freezing of gait in Parkinson’s disease 
J. Lee (Goyang-si, Republic of Korea) 
Objective: This prospective cohort study investigated the potential predictor of future FOG occurrence in patients 
with de novo PD. 
Background: Freezing of gait (FOG) is a well-known refractory motor manifestation which is often found in 
advanced Parkinson’s disease (PD). It may result in frequent falling with critical physical injuries, but the 
pathogenesis and effective treatments are elusive. 
Methods: Total of 63 de novo PD patients were included in this study. All the subjects underwent brain magnetic 
resonance imaging (MRI), [18F] N-(3-Fluoropropyl)-2β-carbon ethoxy-3β-(4-iodophenyl) nortropane positron 
emission tomography (18F-FP-CIT PET), and Unified PD Rating Scales (UPDRS) at their initial diagnosis. 
Midbrain to pons ratio was calculated from linear measurement of both midbrain and pontine regions based on 
sagittal plane of individual T1 MRI. The UPDRS III was subclassified into scores of tremors, rigidity (item 22 
except neck region), bradykinesia (items 23, 24, 25, and 26), and axial symptoms (items 18, 19, 22 (neck region 
only), 27, 28, 29, and 30). Whether a development of FOG was regularly checked up with longitudinal standard 
treatments. 
Results: Twelve patients had developed FOG during mean follow up period of 2.8 ± 1.7 years. Postural instability, 
an item 30 of UPDRS III, was an effective predictor of development of FOG (Odds ratio [OR], 1.52; p < 0.001), 
while composite scores of axial symptoms showed trend without significance (OR, 1.38; p = 0.062). Other symptom 
categories including tremors, rigidity, and bradykinesia did not show any evident findings.  Subjects who 
encountered FOG showed smaller midbrain size than those of whom did not (midbrain to pons ratio, 0.51 (0.06) vs 
0.64 (0.12), p < 0.05). 
Conclusions: Our data demonstrated that early postural instability might be effective to predict future development 
of FOG in PD. More careful and special attention should be paid to PD patients who have early balance problems. 

948 
Beneficial effect of estrogen on nigrostriatal dopaminergic neurons in drug-naïve postmenopausal 
Parkinson’s disease 
Y.H. Lee, J.H. Cha, S.J. Chung, H.S. Yoo, Y.H. Sohn, B.S. Ye, P.H. Lee (Seoul, Republic of Korea) 
Objective: To investigate the potential beneficial effects of estrogen on nigrostriatal dopaminergic neuron 
degeneration in postmenopausal drug-naïve Parkinson’s disease. 
Background: Epidemiologic studies have revealed that the prevalence of PD is 1.5-2-fold lower in women than in 
men, suggesting a possible protective influence of estrogen in predilection to the disease. Experimental evidences 
suggest that estradiol exerts neuroprotective effects on dopaminergic neurons and promotes dopaminergic activity in 
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the striatum. Until now, the potential beneficial effects of estrogen on nigrostriatal dopaminergic degeneration in 
patients with PD have not been investigated using in vivo neuroimaging. 
Methods: Based on the ratio of lifetime estrogen exposure length to the total length of the estrogen exposure and 
deprivation period, postmenopausal women with drug-naïve Parkinson’s disease were divided into low (n = 31) and 
high (n = 31) estrogen exposure ratio groups. We performed a comparative analysis of the striatal dopamine 
transporter (DAT) availability between the two groups. Additionally, we evaluated the longitudinal change in the 
levodopa equivalent dose per month using a linear mixed model. 
Results: The motor symptoms were more severe in the low estrogen exposure ratio group than in the high estrogen 
exposure ratio group (p = 0.016). PD patients in the two groups had significantly lower DAT availability than did 
normal controls. When comparing the two groups, Parkinson’s disease patients in the low estrogen exposure ratio 
group exhibited significantly lower DAT availability in the posterior putamen (p = 0.026) and in the ventral putamen 
(p = 0.037) than those in the high estrogen exposure ratio group. The estimated monthly levodopa equivalent dose 
changes were 10.9 in the low estrogen exposure ratio group and 7.1 in the high estrogen exposure ratio group with a 
significant interaction between the two groups (p = 0.001). 
Conclusions: These in vivo data provide indirect evidence showing that estrogen may elicit a beneficial effect on 
nigrostriatal dopamine neurons in Parkinson’s disease. 
References: [1] H.K. Park, S. Ilango, C.M. Charriez, H. Checkoway, D. Riley, D.G. Standaert, Y. Bordelon, D.R. 
Shprecher, S.G. Reich, D. Hall, B. Kluger, C. Marras, J. Jankovic, R. Dubinsky, I. Litvan, Lifetime exposure to 
estrogen and progressive supranuclear palsy: Environmental and Genetic PSP study, Movement disorders : official 
journal of the Movement Disorder Society 33 (3) (2018) 468-472. [2] E. Cereda, M. Barichella, E. Cassani, R. 
Caccialanza, G. Pezzoli, Reproductive factors and clinical features of Parkinson's disease, Parkinsonism & related 
disorders 19 (12) (2013) 1094-1099. [3] R.A. Popat, S.K. Van Den Eeden, C.M. Tanner, V. McGuire, A.L. 
Bernstein, D.A. Bloch, A. Leimpeter, L.M. Nelson, Effect of reproductive factors and postmenopausal hormone use 
on the risk of Parkinson disease, Neurology 65 (3) (2005) 383-390. 
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949 
The Power of Normal Saline in Reducing Skin Nodules in Apomorphine 
F. Leen, A. Evans, T. Canento, M. Ghaly, C. Wools, B. Cruse, M. Beckley (Melbourne, Australia) 
Objective: This is a poster presentation 
Background: Continuous apomorphine therapy is a pump delivered infusion via subcutaneous injection for 
management of advanced therapy in Parkinson's disease. The aim is to improve motor fluctuations and to reduce the 
numbers and severity of daily ‘off phases” (1). Subcutaneous nodules are a side effect of these infusions 
(2).Supportive evidence examined biopsies of these local inflammatory reactions which identified the nodules as 
panniculitis (3). Necrosis and subcutaneous abscesses can occur in the most severe cases of nodules (4).Good skin 
care routine, rotation of injection sites and massage  can help to reduce the incidence of skin nodule. The presence of 
nodules may interfere with absorption of the drug(5). There has been previous case studies where apomorphine at 
2mg/hr, diluted with 1:2 sodium cholride has been trailed in an attempt to improve skin adverse events (6) 
Methods: Pt 1 received a established effective 5mg hourly infusion dose without dilution using apomorphine 
100mg/20ml vials. Pt 2 received the same hourly dose of apomorphine, the infusion was constituted with 16mls of 
active ingredient and 4mls normal saline. The fluid rate measured by millilitres per hour is increased, whilst the 
milligrams of apomorphine delivered per hour is not altered. Observational data were collected over a 60 day period 
at baseline, at month 1 and at month 2. Nodules were examined and rated by a nurse. 
Results: The skin nodules were less frequent and less severe in patient two when compared to patient one  It was 
also noted that the recovery rate of skin nodules developed in patient one was more rapid than compared with patient 
two. There was a higher incident of necrosis when apomorphine was administered undiluted. The data is not 
significant due to it small sample group, however these findings show promising outcomes in the reduction of 
painful skin nodules through dilution. 
Conclusions: These observations suggest that dilution of the apomorphine with normal saline may reduce nodules. 
Further case studies are required to support this observational study. The reduction in nodules may improve patient 
adherence and tolerability of this advanced therapy. 
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References: (1) Apomine Solution for infusion Approved Product Information 2017. (2) ND0701, A Novel 
Formulation of Apomorphine for Subcutaneous Infusion, in Comparison to a Commercial Apomorphine 
Formulation: 28-Day Pharmacokinetic Study in Minipigs and a Phase I Study in Healthy Volunteers to Assess the 
Safety, Tolerability, Pharmacokinetics and Relative Bioavailability Ramot, Y ; Nyska, A ; Adar, L ; Durlach, C ; 
Fishelovitch, D; Sacco, G ; Manno, R ; Oren, S ; Perlstein, Itay ; Yacobi-Zeevi, Oron CNS Drugs, 2018, Vol.32(5), 
pp.443-454 [Peer Reviewed Journal] (3) Panniculitis in association with apomorphine infusion Acland ; Churchyard 
; Fletcher ; Turner ; Lees ; Dowd British Journal of Dermatology, March 1998, Vol.138(3), pp.480-482 [Peer 
Reviewed Journal] (4) Fat necrosis and subcutaneous abscesses due to apomorphine García-Zamora E ; Elosua-
González M; Floristán-Muruzábal U, Medicina Clinica, 12 October 2018, Vol.151(7), pp.294-295 [Peer Reviewed 
Journal] (5)Cutaneous side effects of infused apomorphine: The patient and carer experience Poltawski L, Edwards 
E, Todd A, Watson T, James C A, Lees A, Published Online:27 Sep 
2013https://doi.org/10.12968/bjnn.2008.4.12.31962 (6)111 Multiple necrotic ulcers resulting from subcutaneous 
apomorphine infusion Ganesalingam, J ; Bain, P G Journal of Neurology, Neurosurgery and Psychiatry, Mar 2012, 
Vol.83(3), p.e1 

950 
Cognitive dysfunction in patients with Parkinson’s disease and psychosis 
A. Lenka, S. Hegde, S. Arumugham, R. Yadav, P. Pal (Washington, DC, USA) 
Objective: The objective of this study was to explore the pattern of cognitive dysfunction in the patient's with 
Parkinson's disease and psychosis (PD-P) by comparing the cognitive characteristics of PD-P with those without 
psychosis (PD-NP) and healthy controls (HC). 
Background: Psychosis is one of the debilitating non-motor symptoms of PD which commonly manifests through 
minor hallucinations (such as passage hallucinations, presence hallucinations, and illusions) and well-formed visual 
hallucinations. Several studies have suggested a strong association of cognitive impairment with psychosis in PD. In 
fact, cognitive impairment is considered as a risk factor for the emergence of psychosis in PD. 
Methods: This study recruited a total of 150 subjects (PD-P: 50, PD-NP: 50, HC: 50).  The three groups were 
matched for age, gender, and education. Assessment of the global cognitive function was done by the Montreal 
cognitive assessment scale (MoCA). A set of neuropsychological tests assessed several cognitive domains that 
include executive functions [frontal assessment battery (FAB) and Stroop test], attention (Color trail and digit span), 
visuo-spatial functions [Rey’s complex figure test (CFT), memory and learning [Rey’s auditory and verbal learning 
test (RAVLT)], language (animal naming test) of all the subjects. 
Results: The three groups were matched for age, gender, and years of education. HC had better performance in the 
tests assessing the global cognitive function (MMSE and MoCA) compared to both the patient groups. However, 
both PD-P and PD-NP had similar MoCA scores. In all the tests, PD-P group had poor performance compared to 
PD-NP; however, the differences were significant in FAB, RAVLT trial-5, RAVLT-total learning, RAVLT (IR and 
DR), and CFT (copy, immediate and delayed recall). 
Conclusions: Patient with PD-P have significantly poor cognitive function compared to PD-NP. The cognitive 
domains that were significantly affected in the PD-P were executive functions, memory and learning, and visuo-
spatial functions. Although this study reinforces the association of PD-P with cognitive impairment, additional 
longitudinal studies are warranted to understand the natural course of these two NMS and relationship. 
References: 1) Pattern of cognitive impairment in patients with Parkinson's disease and psychosis: A critical 
review.; Lenka A, Hegde S, Arumugham SS, Pal PKParkinsonism Relat Disord. 2017 Apr;37:11-18. doi: 
10.1016/j.parkreldis.2016.12.025. Epub 2016 Dec 29. 

951 
Genetics and phenotypes of recessive parkinsonism in French and North African populations 
S. Lesage, A. Lunati, M. Houot, S. Benromdhan, C. Tesson, F. Clot, C. Mhiri, E. Lohmann, J.C. Corvol, A. Brice 
(Paris, France) 
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Objective: To evaluate the mutation frequency in recessive genes and the associated phenotype in a large series of 
French and North African cases with Parkinson’s disease (PD). 
Background: Mutations in recessive (AR) PD account for about 13% of patients with onset <40. Results from the 
largest multi-center study of PD cases systematically sampled by age at onset (AO), family history and ethnic 
origins have not been reported. 
Methods: Clinical data from 510 AR PD and 1,098 isolated cases were collected. All the recessive genes were 
screened by Sanger and/or NGS target sequencing and gene dosage analysis. Clinical features wee compared 
between cases with no mutations (PD-NM; n=1,362) and those with PRKN mutations (PRKN-PD; n=241) using 
regression analyses adjusted for gender, age at onset, disease duration and levodopa medication. 
Results: Of the 1,608 PD index cases, 199 had PRKN mutations (12.4%) followed by PINK1 in 23 (1.8%) and DJ-1 
in two (0.2%). Overall, PRKN and PINK1 mutations were more frequent in EO than in late-onset (LO) PD and 
particularly in familial when compared to isolated cases. The prevalence of PRKN mutations in the whole 1,664 PD 
cases declined with AO from 39.3% in cases ≤20 years to 5.7% in those with AO 41-60 but no mutations were 
found above 60. PRKN mutations were more frequent in PD Caucasians (15.6%) than in North Africans (8.6%). In 
contrast, PINK1 mutations predominated in the North African group (6.8%). For genotype/phenotype correlations, 
in both unadjusted and adjusted models, PRKN cases had earlier age at onset (31.3±10.7 years vs 39.8±12.3 years, 
p<0.001) and longer disease duration (14.1±10.4 years vs 9.7±8.6 years, p<0.001) than PD-NM. PRKN-PD had 
more tremor than PD-NM (68.8% vs 59.7%, pc=0.03), less asymmetry (91.4% vs 96.7%, pc=0.008), akinesia 
(48.1% vs 61.9%, pc=0.001) and micrographia (21.1% vs 33.1%, pc=0.002). There was no difference in the rate of 
the 3 cardinal signs between groups. Lower UPDRS score was noted for PRKN-PD (mean score 15.8±11.9) than for 
NM-PD (mean score 19.4±13.8, pc=0.008), less dysautonomia rate (18.8% for PRKN-PD vs 54.7% for NM-PD, 
p<0.001) and less motor complications (dyskinesia: 54.8% vs 68.9%, p=0.002; motor fluctuations: 46.6% vs 73.2%, 
p<0.001). 
Conclusions: This is the first largest study that shows an increase likelihood of mutations in recessive genes in cases 
with lower AO, family history, ethnic origin and less severe clinical features. 

952 
Patients Experiencing Motor Fluctuations With Parkinson’s Disease (PD): Participant Characteristics in the 
Accordance Phase 3 Efficacy and Safety Trial of Accordion Pill™ Carbidopa/Levodopa 
P. LeWitt, R. Gendreau, J. Meckler, A. Hotovely-Salomon, N. Navon (West Bloomfield, MI, USA) 
Objective: To provide baseline and clinical characteristics for participants in the phase 3 Accordance study of the 
Accordion Pill™ (AP)—a gastric-retentive formulation of carbidopa/levodopa (CD/LD)—versus immediate-release 
(IR)-CD/LD (Sinemet®) in patients with PD experiencing motor fluctuations. 
Background: Many PD patients experience dose-by-dose motor fluctuations with substantial daily OFF time within 
a few years of starting LD treatment. AP-CD/LD is a novel gastric-retention pill with multilayer films containing 
IR-CD and both IR and controlled-release LD to provide more consistent drug delivery. 
Methods: The Accordance study (NCT02605434) is a randomized, double-blind, active-controlled study of AP-
CD/LD vs IR-CD/LD in PD patients experiencing motor fluctuations. Key inclusion criteria were daily LD intake of 
400 mg – 1300 mg and ≥2.5 hours home diary OFF time daily. Two unique, 6-week, open-label, dose-titration 
phases were included: dose stabilization and optimization of IR-CD/LD (active comparator, first 6 weeks), and 
conversion to AP-CD/LD (second 6 weeks). Participants were then randomized 1:1 to double-blind 13-week 
treatment with either IR-CD/LD or AP-CD/LD, with a 2-week follow-up. Primary endpoint was change from 
baseline in total daily OFF time (percent of waking hours). Key secondary endpoints included: daily OFF time (h); 
ON time without troublesome dyskinesia (h); Clinician and Patient Global Impression (CGI-I); and Unified 
Parkinson’s Disease Rating Scale (UPDRS) parts 2 and 3. Safety was assessed via adverse events and standard 
clinical and laboratory procedures. 
Results: A total of 320 participants were randomized; as of February 26, 2019, all but 11 had finished their 
participation. Most enrolled participants were men (65.6%); mean (SD) age was 63.4 (8.9) y. Mean (SD) PD 
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duration was 8.7 (4.2) y and reported mean (SD) daily OFF time was 6.2 (2.3) h <Table 1>. Top-line results are 
expected mid-2019. Each participant completing the double-blind study was eligible to enroll in a 12-month open-
label safety extension study with AP-CD/LD. 
Conclusions: This phase 3 randomized, double-blind study of AP-CD/LD vs IR-CD/LD has randomized 320 
fluctuating PD patients and seeks to determine if the improved PK profile of LD delivery offered by the AP yields 
improvements in OFF time as compared with IR-CD/LD. 

 

953 
Validation of the PREDIGT Score for the Incidence Rate of Parkinson disease 
J. Li, T. Mestre, J. Tomlinson, M. Frasier, E. Lang, B. Mollenhauer, T. Ramsay, D. Manuel, M. Schlossmacher 
(Ottawa, ON, Canada) 
Objective: To assess the discriminative power of the PREDIGT formula for incident Parkinson disease (PD). 
Background: The inability to predict the incidence rate of PD in neurologically healthy adults limits its prevention 
and future therapy. We recently designed an incidence prediction model founded on the concept that PD 
pathogenesis is multifactorial. We postulated 5 factors to determine cumulative incidence rates: DNA variants (D); 
Exposure to environmental factors (E); Gene–environment interactions that initiate pathological responses (I); 
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Gender (G); and Time (T) to encompass effects of ageing and latency of illness. The proposed formula for 
calculating the PD incidence rate (PR; %) in an individual is PR=(E+D+I)*G*T. 
Methods: We began to validate this mathematical model using enrollment data from two longitudinal, nested-
control cohorts: (1) the multicentre Parkinson’s Progression Marker Initiative (PPMI; PD subjects, n=492; 
neurologically healthy controls (HC), n=241); and (2) the single-centre De Novo Parkinson’s Study (DeNoPa; PD, 
n=159; HC, n=110). Known risk and protective factors were selected based on published meta-analyses and 
assigned positive and negative values, respectively. The PREDIGT formula was applied to each subject based on the 
aggregate score in each category (E,D,I,G,T). Score distribution in both groups (PD vs. HC) and receiver operating 
characteristic curves were plotted, and the area under the curve (AUC) was calculated to evaluate the PREDIGT 
model’s discriminative power. 
Results: Pooled results from the analyses of PPMI and DeNoPa data, based on variables recorded in both cohorts, 
achieved an AUC of 0.821 (sensitivity: 0.772; specificity: 0.737) to distinguish PD patients from HC. Individual 
analyses, using shared and cohort-specific variables that were available, generated an AUC of 0.845 (sensitivity: 
0.760; specificity: 0.780) for PPMI and an AUC of 0.782 (sensitivity: 0.873; specificity: 0.564) in DeNoPa. 
Conclusions: Our results suggest a promising, early validation of the original PREDIGT formula. Work is currently 
ongoing to interrogate additional cohorts (and new epidemiological data) to refine existing variables and their 
assigned values. We will also expand variables and calibrate them within the five risk categories. This, to test 
PREDIGT’s predictive power for incident PD. 

954 
CXCL12 is involved in α-synuclein-triggered neuroinflammation of Parkinson’s disease 
Y. Li, M. Niu, J. Liu (Shanghai, China) 
Objective: Activated microglia and increased cytokine levels could precede neurodegeneration in neuro-
inflammation in A53T mice, and CXCL12 was found increased in plasma CNS-derived exosomes, which was 
positively corelated with the concentration of α-synuclein. We hypothesized that CXCL12 could be a mediator in 
the α-synuclein induced inflammation. 
Background: The underlying pathogenesis of PD remains elusive, but current opinions and perspectives on the 
subject have focused on the inflammation process induced by microglia in Substantia Nigra (SN), contributing to α-
synuclein-mediated toxicity. 
Methods: Based on the establishment of appropriate animal and cell-culture models and the examination of clinical 
tissue specimens, we explored the relationship between α-synuclein and the target protein in α-synuclein transgenic 
mouse, BV2 cell line and primary microglia.Based on the establishment of appropriate animal and cell-culture 
models and the examination of clinical tissue specimens, we explored the relationship between α-synuclein and the 
target protein in α-synuclein transgenic mouse, BV2 cell line and primary microglia. 
Results: We confirmed the positive correlation between α-synuclein and CXCL12, of which PD patients presented 
an elevated level both in postmortem brain tissue (Figure 1a) and in SN of A53T mice brain tissue (Figure 1b). 
Furthermore, we found CXCR4 was upregulated in microglia in SN of A53T mice as well. Simultaneously, As 
expected, we found that α-synuclein could increase the production of CXCL12 both in primary microglia and BV-2 
cells (Figure 2). Furthermore, the mechanism study revealed that α-synuclein could induce the secretion of CXCL12 
via TLR4/IκB-α/NF-κB signaling in microglia cells (Figure 3). 
Conclusions: Our study suggested that CXCL12 could be a potential biomarker for accessorily diagnosing PD, 
which was also a novel possible target for the prevention of α-synuclein triggered microglial response. As for 
AMD3100, one inhibitor of CXCR4, has been approved by FDA for autologous transplantation in patients with non-
Hodgkin's lymphoma (NHL) and multiple myeloma (MM) due to its effect on neutrophil mobilization1, further 
studies are needed to explore its potential effect on the prevention of neuroinflammation in PD by inhibiting 
CXCR4. 
References: no 
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955 
STN-DBS programing for dyskinesia: a case report 
L. li, Y. Zhang (beijing, China) 
Objective: To investigate the effect of STN stimulation on different types of dyskinesia and programming strategy. 
Background: Long-term use of levodopa or dopamine agonists often leads to Levodopa-induced dyskinesia (LID), 
which is a frequent and important cause of disability in Parkinson’s disease (PD) and a major reason to recommend 
surgical treatment. Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is a very effective surgical 
procedure for PD, but its effect on dyskinesia remains controversial. 
Methods: A 60-year-old man with advanced PD who underwent bilateral STN-DBS surgery three years ago. He had 
levodopa-induced dyskinesia (LID) before surgery, and developed stimulation-induced dyskinesia (SID) after 
surgery. We gathered retrospective his DBS stimulation parameters and reviewed literatures, the programming 
strategy for different types of dyskinesia were analyzed. 
Results: By optimization of stimulation, there was a significantly improvement of his cardinal PD symptoms and 
kinds of dyskinesia. Off-phase dyskinesia disappeared best correlated with improvement in cardinal motor 
symptoms. The contacts which located at the dorsal margin or above STN showed the direct inhibition of peak-dose 
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dyskinesia. There were three electrode contacts which located within the sensorimotor region of STN could induce 
long-term SID, and the threshold for SID did not increase over 3 years, but the SID was managed by using a more 
dorsal contact, or adding dorsal contact in monopolar to stimulate the area above the STN simultaneously. 
Conclusions: STN-DBS stimulation alone could directly inhibit LID. However STN stimulation can also induce 
long-term SID. Different types of dyskinesia relate to different anatomical locations of STN region, we could use 
proper programming strategy to get balance between improvements of cardinal motor symptoms, suppression of 
LID and avoiding SID. 
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956 
Modulation of cerebellar and basal ganglia loops affects vestibular processing in Parkinson’s disease 
J. Liao, C. McIntyre, A. Shaikh (Cleveland, OH, USA) 
Objective: To investigate physiology of impaired balance control in Parkinson’s Disease and its modulation by deep 
brain stimulation 
Background: Postural instability leading to falls is the most common cause of morbidity and mortality in 
Parkinson’s Disease (PD). Vestibular signal is critical for multisensory integration necessary for postural control and 
maintenance of balance in PD. The cerebellum processes vestibular information and interacts with the basal ganglia 
network via the subthalamo-ponto-cerebellar and cerebello-thalamic projections. In the present study, volume of 
tissue activation (VTA) models specific for the deep brain stimulation (DBS) in a given patient were used along 
with a model of white matter tracts to define physiological underpinnings for impaired balance control. 
Methods: We have identified individuals with PD and subthalamic nucleus (STN) DBS who had an abnormal false 
percept of spinning (i.e. vertigo) along the horizontal plane. In these subjects we fused post-DBS surgery imaging 
with an atlas of deep white matter tracts derived from MR tractography. Using VTA models, we simulated percent 
of fiber activation in cerebello-thalamic, internal capsule, hyperdirect, medial lemniscus, lenticular fasciculus, ansa 
lenticularis, and subthalamopallidal tracts. 
Results: Perception of self-motion was reproduced when the active DBS location was closest to the dorsal STN. 
Such modulation consistently activated 90-100% of the cerebello-thalamic tract. In addition the effects of 
modulation of lenticular fasciculus and ansa lenticularis were variable ranging from null to >90%, as was the 
activation hyperdirect pathway (~53% to 100%). Note that the ansa lenticularis connects the subthalamus to the 
brainstem tegmentum, while the hyperdirect pathway directly modulates the subthalamus. 
Conclusions: These results reveal that vestibular modulation by STN DBS relies on two mechanisms, one is 
orthodromic stimulation of cerebello-thalamic fibers; the other mechanism is anterograde modulation of 
subthalamo-ponto-cerebellar projections (via direct stimulation of the subthalamus or via modulation of ansa 
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lenticularis). While suggesting the involvement of the cerebellum, these results suggest possible DBS targets to 
modulate balance function in PD. 

 

957 
Corneal confocal microscopy: An imaging biomarker of neurodegeneration in Parkinson’s disease 
S. Lim, M. Silverdale, I. Petropoulos, A. Kalteniece, R. Malik, C. Kobylecki, M. Ferdousi (Salford, United Kingdom) 
Objective: The aim of the study is to investigate whether corneal confocal microscopy (CCM) can be used as a 
rapid, reliable, automated and non-invasive method to monitor neurodegeneration in Parkinson’s disease (PD). 
Background: Developing improved biomarkers of neurodegeneration in PD is vital in order to speed up the testing 
of novel neuroprotective agents. There is a substantial body of evidence that peripheral small fibre nerve 
degeneration parallels the central neurodegenerative process in PD [1][2]. Quantifying small nerve fibre 
degeneration in PD therefore represents a novel biomarker opportunity. Our group has pioneered automated Corneal 
Confocal Microscopy (CCM) as a non-invasive and reproducible method to quantify small fibre nerve degeneration. 
We and others have previously used CCM to demonstrate small fibre nerve degeneration in PD vs controls [3][4]. 
Here we present initial data aiming to assess whether progression in CCM findings can be used as a longitudinal 
biomarker of central neurodegeneration in PD. 
Methods: CCM images were obtained from PD participants and controls at baseline. CCM images were repeated 
for PD participants 12 months later.Images were analyzed using automated nerve analysis software, ACCMetrics 
(University of Manchester, UK), to quantify corneal nerve fibre density (CNFD), corneal nerve branch density 
(CNBD) and corneal nerve fibre length (CNFL). Independent samples t-test was used to compare CCM parameters 
between PD participants and controls. Paired t-test was used to compare CCM parameters at baseline and follow up 
in PD participants. 
Results: There was a significant reduction in CNFD (mean difference: -4.286 no/mm2, p<0.05), CNBD (mean 
difference: -10.903 no/mm2, p<0.05) and CNFL (mean difference: -2.404 mm/mm2, p<0.05) in 77 PD patients 
(21F, 56M, mean age 64, mean MDS-UPDRS III:27)  compared to 27 controls (11F, 16M, mean age 62) at baseline. 
Over 12 months of follow up in 32 PD participants, there was a reduction in CNFD and CNFL (CNFD mean 
difference: -1.732 no/mm2, p<0.05; CNFL mean difference: -0.59mm/mm2, p<0.05) and no change in CNBD 
(mean difference: -1.181 no/mm2, p=0.265). 
Conclusions: This is the first longitudinal analysis of CCM nerve measures in patients with PD and the results 
suggest that CCM is a potential tool for monitoring neurodegeneration in PD. This cohort of participants (77 in total) 
will be followed up for 24 months. 
References: 1. Doppler, K. et al. Cutaneous neuropathy in Parkinson’s disease: A window into brain pathology. 
Acta Neuropathol. 128, 99–109 (2014). 2. Nolano, M. et al. Small fiber pathology parallels disease progression in 
Parkinson disease: a longitudinal study. Acta Neuropathol. 136, 501-503 (2018). 3. Kass-Iliyya, L. et al. Small fiber 
neuropathy in Parkinson’s disease: A clinical, pathological and corneal confocal microscopy study. Park. Relat. 
Disord. 21, 1454–1460 (2015). 4. Podgorny, P. J., Suchowersky, O., Romanchuk, K. G. & Feasby, T. E. Evidence 
for small fiber neuropathy in early Parkinson’s disease. Parkinsonism Relat. Disord. 28, 94–99 (2016). 

958 
Case-control study of risk developing parkinsonism in Alzheimer’s disease in relation to hypertension, 
dyslipidemia, and diabetes in Taiwan 
W. Lin, P.Y. Chiu (Changhua, Taiwan) 
Objective: To clarify the relationship between vascular risk factors and parkinsonism in Alzheimer’s disease 
Background: This case-control study investigated the associations of a history of hypertension, dyslipidemia, and 
diabetes mellitus with the risk of parkinsonism in Alzheimer’s disease with dementia in Taiwan. 
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Methods: A total of 1,243 Alzheimer’s disease patients were included in the study. Included were 250 cases, onset 
within 20 years of parkinsonism. Controls were 993 inpatients and outpatients with Alzheimer’s disease. All 
Alzheimer’s disease cases were diagnosed according to revised NIA-AA criteria. Data on the vascular risk factors 
and confounders were obtained from a self-administered questionnaire. The vascular risk factors were defined based 
on drug treatment and International Classification of Diseases (ICD) code. 
Results: The proportions of hypertension, dyslipidemia, and diabetes mellitus prior to the onset of parkinsonism 
were 21.2%, 43.6%, and 24.8%, respectively. Hypertension, dyslipidemia, and diabetes mellitus were significantly 
associated with an increased risk of parkinsonism: the adjusted ORs were 2.335 (95% CI: 1.75–3.115), 2.054 (95% 
CI: 1.433–2.945), and 1.913 (95% CI: 1.367–2.678), respectively. 
Conclusions: We found evidence of significant associations of hypertension, dyslipidemia, and diabetes mellitus 
with the risk of parkinsonism in Alzheimer’s disease in Taiwan. Further well-designed investigations of the 
association of vascular risk factors with the risk of parkinsonism in Alzheimer’s disease are needed. 

959 
Inhibitory Repetitive Transcranial Magnetic Stimulation of Pre-Supplementary Motor Area Improves 
Levodopa-Induced Dyskinesia in Parkinson’s Disease 
A. Lohse, D. Meder, D. Herz, A. Løkkegaard, H. Siebner (Copenhagen, Denmark) 
Objective: To prove the causal role of pre-supplementary motor area (preSMA) in levodopa-induced dyskinesia 
using an interventional brain stimulation approach that targets abnormal preSMA activity. 
Background: Levodopa-induced dyskinesia (LID) is a major complication of chronic dopamine replacement 
therapy. Our group has previously shown that pre-supplementary motor area (preSMA) is involved in the 
development of dyskinesia [1]. Using pharmaco-functional magnetic resonance imaging (p-fMRI), we showed that a 
single dosage of levodopa elicited abnormal activation of preSMA during “No-Go trials” in PD patients suffering 
from peak-of-dose LID compared with non-dyskinetic patients. Yet this finding is correlational in nature and does 
not prove causality which requires an interventional approach. 
Methods: Nineteen dyskinetic PD patients with peak-of-dose LID were included in the study. Two patients dropped 
out. While being OFF their usual dopamine replacement therapy, patients were stimulated over the preSMA for 30 
minutes with robot-guided, neuro-navigated 1 Hz repetitive transcranial magnetic stimulation (rTMS). Patients were 
subsequently administered 200 mg of fast-acting soluble levodopa. The patients were stimulated twice in a counter-
balanced cross-over-design with sessions spaced by a minimum of two weeks: one session with an effective 
stimulation (100 % resting motor threshold (rMT) of the first dorsal interosseous [FDI] muscle) and one control 
session (30 % of rMT in FDI). Hypotheses were pre-registered ahead of data collection. 
Results: A single priming session of effective rTMS over the preSMA increased the time from intake of levodopa to 
the onset of peak-of-dose LID compared with control rTMS (mean difference: 8 minutes, p = 0.019, Wilcoxon 
signed rank, one-tailed). Real-rTMS also lowered dyskinesia severity (mean difference = -2.6 points; p = 0.03, 
Wilcoxon signed rank, one-tailed). Larger improvements were associated with higher stimulation intensities both in 
terms of the transition time from OFF to dyskinetic ON (r = 0.70, p = 0.001) and severity (r= -0.44, p = 0.0695). 
Conclusions: Our experiment suggests that the increased preSMA sensitivity to levodopa seen in dyskinetic PD 
patients in previous studies promotes dyskinesia. 
References: 1. Herz, D. M. et al. The acute brain response to levodopa heralds dyskinesias in Parkinson disease. 
Annals of Neurology 75, 829–836 (2014). 

960 
Correlation Between PDQ-39 and MDS-UPDRS Scores in a Phase 3 Randomized Controlled Trial of Patients 
with Parkinson’s Disease 
T. Lokhandwala, A. Lee, B. Yue, A. Thach, B. Navia (Palm Harbor, FL, USA) 
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Objective: To describe correlations of the Movement Disorder Society Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS) part III scores with the 39-item Parkinson’s disease (PD) questionnaire (PDQ-39) total and 
activities of daily living (ADLs) domain scores, and MDS-UPDRS part II scores, in CTH-300 participants. 
Background: Long-term treatment of PD with levodopa is associated with “OFF” episodes that adversely impact 
patients’ quality of life (QoL). The PDQ-39, and the MDS-UPDRS were administered in a phase 3, randomized, 
placebo-controlled trial that demonstrated the efficacy and tolerability of apomorphine sublingual film (APL-
130277) for the acute treatment of OFF episodes in levodopa-responsive patients with PD (CTH-300; 
NCT02469090). MDS-UPDRS part III scores were used to evaluate efficacy, and their correlation with HRQoL and 
ADLs is of value. 
Methods: At screening visit 2 (SV2) and maintenance visit 4 (MV4) (92-135 days from SV2), patients completed 
the PDQ-39 (high score=poorer QoL) and MDS-UPDRS part II (motor experiences of daily living; high 
score=greater impairment); a clinician completed the MDS-UPDRS part III (motor impairment; high score=greater 
impairment). Mean PDQ-39 and MDS-UPDRS scores, and Pearson correlation coefficients were evaluated. 
Results: A total of 108 patients completed both scales at SV2, of which 80 contributed data at MV4. The mean (SD) 
age of the population was 62.7 (8.95) years, majority were male (62.4%), and White (92.7%). Mean (SD) time since 
diagnosis of PD = 9.0 (4.0) years, and mean (SD) time since motor fluctuations started = 4.6 (3.8) years. Mean (SD) 
PDQ-39 total score was 26.4 (15.0) and 24.1 (14.3) at SV2 and MV4, respectively. Mean scores for the 8 PDQ-39 
domains ranged from 8.0 (social support) to 42.0 (bodily discomfort). Mean (SD) MDS-UPDRS part III score was 
43.3 (13.8) and 40.1 (13.9) at SV2 and MV4, respectively. MDS-UPDRS part III scores showed significant 
correlation with PDQ-39 total scores, the PDQ-39 ADLs domain, and MDS-UPDRS part II scores at SV2 (Table 1). 
The results were consistent at MV4 (Table 2). 
Conclusions: MDS-UPDRS part III correlated well with PDQ-39 total. Further, part III correlated well with the 
concept of ADLs, as measured by PDQ-39 ADLs domain or MDS-UPDRS part II. These results suggest that motor 
function, as measured by MDS-UPDRS part III, is correlated with HRQoL and ADLs. 
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961 
High-throughput screening using a Drosophila model of Parkinson’s disease 
F.J. Lopez, C. Solana, E. Masia, M.J. Vicent, N. Paricio (Valencia, Spain) 
Objective: To identify potential therapeutic compounds for Parkinson’s disease (PD) treatment by combining a 
phenotype-based high-throughput screening assay in PD model flies with a validation system in SH-SY5Y human 
neuroblastoma cells. 
Background: PD is the most common motor disorder in the world. Although most of PD cases are sporadic, there 
are familial cases in which some genes are involved. One of them is DJ-1, which causes an early-onset PD. 
Interestingly, the DJ-1 protein has been reported to be highly oxidized, and probably inactivated, in sporadic cases. 
Therefore, results obtained in PD models based on DJ-1 inactivation might be useful for sporadic PD cases. 
Drosophila is a powerful tool to study neurodegenerative diseases. We previously showed that PD model flies 
mutant for the DJ-1ß gene (ortholog of human DJ-1) display motor defects, reduced life-span and high ROS levels. 
These phenotypes can be used in preclinical assays to test the efficacy of potentially therapeutic compounds. 
Methods: We have tested the efficacy of 1120 compounds included in the Prestwick chemical library (PCL) to 
suppress motor defects of PD model flies. DJ-1ß mutant larvae were treated with the compounds to a final 
concentration of 10 µM. Five days after eclosion, a climbing assay was performed to test the motor performance of 
model flies. Positive compounds were validated in DJ-1-deficient human neuroblastoma cells for their ability to 
reduce oxidative stress (OS)-induced lethality. After validation, dosage-dependent efficiency and mechanisms of 
action of hit compounds were studied in the cell model. 
Results: Among the drugs found to improve locomotor abilities in the Drosophila model during the primary 
screening, the ninety most effective compounds were tested for their efficacy to reduce OS-induced lethality in the 
human cell PD model. During this validation step, we found that five compounds were beneficial for DJ-1-deficient 
cells in a dose dependent manner. 
Conclusions: In this work, we have identified several compounds with therapeutic potential to treat PD. The PCL is 
a collection of drugs already approved by FDA, EMA and other agencies. Therefore, repurposing of candidate 
compounds is possible, since they already passed the preparatory and clinical trials. Besides, some of the compounds 
identified have been found to be beneficial in other PD models, which support the effectiveness of our study. 
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962 
Increased vesicular monoamine transporter alleviate MPTP-induced impairment of neurogenesis 
K. Ma, G. Zhang, C. Han, X. Guo, Y. Xia, F. Wan, L. Kou, S. Yin, L. Liu, N. Xiong, J. Huang, T. Wang (Wuhan, 
China) 
Objective: In this study, we employed vesicular monoamine transporter 2–overexpressing mice (VMAT2-HI) to 
investigate the influence of increased vesicular storage of catacholamines on 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced impairment of neurogenesis. 
Background: By sequestering DA into vesicle, VMAT2 maintains the low level of DA in neuronal cytosol and 
protects the neuron from damage [1-3]. Previous studies have shown that increased vesicular monoamine transporter 
2 protected against MPTP neurotoxicity [4]. Since MPTP-induced impairment of neurogenesis was referred in some 
studies and was related to nonmotor symptoms in the context of PD [5, 6], increased vesicular monoamine 
transporter may oppose MPTP-related neurodegeneration via enhanced ability of neurogenesis. 
Methods: 2- month-old VMAT2-HI and WT littermates were investigated in the study and injected MPTP or saline 
20mg/kg at 2-h intervals for four times within a single day. 24h after the last administration of MPTP, mice were 
treated with Brdu (50mg/Kg/day) for consequent five days. Mice were sacrificed at predetermined time points (7 
and 28 d) after the last injection of MPTP. For proliferation experiments, mice were sacrificed on day 7 and Brdu-
staining cells were counted. Meanwhile, TH expression in nigrostriatal system including substantia nigra, striatum 
were detected by westernblot and immunofluorescent staining. DA and its metabolites were analyzed via liquid 
chromatography with electrochemical detection. For the “survival” experiments, mice were sacrificed on day 28 and 
Brdu-labeled cells were detected. 
Results: VMAT2-HI mice show a significantly higher number of remaining TH+ neurons in the SNc compared to 
WT mice in response to MPTP (figure1 B). Administration of MPTP decreased expression of TH in the striatum of 
VMAT2-HI and WT mice, but more obvious in WT (figure1 A). TH immunohistochemistry staining confirmed the 
similar results (figure2). Analysis of HPLC results showed both the genotype exhibited an obvious decrease in DA 
content after exposure to MPTP and the amplitude was more prominent in VMAT2 WT mice compared to HI mice 
(figure3). Basal neurogenesis was identical between the two genotypes at the age of 2 months. MPTP-treated 
VMAT2 HI mice displayed more Brdu+ cell compared to MPTP-treated WT mice (figure4). 
Conclusions: Our data demonstrated that VMAT2-HI mice alleviate MPTP-induced impairment of neurogenesis. 
References: [1] Erickson J.D., Eiden L.E. Functional identification and molecular cloning of a human brain vesicle 
monoamine transporter [J]. Journal of neurochemistry, 1993, 61(issue):2314-2317. [2] Liu Y., Roghani A., Edwards 
R.H. Gene transfer of a reserpine-sensitive mechanism of resistance to N-methyl-4-phenylpyridinium [J]. Proc. Natl. 
Acad. Sci. U. S. A., 1992, 89(issue):9074-9078. [3] Erickson J.D., Eiden L.E., Hoffman B.J. Expression cloning of a 
reserpine-sensitive vesicular monoamine transporter [J]. Proc. Natl. Acad. Sci. U. S. A., 1992, 89(issue):10993-
10997. [4] Lohr K.M., Bernstein A.I., Stout K.A., et al. Increased vesicular monoamine transporter enhances 
dopamine release and opposes Parkinson disease-related neurodegeneration in vivo [J]. Proc. Natl. Acad. Sci. U. S. 
A., 2014, 111(issue):9977-9982. doi:10.1073/pnas.1402134111. [5] He X.J., Nakayama H. Transiently impaired 
neurogenesis in MPTP mouse model of Parkinson's disease [J]. Neurotoxicology, 2015, 50(issue):46-55. 
doi:10.1016/j.neuro.2015.07.007. [6] Zhang T., Hong J., Di T., et al. MPTP Impairs Dopamine D1 Receptor-
Mediated Survival of Newborn Neurons in Ventral Hippocampus to Cause Depressive-Like Behaviors in Adult 
Mice [J]. Frontiers in molecular neuroscience, 2016, 9(issue):101. doi:10.3389/fnmol.2016.00101. 
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963 
Fall History and Gait Variability can Predict Falls in Individuals With Parkinson’s Disease 
L. Ma, P. Chan (Beijing, China) 
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Objective: To understand the risk factors for falls in PD patients; 
To explore clinical indicators and Mobility Lab parameters that can predict falls in patients with PD. 
To evaluate the predictive accuracy of the parameters. 
Background: Falls could seriously affect the quality of life of the Parkinson's disease (PD) patients and clinicians 
should focus more on how to detect patients with high fall risk as early as possible. 
Gait disturbance is known one risk factor of the fall of PD patients. With the newly developed sensor technology, 
more accurate and objective evaluation equipments for gait have been developed, such as Mobility Lab, which uses 
wireless sensors and receiver to capture multiple parameters for data analysis. 
This is a preliminary prospective study aimed to use Mobility Lab to evaluate the gait and predict fall in patients 
with PD. In combination of other clinical information, we hope to find more parameters that can predict falls. 
Methods: We enrolled 51 PD patients and collected their clinic information, then evaluated the gait. During 6 
months of follow-up, the falls’ information was collected. A single factor analysis was used to find the risk factors 
and parameters related to the fall of PD patients, and the accuracy of parameters to predict falls was evaluated by 
Receiver Operating Characteristic curve. 
Results: 1) This study has found that long disease duration and higher Hoehn & Yahr(H-Y) stage, freezing of 
gait(FOG) and postural instability and high MDS-UPDRS II score were risk factors for falls.2) The predictive 
accuracy of fall history is high with the Area Under Curve (AUC) of 0.955.3) Coefficient of variation of Cadence, 
Gait Cycle Time, Swing, Stance, range of motion (RoM) Shank, RoM Trunk Sagittal can predict falls of PD 
patients, with the AUC of 0.6990.695, 0.708, 0.732, 0.736, 0.604 respectively. 
Conclusions: 1) Disease duration, H-Y stage, freezing of gait, postural instability, MDS-UPDRS II score and fall 
history are related to the fall incidence of PD patients;2) Fall history is still the strongest predictor of falls for PD 
patients;3) Gait variability is a risk factor for falls in Parkinson's disease and needs further investigation. 

964 
Investigating Physical and Cognitive Changes over Two Years in Patients with Moderate to Late Stage 
Parkinson's Disease in Northumbria 
L. Macdonald, I. Sayers, S. Dempsey, W. Gray, A. Hand, R. Walker (North Shields, United Kingdom) 
Objective: Investigate changes in timed up and go (TUG), grip strength, MoCA and MMSE scores and explore 
which areas of cognition are most commonly affected. 
Background: Parkinson’s disease (PD) patients face both motor and non-motor symptoms, with non-motor shown 
to have a greater impact on quality of life[1]. Studies suggest that the Montreal Cognitive Assessment (MoCA) is 
more sensitive than the Mini Mental State Exam (MMSE) for detecting cognitive decline in PD[2]. There is less 
evidence for which areas of cognition are most often affected. Grip strength has been shown to be a better predictor 
of decline in function compared to gait and balance[3]. 
Methods: The Northumbria Care Needs Project is a longitudinal study investigating the care requirements of Hoehn 
and Yahr score III-V PD patients. Only patients with complete baseline and follow-up data were included.  We 
assessed changes in TUG, grip strength, MoCA and MMSE scores, and explored which areas of cognition were 
most commonly affected. This was over a two-year follow up period, between November 2016 and January 2018. 
TUG was defined as normal (≤10 seconds), good (≤20 seconds) or problematic (>20 seconds). Decline in grip 
strength was compared against patient’s MDS-UPDRS scores for hand movements. 
Results: Of the 162 patients enrolled 99 completed two-year follow up. There were 64 patients completing cognitive 
assessment. The mean percentage decrease in total scores was 10% in the MMSE and 39% in the MoCA. Using the 
MoCA, 50% of patients showed decreased scores in the visuospatial/executive and delayed recall sections, whilst 
only 9% showed decreasing scores in the naming section. Grip strength was assessed in 55 patients, with an overall 
mean decline in grip strength. However, very few showed a decline in hand movement (question 3.5 on the MDS-
UPDRS rating scale) (11% right hand, 7% left hand), with the majority improving (47% right hand, 65% left 
hand).  For the 99 patients in whom TUG was assessed, 33% decreased, 15% improved and 52% showed no change 
(57% of this group were rated as being “problematic” at baseline). 
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Conclusions: Cognitive decline is more apparent on testing with the MoCA than the MMSE. Visuospatial/executive 
function and delayed recall are most, and naming difficulty least, commonly affected.  There was no link between 
decline in grip strength and assessment of hand movements by MDS-UPDRS scale. 
References: 1. Martinez-Martin P, Rodriguez-Blazquez C, Kurtis MM, Chaudhuri KR. The impact of non-motor 
symptoms on health-related quality of life of patients with Parkinson’s disease. Movement Disorders. 
2011;26(3):399–406. 2. Nazem S, Siderowf AD, et al. Montreal Cognitive Assessment Performance in Patients with 
Parkinsons Disease with ”Normal” Global Cognition According to Mini-Mental State Examination Score. Journal of 
the American Geriatrics Society. 2009; 57(2):304–8. 3. Jones GR, Roland KP, Neubauer NA, Jakobi JM. Handgrip 
Strength related to Long-Term Electromyography: Application for Assessing Functional Decline in Parkinson’s 
Disease. Archives of Physical Medicine and Rehabilitation 2017;98(2):347-352 

965 
Influence of peripheral immune system on cognitive profile in Parkinson’s disease 
L. Magistrelli, E. Storelli, V. Milner, E. Rasini, F. Marino, M. Cosentino, C. Comi (Varese, Italy) 
Objective: To investigate the influence of the peripheral immune profile in the development of cognitive 
impairment in PD. 
Background: Dementia is frequent in advanced Parkinson’s disease (PD), while mild cognitive deficits may be 
present even in early to intermediate disease stages. Peripheral immunity plays a role in neurodegeneration but its 
influence on the development of cognitive decline in PD is still unknown 
Methods: Fifty PD patients (30 males; mean age at onset 68.9±8.3; mean disease duration 4.6±3.5.) were 
recruited.  All patients underwent a cognitive evaluation with MMSE and Addenbrooke’s cognitive examination 
(ACE-R). Mean MMSE score was 26.7±2.0; mean ACE-R was 85.6±8.7. The complete peripheral immune 
phenotype (CD4+ lymphocytes sub-populations Th1 and Th2) was examined with flow cytometry and data were 
retrospectively taken from a previously created database. 
Results: Patients were divided in 3 groups depending on the ACE-R score (group 1:≥90; group 2:89-80; group 
3:<80).  We found that age at onset was significantly higher in patients with higher compared to lower ACE-R 
scores. Conversely, disease duration was similar among the 3 groups. Total number (x106/L) of Th1 lymphocytes 
increased (group 1:96.8±79.2; group 2:101.9±52.2; group 3:107.9±59.1) and Th2 decreased (group 1:65±53.5; 
group 2:62.78±63; group 3:49.6±20.9) progressively from group 1 to group 3. 
Accordingly, expression of GATA3, normally involved in Th2 differentiation, by lymphocytes showed a postive 
correlation with cogntive decline (p=0.04).  
Conclusions: Higher age at onset is the main risk factor for dementia in PD. Patients with a worse ACE-R score 
showed a predominantly pro-inflammatory peripheral immune phenotype. Immune system may indeed represent a 
contributing factor in the development of dementia in PD. 

966 
The effects of obstacle size and timing on prefrontal cortex activation in patients with Parkinson's disease 
I. Maidan, T. Sharon, I. Kurz, H. Bernad-Elazari, S. Shustak, I. Galperin, N. Giladi, A. Mirelman, J. Hausdorff (Tel 
aviv, Israel) 
Objective: To evaluate the effects of obstacle height and anticipation time on prefrontal cortex (PFC) activation in 
patients with Parkinson's disease (PD) and older adults. 
Background: Tripping over an obstacle is one of the most common causes of falls among patients with PD. Recent 
studies suggest that PFC plays an important role during usual walking and obstacle negotiation in PD patients. 
However, the effects of obstacle type on PFC have not been systematically evaluated. 
Methods: 26 older adults (age:71.3±8.9 years; 11 women) and 34 patients with PD (age:67.4±5.7 years; 14 women, 
disease duration:5.8±4.5 years) walked in an obstacle course while negotiating anticipated and unanticipated 
obstacles at heights of 50mm and 100mm. PFC activation was measured using a functional near-infrared 
spectroscopy (fNIRS) system while Kinect cameras evaluated performance. PFC activation was defined based on 
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mean HbO2 at 3 seconds before, during, and after obstacle. Changes between types of obstacles and groups were 
assessed using linear-mixed models. Pearson correlations evaluated the relationship between PFC and performance. 
Results: Compared to quiet standing, PFC activation increased before, during (further) and after (to the highest 
level) obstacle negotiation (p<0.001). PFC activation was higher in patients than in older adults in both anticipated 
and unanticipated obstacles (p=0.007). There was a significant group X time (before/during/after) interaction effect 
and a significant group X condition (anticipated/unanticipated) interaction effect, with larger effects seen in the 
patients.  Increased PFC activation during anticipated obstacles was correlated with greater distance of the leading 
foot after the obstacles only in patients (r=0.409, p=0.020). 
Conclusions: These findings provide direct evidence of the role of the PFC during obstacle negotiation in PD 
patients. The higher activation in PD patients during both anticipated and unanticipated obstacles may indicate that 
the prefrontal response is not specific and does not necessarily relate to the time course of motor planning. However, 
the correlation with foot clearance points to the effectiveness of this compensatory mechanism. With PD, a larger 
increase in HbO2 during complex situations may further limit activation, providing a potential explanation of the 
high risk of falls in PD. 

967 
Acute parkinsonism following an obstructive hydrocephalus and a ventriculoperitoneal shunt revision: a case 
report 
J. Majuri, H.R. Maanpää, A. Kotkansalo, J. Korpela, J. Joutsa (Lahti, Finland) 
Objective: To describe a case of acute parkinsonism following an obstructive hydrocephalus and 
ventriculoperitoneal (VP) shunt revision. 
Background: Acute parkinsonism is a rare complication of obstructive hydrocephalus and rapid changes in 
intracranial pressure (ICP) (1). It has been suggested that hydrocephalus may cause shear, torsion or ischemia, or 
negative infra-supratentorial pressure gradient may damage the nigrostriatal neurons (2). We describe a patient who 
developed acute levodopa-responsive parkinsonism following a shunt revision with repeated structural 
neuroimaging. 
Methods: Case report. 
Results: Our patient is a 22-year-old male who was diagnosed with obstructive hydrocephalus caused by a tectal 
glioma at the age of 10. VP shunt was placed at the time of diagnosis. After years of uncomplicated treatment, he 
presented at the emergency room because of decreased consciousness due to shunt malfunction and acute 
obstructive hydrocephalus. Immediate external CSF drainage and shunt revision provided a good response. 
However, due to shunt malfunctions and infection, he was operated three more times (external ventricular drain, 
shunt revision). The patient was scanned repeatedly either with CT or MRI that showed ventricle size ranging from 
severe hydrocephalus to slit ventricles. Four days after the last shunt revision, the patient developed severe 
hypomimia, bradykinesia and rigidity in all extremities together with bradyphasia, bradyphagia and sialorrhea. 
Repetitive finger movements had low amplitude with arrests. Pharmacological treatment with 100/25 mg 
levodopa/carbidopa and 1 mg lorazepam three times per day each provided a good clinical response. Parkinsonism 
resolved during the next weeks and medications were discontinued without deterioration of the symptoms. Control 
brain MRI was unremarkable. 
Conclusions: Our patient showed an acute onset of parkinsonism after ICP fluctuations associated with obstructive 
hydrocephalus and multiple surgical operations. Poor brain compliance due to shunt dependency and chronic CSF 
over drainage could make periventricular brain tissue more prone to damage after changes in ICP and ventricular 
size. These patients often benefit from levodopa and the prognosis of parkinsonism is good if there is no permanent 
damage to the nigrostriatal tract (3). 
References: (1) Zeidler et al. J Neurol Neurosurg Psychiatry 1998;64:657–659 (2) Kinugava et al. Movements 
Disorders 2009;24:2438–2440 (3) Kim et al. Movement Disorders 2006;21:1279–1281 
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968 
Repetitive transcranial magnetic stimulation can improve anxiety in Parkinson’s disease: a randomized, 
double-blind and controlled trial 
A. Makkos-Weisz, N. Kovács, P. Endre, M. Kovács, D. Pintér (Pécs, Hungary) 
Objective: High frequrncy (HF) repetitive transcranial magnetic stimulation (rTMS) improve anxiety in Parkinson’s 
Disease (PD). 
Background: The high frequency repetitive transcranial magnetic stimulation above the left dorsolateral prefrontal 
cortex (DLPFC) improve depression in Parkinson’s Disease. For anxiety we have no many datas about the eficiency. 
Methods: 30 people with PD randomly devided into two groups, an active (n=15), and a shame (n=15) group. We 
used HF rTMS treatment for 10 days above the left DLPFC. An examiner (who do not know the type of the 
treatment) made 3 video records: before the stimulation (baseline, 1st day), after the 10 days session end (short term 
effect, 11th day), and after 30 days (long term effect, 41st day). To measure the severity of the anxiety we used 
Hamilton Anxiety Scale (HAM-A). 
Results: 2 patients did not finish the protocol (one of the active, one of the shame treated group), their datas were 
excluded from the evaluation. At the actively-treated group the points improves 14.9 +/-4.8 to 8.3+/-5.2 (p=0.039), 
while the shame treated group there was no change (14.5 +/-4.8 to 14.1+/-5.2; p=0.879). 
Conclusions: Our results shows that the HF rTMS at left DLPFC improve anxiety in PD. 
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969 
High intensity interval training elevates circulating BDNF and miRNAs level in patients with idiopathic 
Parkinson’s disease 
P. Malczynska, B. Kaminski, M. Siemiatycka, A. Pawłowska, I. Przybylska, J. Langfort, J. Marusiak, M. 
Chalimoniuk (Warsaw, Poland) 
Objective: To investigate if twelve weeks of high intensity interval training (HIIT) can enhance serum  BDNF and 
miRNAs levels in patients with Parkinson’s disease (PD). 
Background: BDNF plays several important physiological functions including neurons proliferation, growth and 
plasticity as well as protects  neurons against degeneration. Serum BDNF levels have been shown to be lower in 
patients with idiopathic PD (iPD) in comparison to aged-matched healthy individuals. Numerous studies have shown 
that in response to aerobic training serum BDNF level increases in healthy subjects.  Recent studies also shows that 
training of moderate intensity elevates serum BDNF level of iPD patients with simultaneously decreased UPDRS III 
scale [1]. Moreover, studies  performed with both sedentary subjects and athletes show better effectiveness of HIIT 
training as compare to aerobic training of moderate intensity. 
Methods: 32 patients with diagnosed iPD volunteered to participate in this study: 16 underwent 12 weeks HIIT and 
16 age-matched served as a control group. The concentration of BDNF was determined by ELISA. Expression of 
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miRNA in the serum was determined by real-time qPCR using specific primers TaqMan miRNA assay. WHOQOL-
BREF survey was used for assessment the quality of life. Assessment of the improvement of neuroplasticity was 
determined by Purdue Pegboard Test. Patients examination and blood collection took place before and after the 12 
weeks of HIIT from the all participants and one week after the training completion. 
Results: Our results show that 12 weeks HIIT increases BDNF level and stimulates expression of miRNAs involved 
in BDNF expression. Quality of life and neuroplasticity increased after the completion of the HIIT training process 
and is correlated with decreased H&Y scale. 
Conclusions: Twelve weeks HIIT training may elevates serum BDNF level in iPD patients, 
improves neuroplasticity and slows down the disease progression which correlates with their improvement of life 
quality. 
References: [1] Zoladz JA, Majerczak J, Zeligowska E, Mencel J, Jaskolski A, Jaskolska A, Marusiak J. Moderate-
intensity interval training increases serum brain-derived neurotrophic factor level and decreases inflammation in 
Parkinson's disease patients. J Physiol Pharmacol. 2014 Jun;65(3):441-8. 

970 
K0706, A Potent Orally Bioavailable Brain-Penetrating Selective Inhibitor of cABL Protein Tyrosine Kinase, 
Exhibits Neuroprotective Activity in Preclinical Models of Parkinson’s Disease 
S. Mandhane, D. Soni, K. Jani, P. Sengupta, A. Patel, R. Bambal, V. Ramanathan, Y. Zala, N. Dharmadhikari, C. 
Rao, A. Raghavan, N. Damle (Vadodara, India) 
Objective: Preclinical assessment of K0706, a potent c-Abl inhibitor, as a neuroprotective disease modifying agent 
for the treatment of Parkinson’s disease (PD) related neurodegeneration using various in vitro and in vivo models, 
and brain pharmacokinetics. 
Background: C-Abelson (cAbl) is a non-receptor protein tyrosine kinase, broadly expressed in various tissues 
including cells within the CNS. cABL is activated in response to a multitude of biochemical insults and has been 
shown to contribute to neuronal death underlying various neurodegenerative conditions including PD. Hence, 
inhibition of cABL may be therapeutically beneficial in preventing or slowing down neurodegeneration underlying 
PD. 
Methods: In vitro potency and selectivity of K0706 against a panel of protein kinases was assessed. Modulation of 
parkin activity, autophagic flux and α-synuclein (αSYN) metabolism were studied in different cell lines including 
human iPSC-derived neurons. In vivo, brain, plasma and CSF pharmacokinetic assessments of K0706 were done in 
rodents and non-human primates (NHP).  K0706 was also evaluated in rodent models of MPTP-mediated or alpha 
synuclein-mediated dopaminergic neurodegeneration. In C57BL/6J mice, neurodegeneration was induced by intra-
peritoneal administration of MPTP. In SD rats, the disease state was induced by administration of AAV1/2 encoding 
human A53T αSYN into the substantia nigra. 
Results: K0706 inhibited preferentially, with a sub-nanomolar potency, protein kinase activity of both cABL (ABL-
1) and cARG (ABL-2). In iPSC-derived neurons, K0706 increased autophagic flux without influencing E3 ligase 
activity of parkin, or the overall metabolism of αSYN. K0706 exhibited an appreciable blood–brain barrier 
penetration with a good Kp,brain and Kp,CSF in mice, rats and NHPs.  In C57BL/6J mice, K0706 rescued TH 
positive neurons against MPTP insult. In rat model of AAV1/2-A53T αSYN pathology, K0706 showed protection of 
nigral and striatal TH. 
Conclusions: K0706 is a potent and selective brain penetrant c-Abl inhibitor with disease modifying capability. 
K0706 showed promising disease modifying activity in animal models of dopaminergic neurodegeneration and 
synucleinopathy. 
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971 
Machine learning classifiers and subjective vocal perception of Parkinson's disease patients and healthy 
control 
Y. Manor, S. Naor, D. Shpunt, N. Diamant, A. Hillel, A. Ezra, I. Opher, Y. Hauptman, R. Aloni-Lavi, A. Faust-
Socher, H. Shabtai, R. Peled, A. Migirov, T. Gurevich (Tel Aviv, Israel) 
Objective: To identify machine learning classifiers and to assess the acoustic differences between PD patients and 
healthy control (HC) and the relations between objective and subjective vocal parameters. 
Background: Vocal characteristics associated with Parkinson’s disease (PD) are part of hypokinetic dysarthria and 
can be acoustically analyzed. Voice analysis is being used to diagnose the presence and progression of different 
diseases, including PD. 
Methods: The study included 104 PD patients (30 Females)  and 82 HC (47 Females). All participants underwent 
the Montreal Cognitive Assessment (MoCA), Voice Handicap Index (VHI), Beck Depression Inventory (BDI). PD 
patients underwent the PD quality of life questionnaire (PDQ8), Hoehn & Yahr scale (H&Y). All participants' voice 
quality was assessed using the Grade, Roughness, Breathiness, Asthenia & strain (GRBAS) score. 
All participants were recorded while performing speech tasks including set of vowel sounds, counting up section, a 
phonetically balanced text to be read aloud, picture description and a short spontaneous speech section.  Acoustic 
analysis including pitch and Root Mean Score (RMS) was performed. A large set of dynamic and static acoustic 
features were developed in order to train several machine learning classifiers to measure their performance in 
detecting PD from speech. 
Results: Mean age of PD/HC 67.26±10.26/59.09±9.47 respectively. 
Mean H&Y 2.5±0.81; Disease duration 9.17±6.29 and PDQ8 10.58±6.32; MoCA, VHI, BDI and GRBAS mean 
score of PD/HC 22.39±4.90/26.54±2.63; 36.27±30.30/4.48±6.51; 3.79±4.19/0.91±1.40; 0.80±0.94/0.15±0.36 
(p<0.001) respectively. Significant difference was noted in RMS MAX between PD patients 14.61±29.04 and HC 
5.07±0.96. In the HC group a positive correlation was noted between pitch (1.06±0.13) and GRBAS (0±0; p<0.05) 
during reading. Using  special feature classifiers, ~70% correct classification using single feature on \MPT\ task, and 
~80% using combination of features were achieved. Classification accuracy for GRBAS among PD patients was 
80%. 
Conclusions: The combination of acoustic analysis and subjective vocal assessment can differentiate healthy voice 
from dysarthric voice of PD. Machine learning may be useful in the early detection of PD. 

972 
Utility of Eye Movement Abnormalities in Differentiating Neurodegenerative versus non-Neurodegenerative 
Parkinsonism 
A. Margolius, D. Hengartner, O. Hogue, X. Garcia, S. Patel, A. Ahmed, H. Fernandez, X.X. Yu (Cleveland, OH, 
USA) 
Objective: To evaluate eye movement abnormalities in patients with neurodegenerative versus non-
neurodegenerative parkinsonism. 
Background: Clinical distinction between neurodegenerative and non-neurodegenerative parkinsonism can be 
difficult[1]. Eye movement abnormalities are frequent in patients with Parkinson disease[2]. However, it is unclear 
if eye movement abnormalities on physical examination are clinically useful in distinguishing neurodegenerative 
versus non-neurodegenerative causes of parkinsonism. 
Methods: This is a prospective, single-center, rater-blinded, case control study. Patients with neurodegenerative 
parkinsonism having at least grade 2 dopaminergic loss on Dopamine Transporter (DaT) scan and patients with non-
neurodegenerative parkinsonism confirmed clinically by a movement disorder specialist and by a normal DaT scan 
were recruited at Cleveland Clinic. Eye movement examination was recorded and shown to two blinded movement 
disorder specialists to assess pursuit, saccades, presence of gaze limitation, nystagus, and square-wave jerks. Rater-
agreed observations were included in further analyses. Sensitivity, specificity, positive predictive value, negative 
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predictive value, and total accuracy were calculated for the presence of each eye movement abnormality against the 
DaTscan as the gold standard diagnostic tool. 
Results: 99 subjects were included in the study, 50 of whom had abnormal DaT scan. Among subjects where there 
was inter-rater agreement, the prevalence of pursuit abnormalities and saccadic abnormalities was 43.7% and 46.4%, 
respectively. The interrater agreement was found to be moderate for pursuit abnormalities (κ=0.45, 71 subjects), and 
slight to moderate for saccadic abnormalities (κ=0.40, 69 subjects). For pursuit abnormalities, sensitivity for 
detecting neurodegenerative parkinsonism was 47.1% and specificity was 59.5%. For saccadic abnormalities, 
sensitivity was 51.4% and specificity was 58.8%. Nystagmus, square wave jerks, and gaze limitation all had 
relatively low prevalence in our study population. 
Conclusions: Abnormalities in pursuit and saccades are likely not useful in distinguishing neurodegenerative versus 
non-neurodegenerative parkinsonism. The prevalence of nystagmus, square wave jerks, and gaze limitation was too 
low in our study population to draw any conclusions regarding these clinical signs. 
References: [1] C. Scherfler, J. Schwarz, A. Antonini, D. Grosset, F. Valldeoriola, K. Marek, W. Oertel, E. Tolosa, 
A.J. Lees, W. Poewe, Role of DAT-SPECT in the diagnostic work up of Parkinsonism, Mov. Disord. (2007) 1229–
1238. doi:10.1002/mds.21505. [2] E.H. Pinkhardt, J. Kassubek, Ocular motor abnormalities in Parkinsonian 
syndromes, Park. Relat. Disord. (2011) 223–230. doi:10.1016/j.parkreldis.2010.08.004. 

973 
Automated Metabolic Pattern Analysis in the Differential Diagnosis of Parkinsonism in a Swedish Cohort 
I. Markaki, C. Tang, M. Lilja Lindström, D. Eidelberg, P. Svenningsson, I. Savitcheva (Stockholm, Sweden) 
Objective: To assess the accuracy of an automated, disease-specific, pattern model to distinguish among PD, MSA 
and PSP, in comparison with the final clinical diagnosis. 
Background: Parkinsonian disorders may be challenging to differentiate, especially early in the disease course. 
Spatial covariance analysis has previously been applied onFDG-PET to identify and measure disease-specific 
metabolic patterns associated with PD (1) and atypical parkinsonian syndromes including MSA and PSP (2). Based 
on these pattern scores, a two-level, automated algorithm has been developed and evaluated for the classification of 
individuals with PD, MSA and PSP, showing very high specificity (3). No studies have yet attempted to apply this 
algorithm on further patient-cohorts. 
Methods: In this pilot study, 24 patients with parkinsonism, enrolled in a hospital-based, prospective cohort, that 
had performed FDG-PET scans in diagnostic purpose were included. Pattern expression values (i.e. subject scores) 
of different disease-related metabolic networks were computed for all 24 patients. Finally, an automated differential 
diagnosis of PD, MSA and PSP was performed for each patient, using their pattern scores and the previously 
published and validated algorithms (3, 4). The automated diagnoses were compared to the clinical diagnoses 
according to previously validated cut-off probabilities. 
Results: 16/19 PD patients, 3/3 MSA and 2/2 PSP patients were accurately classified. Thus, the automated 
algorithm provided 84% sensitivity and 89% specificity for PD, and 100% sensitivity and specificity for MSA and 
PSP. The positive predicted values were 94% for PD, and 100% for MSA and PSP, whereas the negative predictive 
values were 74% and 100% respectively. 
Conclusions: Our study provides further evidence that disease-specific, voxel-based, FDG-PET metabolic patterns 
can be used in automated classification algorithms to improve differential diagnosis of parkinsonian syndromes. 
Accurate diagnosis, early in the disease course may have significant impact on treatment-plan decisions, and also on 
patient-selection for clinical trials. Further investigation of a larger sample from the Stockholm-cohort is ongoing. It 
will also be important to increase the number of cases where the clinical diagnosis is pathologically confirmed. 
References: 1. Ma Y, Tang C, Spetsieris PG, Dhawan V, Eidelberg D. Abnormal metabolic network activity in 
parkinson's disease: Test-retest reproducibility. J Cereb Blood Flow Metab. 2007;27:597-605 2. Eckert T, Tang C, 
Ma Y, Brown N, Lin T, Frucht S, et al. Abnormal metabolic networks in atypical parkinsonism. Mov Disord. 
2008;23:727-733 3. Tang CC, Poston KL, Eckert T, Feigin A, Frucht S, Gudesblatt M, et al. Differential diagnosis 
of parkinsonism: A metabolic imaging study using pattern analysis. Lancet neurology. 2010;9:149-158 4. Tripathi 
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M, Tang CC, Feigin A, De Lucia I, Nazem A, Dhawan V, et al. Automated differential diagnosis of early 
parkinsonism using metabolic brain networks: A validation study. J Nucl Med. 2016;57:60-66 

974 
Sensitivity of magnetic resonance imaging findings in the diagnosis of progressive supranuclear palsy 
L. Marques, V. Silva, J. Araújo, S. Varanda, G. Carneiro, M. Rodrigues (Braga, Portugal) 
Objective: To compare the diagnostic sensitivity of hummingbird and morning glory signs with that of the midbrain 
area and the midbrain to pons area ratio.To compare the diagnostic sensitivity of hummingbird and morning glory 
signs with that of the midbrain area and the midbrain to pons area ratio. 
Background: In recent years, signs and imaging criteria have been proposed to aid in the diagnosis of progressive 
supranuclear palsy (PSP), namely the hummingbird sign, the morning glory sign, the midbrain area and the midbrain 
to pons area ratio; the latter two, being quantitative and more laborious, are not always calculated and may result in 
a decrease in the diagnostic sensitivity of MRI in patients with PSP. 
Methods: Retrospective analysis of a group of patients diagnosed with PSP by a neurologist between January 2010 
to December 2018; MRI analisys of the hummingbird signal, morning glory, calculation of the midbrain area and the 
midbrain to pons area ratio was performed by an experienced observer. Normative values based on the work of 
Stefano Zanigni et al., 2016. 
Results: Twenty patients with a diagnosis of probable, possible or suggestive of PSP, with MRI available for 
analysis, were identified: 12 women, mean age of 74 years, mean age of onset of symptoms at 69 years; mean time 
of 3.6 years from the first symptom to MRI. The sign of morning glory was present in 2 patients, the hummingbird 
signal in 9 patients, midbrain area below 102.5 cm2 in 10 patients, and midbrain to pons area ratio below 0.21 in 11 
patients. 
Conclusions: Decreased midbrain area and midbrain to pons area ratio were more frequently found than 
hummingbird and morning glory signs; althought the limitations of the small sample, we suggest that they be 
included in the neuroradiological protocols of patients with suspected PSP. 
References: Stefano Zanigni et al. Accuracy of MR markers for differentiating Progressive Supranuclear Palsy from 
Parkinson's disease. Neuroimage Clinical, 2016 May 30;11:736-742. 

975 
Tau and amyloid-beta inclusions are present in pancreatic beta-cells of patients with synucleinopathies 
I. Martinez-Valbuena, R. Valenti-Azcarate, J. Sanchez, I. Marcilla Garcia, I. Amat-Villegas, M.T. Tuñon-Alvarez, 
M.R. Luquin Piudo (Pamplona, Spain) 
Objective: We have assessed whether tau and amyloid beta deposits might be present in pancreatic tissue of 
subjects with Parkinson’s and Lewy Body dementia. 
Background: Synucleinopathies are complex neurodegenerative disorders with a broad spectrum of motor and 
nonmotor features. Among these factors, a handful of epidemiological studies have highlighted that pre-existing 
type 2 diabetes mellitus (T2DM) may be a risk factor for developing Parkinson’s disease (PD). We have previously 
published that 93% of PD patients have cytoplasmic alpha-synuclein deposits in pancreatic beta-cells. Furthermore, 
we found the same inclusions in 68% of neurologically asymptomatic subjects with T2DM, and in 17% of control 
subjects. But besides alpha-synuclein, in the brain of PD patients are also present deposits of pathological protein 
aggregates, like tau and beta-amyloid are also found in the brain of Parkinson’s disease and Lewy Body dementia. 
Methods: We studied pancreatic and brain tissue from 39 individuals with no neuropathological alterations, and 
from 39 subjects diagnosed with Parkinson’s disease and Lewy Body dementia. We examined amyloid-beta and tau 
(ten different subtypes) accumulation in the pancreas. Moreover, we performed proximity ligation assays to assess 
whether tau and/or amyloid-beta interact with amylin and synuclein in the pancreas. 
Results: Cytoplasmic tau and amyloid-beta protein deposits were detected in pancreatic beta-cells of subjects with 
Parkinson’s disease, as well as in subjects with a normal neuropathological profile but with a history of T2DM and 
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in a small cohort of control subjects without T2DM. Furthermore, we provide the first histological evidence that 
either alpha-synuclein and amylin can interact with amyloid-beta and tau in the pancreas. 
Conclusions: The presence of both tau and amyloid-beta inclusions in pancreatic beta-cells, provides new evidence 
of a potential overlap in the mechanisms underlying the pathogenesis of T2DM, Parkinson’s disease and 
Alzheimer’s disease. Moreover, the interaction of amylin with tau and amyloid-beta in pancreatic beta-cells, may 
represent a novel target to develop therapies for these diseases. 

976 
Amylin deposition in the brain of Parkinson’s disease patients 
I. Martinez-Valbuena, R. Valenti-Azcarate, J. Sanchez, I. Marcilla Garcia, G. Marti Andres, M.T. Tuñon-Alvarez, 
M.R. Luquin Piudo (Pamplona, Spain) 
Objective: The objective of this study was to determine the presence of amylin deposits in the brain of subjects with 
synucleinopathies. 
Background: The link between Parkinson’s disease (PD) and type two diabetes mellitus (T2DM) has long been 
recognized in epidemiological studies. T2DM is a metabolic disease characterized by beta-cell dysfunction. Amylin 
is a small and highly amyloidogenic protein, whose aggregation has been implicated in this process. Amylin has also 
been related to PD pathophysiology since it interacts with alpha-synuclein promoting in vitro alpha-synuclein 
amyloid formation. We have provided histological evidence of this interaction in the pancreatic tissue of PD 
patients, and of the presence of amylin aggregates in PD brains. 
Methods: We evaluated post-mortem brain specimens from PD patients (n=35), and similar aged controls (n=20). 
Three regions of the brain were examined: frontal cortex, substantia nigra and amygdala. We evaluated both amylin 
and SNCA mRNA expression levels. Besides, quantification of amylin, alpha-synuclein and phosphorylated alpha-
synuclein protein levels was performed by WB and ELISA. We performed serial staining with anti-amylin antibody 
and Thioflavin S staining. On the other hand, to assess the amyloidogenicity or the “seeding” capacity of the amylin 
present in the brain, we used a novel RT-QuIC assay designed in our laboratory that enabled us to evaluate the 
kinetics formation of amylin fibrils with thioflavin T. For the amylin/synuclein interaction assessment we designed 
and performed two PLA for the detection of amylin/synuclein and amylin/phosphorylated-synuclein interactions. 
Results: We found extracellular and cytoplasmic amylin inclusions in the brain of 31 subjects with Parkinson’s 
disease (88%). We found that both cytoplasmic and extracellular amylin deposits were immunoreactive for 
thioflavin S staining and RT-QuIC positive. The PLA assays determined that in addition to their co-localization in 
cells, there was a direct interaction between amylin and synuclein. 
Conclusions: The presence of both synuclein inclusions in pancreatic beta cells, and of amylin deposits in the brain, 
provides new evidence of a potential overlap in the mechanisms underlying the pathogenesis of T2DM and 
Parkinson’s disease. Moreover, the interaction of amylin with synuclein in pancreatic β cells, and in the brain of 
patients, may represent a novel target to develop therapies for these diseases 

977 
Role of APOE ε4 status and Sex on Somatosensory Integration and Dual-Task Cost in Parkinson’s disease 
D. Martini, R. Morris, G. McBarron, T. Madhyastha, T. Grabowski, S.C. Hu, C. Zabetian, A. Hiller, K. Chung, J. 
Quinn, F. Horak (Portland, OR, USA) 
Objective: To determine whether ε4 status relates to impaired somatosensory integration deficits in males more than 
females in people with Parkinson’s disease (PwPD). 
Background: Previous work observed that male ε4+ exhibited an accelerated decline in gait performance compared 
to female ε4+. Additionally, PwPD exhibit worse somatosensory integration than controls, which related to worse 
gait performance, particularly with dual task gait. It remains unknown if ε4+ status in PwPD exacerbates 
somatosensory integration and gait performance, or if sex affects this relationship. We hypothesize that male ε4+ 
PwPD will have worse sensorimotor integration and this relates to worse gait performance than ε4 PwPD and female 
PwPD. 
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Methods: 11 male ε4+ (UPDRS III: 27), 6 female ε4+ (UPDRS III: 16), 36 male ε4- (UPDRS III: 28), and 13 
female ε4- (UPDRS III: 13) PwPD completed a two-minute walk with (dual task) and without (single task) a 
continuous attention task, allowing for dual task cost (DTC) comparison. Gait characteristics include DTC gait 
velocity, stride length, stride time, and foot strike angle. Short-latency afferent inhibition (SAI) characterized 
somatosensory integration. SAI is computed as the grand mean of the percent of the conditioned trials compared to 
the unconditioned trials. PwPD were tested “ON” medication. 
Results: Female ε4+ PwPD had significantly worse DTC foot strike angle (female ε4+: -7.7±2.5; female ε4-: -
0.3±7.2; p = 0.03) and DTC stride length (female ε4+: -2.9±1.7; female ε4-: -0.1±1.8; p = 0.01) than female ε4- 
PwPD. No other DTC differences were observed. Female ε4+ PwPD had significantly worse somatosensory 
integration (i.e. less inhibition of motor evoked response from somatosensory stimulation) compared to the other 
groups (female ε4+: 93±12; male ε4+:78±10; female ε4-: 75±17; male ε4-:76±19; p ≤ 0.02). SAI was not different 
between any other groups. SAI was significantly correlated to DTC foot strike angle (r = 0.82; p = 0.47) in female 
ε4+ PwPD. 
Conclusions: These data suggest that sex may be a factor in the relationship between somatosensory integration and 
gait performance deficits in ε4+ PwPD. While contrary to findings of ε4+ status and sex in healthy controls, our 
results mimic the effects of ε4+ status and sex in people with Alzheimer’s. Female ε4+ PwPD may be at a higher 
risk for falls than male ε4+ or ε4- PwPD. 

978 
Amimia in Parkinson's Disease and its Relationship with Motor and Non-Motor Symptoms 
T. Maycas-Cepeda, C. Feliz-Feliz, L. Gomez-Vicente, R. García-Cobos, P. Lopez-Ruiz, R. Arroyo, P.J. García- Ruiz 
(Pozuelo de Alarcon, Spain) 
Objective: To asses the correlation of amimia (facial bradykinesia) with motor and non-motor symptoms (cognition 
and depression) in Parkinson´s disease (PD) patients. 
Background: Reduced facial expression, amimia or facial bradykinesia is one of the most typical features of PD. 
Despite being described in classic texts, its significance, physiopathology and correlation with motor and non-motor 
symptoms, including depression and cognitive impairment, is largely unknown. 
Methods: We studied facial bradykinesia in a group of 75 PD [table1-2]. Clinical assessment was performed with 
the (on) Unified Parkinson´s Disease Rating Scale (UPDRS), timed tests and Hohen-Yahr scale. Cognitive study 
was assessed by Parkinson Disease Cognitive Rating Scale (PD- CRS), depression by the 16-Item Quick Inventory 
of Depressive Symptomatology (QIDS-SR16) and quality of life by the PDQ-39. Facial bradykinesia was studied 
according to item 19 of UPDRSIII and to blink frequency in a rest situation and during spontaneous conversation 
[figure1]. 
Results: Facial bradykinesia (item 19 UPDRS III) statistically correlated with total and motor UPDRS(r:0.55 and 
0.52 Spearman respectively) [figure1], Hoehn-Yahr scale (r:0.3865), timed tests, gait freezing, cognitive status 
(r:0.29) and quality of life (r:0.25)[firure2]. Blink frecuency only correlated with facial bradykinesia by UPDRS, 
motor and total UPDRS. 
Conclusions: In our study, facial bradykinesia correlated with PD severity (Hoehn-Yard scale), motor (UPDRS, 
UPDRSS III, timed test) and cognitive scores (PD-CRS) and quality of life.Our data suggest that facial bradykinesia 
might be a general indicator of PD severity and cognitive status in PD. Blink rate could be an useful extra tool to 
measure facial bradykinesia but with a poor relationship with non motor signs. 
References: • Bologna M, FabbriniG, Marsili L, Defazio G, Thomson PD, Berardelli A. J. Facial bradykinesia. 
Neurol Neurosurg Psychiatry. 2013; 84:681-5 • Marsili L, Agostino R, Bologna M, Belvisi D, Palma A, FabbriniG, 
Berardelli A. J. Bradykinesia of posed smiling and voluntary movement of the lower face in Parkinson's disease. 
Parkinsonism Relat Disord. 2014; 2:370-5 • Katsikitis M, Pilowsky I. A controlled quantitative study of facial 
expression in Parkinson’s Disease and depression. J Nerv Ment Dis. 1991; 179:683-8 
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979 
Comparison of motor, non motor symptoms, impulse control disorders and quality of life in patients with 
young versus late onset Parkinson’s disease 
S. Meka, R. Kandadai, T. Syed, R. Borgohain (Hyderabad, India) 
Objective: To look at the motor and non motor symptoms in patients with young onset and late onset Parkinson's 
disease from an indian population. 
Background: Parkinson’s disease is usually a disease of elderly but small percentage of population develop young 
onset Parkinson’s disease (≤ 50 years), there are ample differences between clinical features of YOPD and LOPD 
however very few studies were currently available from Indian population. 
Methods: We have retrospectively studied 101 patients with PD of which 53 are young onset PD patients (≤ 50 
years) and 48 are late onset PD patients (> 50 years) with similar duration of disease. Clinical variables of both the 
groups were compared using Chi-square test and Student T test. 
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Results: A total of 101 patients were studied of which 30% were females. Micrographia, mood disturbances, 
insomnia were more frequent in younger group where as stooped posture and orthostatic hypotension was more 
frequent in older group. Motor severity scoring (UPDRS 3), disease staging (H&Y) and quality of life score (PDQ 
39) were similar in both the groups. Non motor scores were higher in YOPD with a trend towards significance. 
Impulse control disorders were significantly higher in YOPD, while frontal lobe tests (stroop & trial B) were 
significantly worse in LOPD. 
Conclusions: Significant differences exist between YOPD and LOPD patients. Autonomic and cognitive 
impairment are more common in LOPD, while non motor symptoms and impulse control disorder are higher in 
YOPD. 

980 
The long-term effect of continuous apomorphine treatment on camptocormia in Parkinson´s disease: a 24-
months longitudinal open, prospective follow-up study 
K. Mensikova, M. Kaiserova, M. Vastik, M. Nevrly, S. Kurcova, P. Kanovsky (Olomouc, Czech Republic) 
Objective: The aim of the study was to assess the long-term effect of subcutaneous infusions of apomorphine in the 
treatment of camptocormia in advanced Parkinson's disease (PD). 
Background: Camptocormia in PD responds poorly to botulinum toxin injections, manipulation with dopaminergic 
treatment or deep brain stimulation. The results of our previous pilot study showed good therapeutic effect of 
subcutaneous apomorphine infusions in a small cohort of patients. 
Methods: 11 patients with Parkinson´s disease, who developed camptocormia, were treated with subcutaneous 
apomorphine infusion and followed-up for the period of 2 years. All patients were treated with L-DOPA and 
dopaminergic agonists at the time when camptocormia appeared; none of them improved following the manipulation 
of dopaminergic treatment or application of botulinum toxin injections. In the case of positive response to 
apomorphine challenge (i.e. substantial improvement of camptocormia), the treatment by continuous subcutaneous 
infusions of apomorphine was initiated. Apomorphine dose was gradualy titrated, according to the clinical response 
and tolerance, up to daily dose ranging from 40 to 70 mg. All patients were regularly monitored over a 24-month 
follow-up period. 
Results: The camptocormia improved in all patients after four weeks of continuous apomorphine treatment, and this 
effect remained stable over the whole follow-up period in 10 of them. In one patient, the therapy was discontinued 
due to loss of effect after one year; the patient later developed the clinical phenotype MSA-P type. The side effects 
in all patients were rare and not serious. 
Conclusions: Apomorphine hydrochloride in the form of continuous subcutaneous infusion can be successfuly and 
safety used for the long-term treatment of camptocormia in the advanced stage of Parkinson´s disease. 
Supported by: grant from the Ministry of Health, Czech Republic – conceptual development of research 
organization - MH CZ – DRO (FNOL, 00098892) 2019. 
References: Mensikova K, Kaiserova M, Vastik M et al. Treatment of camptocormia with continuous 
soubcutaneous infusions of apomorphine: 1-year prospective pilot study. J Neural Transm 2015; 122: 835-839. 

981 
The Oral Metagenome and Metatranscriptome of Early Stage Parkinson’s Disease and their Relationship 
with Clinical and Functional Outcome Measures of Motor and Nonmotor Function 
D. Mihaila, J. Donegan, M. Vidal, D. LaRocca, R. Ericson, S. Barns, C. Neville, R. Uhlig, F. Middleton (Syracuse, 
NY, USA) 
Objective: To identify sensitive and specific biomarkers of changes in the oral microbiome of subjects with early 
stage Parkinson’s Disease and relate these to clinical, demographic, and functional measures. 
Background: Changes in the function and microbiome composition of the upper and lower gastrointestinal tract 
have been documented in Parkinson’s disease (PD), although most studies have examined merely fecal microbiome 
profiles and patients with advanced disease states. 
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Methods: Subjects completed detailed standardized assessments of motor, cognitive, balance, autonomic and 
chemosensory (smell and taste) functions. We also obtained a saliva sample for profiling of microbial RNA and 
DNA using shotgun and 16S next generation sequencing, respectively. Alignment and classification of reads was 
performed using Kraken and K-SLAM software. 
Results: Our initial cohort involved 48 PD subjects and 36 age- and gender-matched healthy controls. A second 
cohort with similar numbers of subjects was also used for replication analyses. In the discovery cohort, we found no 
differences in overall alpha and beta diversity between subject groups (Fig 1). However, changes in specific 
microbial taxa were observed, including primarily bacteria, but also yeast and phage. Many of our findings were 
consistent with prior fecal microbiome studies, with others representing highly novel findings for early stage PD. 
Testing of the diagnostic utility of the microbiome data revealed potentially robust performance with as few as 11 
taxonomic features achieving a cross-validated area under the ROC curve of 0.90 and overall accuracy of 84.5% 
(Fig 2). Comprehensive metabolic pathway analysis revealed shifts in a small set of pathways involved in amino 
acid and energy metabolism among the organisms comprising the oral microbiome. Comparison of metagenome and 
metatranscriptome profiles was also highly informative, yielding novel insight on the overall transcriptional output 
per organism. Notably, we also observed robust correlations between many microbiota and functional measures, 
including those reflecting cognition, balance, and disease duration. 
Conclusions: These results suggest that the oral microbiome may represent a highly-accessible and informative 
microenvironment that offers new insights in the pathophysiology of early stage PD. 
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982 
Memantine and 3D gait analysis in patient with Parkinson’s disease: an observer-blind randomized clinical 
trial 
I. Miliukhina, E. Gracheva (Saint-Petersburg, Russian Federation) 
Objective: To examine the efficacy of memantine (20 mg), a non-competitive NMDAR antagonist, in the treatment 
of gait impairment in PD patients with mild cognitive impairment and dementia. 
Background: Gait disorders and falls are very prevalent in Parkinson’s disease (PD), they are much difficult to 
manage. Recent evidence has indicated that gait impairment in PD is caused by multisystem lesion and non-
dopaminergic dependent mechanisms play the leading role. 
Methods: This was a single-center, 14-week, prospective, randomized, no treatment control with blind assessment 
study design. A total 55 PD patients (mean age 74,6 years; mean duration of disease 7,5 years; median Hoehn and 
Yahr stage was 2,5) with Mini-Mental State Examination (MMSE) scores from 16 to 24 were randomly assigned to 
combination memantine and antiparkinsonian therapy (memantine group - 30 PD patients) and antiparkinsonian 
therapy alone (control group – 25 PD patients). Control group matched for age, sex, and stage and type of cognitive 
impairment nested in a cohort study. 3D analysis was carried out using the «DIERS pedogait» system during normal 
walking. Among the spatiotemporal gait parameters were evaluated step length, step time, cadence, foot rotation, 
load response phase, single support phase, pre-swing phase, swing-phase. Postural stability was measured by 
calculating the Centre of Pressure (CoP) deviation on force plate analysis. 
Results: Memantine was well tolerated, without any serious adverse events, or worsening in the parkinsonian motor 
score. After 14 weeks there was a significant difference in MMSE score of memantine group before and after 
treatment (p<0.05). The spatiotemporal gait parameters (cadence and terminal stance) after 14 weeks were higher in 
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memantine group than in control group. Participants in the memantine group after 14 weeks had a significant 
increase cadence (on 30%), marked differences were also found in the duration of pre-swing phase of gait, CoP 
deviation (p<0.05), while the stand and swing phases were not significantly different. 
Conclusions: Apparently, the use of memantine is a promising direction of correction of disturbances of gait in PD 
by improving the glutamatergic transition from the striatum to specific areas of the cerebral cortex involved in the 
control of gait, and a larger placebo-controlled clinical study is warranted. 

983 
The role of the gut microbial dysbiosis and serum inflammatory profile for the discrimination of clinical 
subtypes in Parkinson's disease 
I. Miliukhina, E. Ermolenko, E. Gracheva, A. Istomina, M. Kotyleva, E. Agapova, A. Suvorov (Saint-Petersburg, 
Russian Federation) 
Objective: To investigate whether clinical phenotypes can be predicted by the assessment of gut microbiome and 
serum inflammatory profile of PD patients. 
Background: Recent evidence provides support for involvement of the microbiota-gut-brain axis in Parkinson's 
disease (PD) pathogenesis. Earlier have shown that cytokines could play a role in PD pathogenesis. However, 
differences between clinical PD subgroups regarding these markers still need to be identified. 
Methods: 112 PD patients in 1,5-3,0 Hoehn-Yahr (mean age 64.4 ± 2.5, 53 males), were evaluated in motor and 
non-motor domains at the baseline assessment. Clinical subtype (akinetic-rigid (ARS), tremor-dominant (TDS)), 
disease onset and progression rate were also determined. Study of the fecal samples was performed by real time 
polymerase chain reaction method and bacteriologically. Cytokines (IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-18, 
TNF-α, IFN-γ) were measured in serum by ELISA. To identify groups of patients with similar parameters cluster 
analysis (mclust library) was performed. 
Results: In group patients with onset of the diseases before 45 years the level of total bacterial mass and 
Faecalibacterium prausnitzii was lower than in other patients (p<0,05). Patients who did not receive L-dopa had a 
lower level of the Escherichia coli, Lactobacillus, Bifidobacterium compared patients compared to patients who 
received L-dopa (p<0,05). Patients with mild cognitive impairment had a significantly higher level of the 
Escherichia coli than patients with normal global cognition according to MMSE. Patients with TDS were 
characterized by a higher level of Bacteroides fragili and IL-10, also a lower level of Lactobacillus compared to 
ARS (p<0,05). We identified two clusters: cluster 1 had the fastest motor progression, higher level of anxiety and 
depression, cognitive and autonomic disfunction, higher doses of L-dopa, higher level of the Escherichia coli and 
Lactobacillus, lower level of IL-1β and IL-4 than cluster 2. 71% in cluster 1 were ARS patients. 
Conclusions: Proinflammatory cytokines modulate either directly or through glial cells, enteric nervous system 
activity which in turn affects to microbiota-gut-brain axis. Gut microbiota may be one of modulator of the 
pathogenesis of PD and contribute to the interindividual variability of clinical features. 

984 
Patient-Centered Outcomes of Deep Brain Stimulation in Parkinson's Disease 
R. Moraes, J. Freitas, R. Ferreira, P. Pereira, P. Terzian, F. Godinho, M. Rocha (Sao Paulo, Brazil) 
Objective: To evaluate patient-centered outcomes after deep brain stimulation in Parkinson's disease. 
Background: Deep brain stimulation (DBS) is an effective treatment for Parkinson's disease (PD) patients. Long-
term outcomes have demonstrated sustained improvement in motor symptoms. However, few studies have 
evaluated patient-centered outcomes (PCO). 
Methods: A PCO questionnaire was administered to PD patients post-DBS. It measured outcomes on mobility, gait, 
postural instability, cognitive, speaking and psychiatric symptoms, sexual functions, pain, social life, and issues 
related to the DBS device. All questions were scored on a five-point Likert scale, where 4 and 5 points were the 
most favorable outcomes. Demographic data and Hoehn & Yahr scale (H&Y) before surgery was collected. Data on 
DBS therapy included the stimulation target and electric parameters. 
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Results: Forty-seven patients answered the questionnaire (55.3% males). Mean age was 58.3y (SD 8.7). Mean H&Y 
stage was 3.3 (SD 0.6), and mean DBS therapy duration was 25.5 months. Subthalamic nucleus (STN) was the 
target in 38 (80.8%), and Forel’s field in 9 patients. Mean amplitude, frequency and pulse-width were 2.7 V, 158 Hz 
and 64.5 ms. Mobility: 89.4% of patients agreed that DBS improved walk velocity in small distances (100 m), and 
80.9% agreed that DBS facilitated walk (1 km). Postural instability: 85.1% of patients agreed they have better 
balance and 76.6% agreed they have less falls. Pain was reduced in 68.1% of patients, and sexual performance was 
better for 42.6%. Anxiety was reduced for 72.3% of patients, whereas depression was reduced for 80.8%. Most 
patients (80.6%) agreed they feel better during social activities. On the other hand, 42.6% experienced worsening of 
speaking, and 23.4% referred worse episodic memory. DBS device was not a problem for 85.1%. There was a non-
significant trend towards lower grades in patients who had Forel’s field surgical target (mean score 162.9) compared 
to STN (mean score 183.3). A multivariable regression analysis showed younger age as a predictive factor for good 
outcomes after DBS surgery. Overall mean grade (0 to 10) for patient satisfaction with DBS therapy was 8.9, and 
96.7% would undergo the surgical treatment again 
Conclusions: After an average of 2 years post-DBS surgery, the majority of patients were satisfied, felt they had 
made the correct decision to undergo DBS and would choose to have DBS again. 
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985 
Parkinson's disease-associated mutations of PLA2G6 alters the membrane dynamics and α-synuclein stability 
A. Mori, T. Hatano, T. Inoshita, K. Shiba-Fukushima, T. Koinuma, C. Yamashita, A. Okuzumi, Y. Imai, N. Hattori 
(Tokyo, Japan) 
Objective: To investigate the mechanism of α-synuclein (α-Syn) aggregation. 
Background: PLA2G6 has been isolated as the gene responsible for an autosomal recessive form of Parkinson’s 
disease (PD) linked to the PARK14 locus. PLA2G6 has been proposed to be a key enzyme of phospholipids 
remodeling through hydrolyze the sn-2 ester bonds of phospholipids. Postmortem studies have shown a marked α-
Syn pathology in PARK14 cases. It has been suggested that the alterations of lipid composition affects α-synuclein 
stability, but the mechanism underlying α-Syn aggregation is insufficiently understood. Here, we used a Drosophila 
model of PARK14 for investigation of the mechanisms of α-synuclein aggregation through alterations of lipid 
composition. 
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Methods: We generated Drosophila PLA2G6 (CG6718)–null flies by CRISPR/Cas9 technology and we analyzed 
the lipid composition in the Drosophila brain by using Electrospray Ionization-Mass Spectrometry. α-Syn was 
expressed in PLA2G6–null flies and the Drosophila brain was examined by immunohistochemistry, sarkosyl 
fractionation and real-time quaking-induced conversion (RT-QUIC) to determine whether α-Syn aggregation 
generated in the brain. We also performed liposome-α-Syn binding assay to estimate the effect of α-Syn stability 
on phospholipids. 
Results: Measurement of brain lipid composition revealed that increased the proportion of phospholipids with short 
acyl chain in PLA2G6–null flies. PLA2G6–null flies exhibited ubiquitinated α-Syn accumulation in DA neurons as 
well as other types of neurons. And biochemical assays also revealed the abnormal α-Syn seeding activity. The 
liposome assay showed that the interaction between α-Syn and lipids were modulated by the length of acyl chain. 
Conclusions: Our fly models suggest that changes in the acyl-chain composition of phospholipids are critical for α-
Syn aggregation. We proposed that the dietary manipulation of lipids is a promising method to control risks for PD. 

986 
Effects of levodopa on LTP-like plasticity induced by quadripulse magnetic stimulation in Parkinson's 
disease 
S. Moriyasu, T. Shimizu, T. Honda, Y. Ugawa, R. Hanajima (Yonago, Japan) 
Objective: To study LTP-like effect induced by QPS on primary motor cortex of PD patients in “on” or “off” 
medication state and reveal the relationship between motor symptoms and LTP-like effects of PD patients. 
Background: Previous studies using non-invasive brain stimulation (NIBS) techniques demonstrated the loss of 
motor cortical LTP-like plasticity in PD patients “off” medication state and Levodopa restored motor cortical 
plasticity. Quadripulse magnetic stimulation (QPS) is a newly reported NIBS technique and effects of QPS on PD 
patients have not been studied. 
Methods: Nine PD patients (4 male; mean age 65.5±10.2 years old) participated in this study. The participants 
visited our hospital twice, once under levodopa “Off” and the other levodopa “On” condition. As an “On” state, the 
participant took levodopa tablet 1hour prior to the experiment. Before QPS, MDS-Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS), motor thresholds (RMT/AMT) and baseline MEP size were measured. Then, QPS 
was given over the primary motor cortex. The procedures of QPS were the same as previous reports. We employed 
inter-stimulus intervals of 5 ms (QPS-5) to induce LTP-like effects. After QPS-5, we measured the amplitude of 20 
MEPs every 5 min up to 30 min. We calculated grand average of MEP ratio (0min to 30min) and compared between 
“on” and “off” state. We also analyzed the relationship between MDS-UPDRS PartⅢ score and grand average of 
MEP ratio. 
Results: Seven of 9 patients were evaluated in both “off” and “on” states, 1 was only in “on“ state and 1was only in 
“off“ state. The RMT and AMT are not different between “off“ and “on“ state (RMT: “off“ 51.3±12.8% vs “on“ 
42.1±10.9%, p=0.15, AMT: “off“ 34.1±8.5%, “on“ 31±6.5%, p=0.43,). LTP-like effects induced by QPS-5 tended 
to be larger in “on” state (+45.8% of baseline MEP) than in “off” state (+8.4% of baseline MEP). MDS-UPDRS Part 
III score and mean MEP ratio after QPS-5, the degree of QPS-induced LTP-like effects, showed a moderately 
negative correlation (R^2= -0.58). 
Conclusions: Our results were consist with previous studies that showed motor cortical plasticity deficit in “off” 
state PD patients and was restored by levodopa intake. In addition, our result suggested that the disturbance of LTP 
in the motor cortex could relate with motor symptoms of PD. 

987 
Preferred place of death (PPOD) in PD, PSP and MSA 
C. Morris, R. Walker, M. Lee, J. Adamson (Newcastle, United Kingdom) 
Objective: To ascertain whether people with PD, PSP and MSA have a PPOD 
Background: Achieving a PPOD is felt to be an important factor in providing good end of life care. Fewer people 
with PD die in their own homes than age matched populations (1) or people with other neurological disease (2)(3). 
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The current literature has not explored whether PPOD is important or whether expressing a PPOD makes a 
difference to actual place of death. 
Methods: A mixed methods study exploring the palliative and end of life care needs for people with PD, PSP and 
MSA. The quantitative element was drawn from the UK National bereavement surveys 2012-15 with 1008 people 
dying from PD, 44 people dying from PSP and 23 people dying from MSA. The qualitative element was derived 
from forums and interviews with bereaved carers (n=36) 
Results: A PPOD had been expressed by 36% of those who died from PSP, 32% of those dying from MSA and 26% 
of those dying from PD. This is comparable with people dying from CVD or 'other' causes but significantly less than 
for people dying of cancer (53%); PD vs cancer OR 0.309 (0.267-0.357). When PPOD was expressed home was the 
PPOD in the majority of cases (74% for PD/PSP and 88% MSA). Expressing a PPOD did affect actual POD as 
people who died at home were significantly more likely to have expressed a PPOD than those who died in other 
locations (Home vs hospital OR 6.42 (4.205-9.810), home vs care home OR 8.17(5.496-12.158), home vs hospice 
OD 5.10(1.869-13.897). Of those who expressed a PPOD of home, only 44% died at home. The qualitative data 
explains the reasons for this mismatch, illustrating the difficulties with diagnosing dying, carer exhaustion, and 
inadequate home care provision for the end of life. 
Conclusions: A minority of people with PD, PSP and MSA had expressed a PPOD. It is difficult to know whether 
this is because it was not important or because they were never asked. The qualitative data suggests both factors 
were apparent. It is clear that if a person has a PPOD this should be openly discussed and recorded as this makes a 
PPOD much more likely to be achieved. However, carers often feel guilt if a PPOD is not achieved and so realistic 
conversations should be had about PPOD at the time of planning. If a person does not die in their PPOD this has a 
negative impact on bereaved carers' grief. 
References: (1) Snell, K., Pennington, S., Lee, M. and Walker, R. (2009) 'The place of death in Parkinson's disease', 
Age and Ageing, 38(5), pp. 617-619. (2) Sleeman, K.E., Ho, Y.K., Verne, J., Glickman, M., Silber, E., Gao, W., 
Higginson, I.J. and Project, G.C. (2013) 'Place of death, and its relation with underlying cause of death, in 
Parkinson's disease, motor neurone disease, and multiple sclerosis: A population-based study', Palliative Medicine, 
27(9), pp. 840-846. (3) Pubic Health England (2018) Deaths Associated with Neurological Conditions in England 
2001 to 2014. London: Public Health England Publications, P. 

988 
High repressive activity of olive extracts on the cell line model of Parkinson disease against ROS induction 
D. Morshedi (Tehran, Islamic Republic of Iran) 
Objective: Neurodegenerative diseases including Parkinson’s disease (PD) mostly accompany with induction of 
high ROS in neuronal cells. It is believed that unusual level of ROS may early or consequent reason for 
degeneration in particular parts of brain. 
Background: Rotenone as a pesticide promotes specifically degeneration in the substantia nigra and is widely used 
to simulate PD model in cells and animals. Furthermore, aggregation of alpha- synuclein (α-SN) has apparently 
main roles in progression and worsening of PD and other related diseases. 
Methods: In this study the SHY5Y cells overexpressing α-SN were treated with rotenone (1 µM) / α-SN (70 µM) 
aggregates in the presence or absence of different concentrations of the methanolic extract of the fruits of some 
Iranian olive cultivars. The ROS index and also viability of the cells were assessed using DCFH-DA and MTT 
assays, respectively. 
Results: Interestingly all extracts meaningfully suppressed ROS production when co-present with rotenone / α-SN 
aggregates. On the other hand, viability index indicted that always ROS suppression is not couple with cell 
protection. In some cases with low ROS we observed a high neurotoxicity; however in other cases the protective 
effect on the neurotoxicity of rotenone / α-SN aggregates was detected. 
Conclusions: It is indicted that neurodegeneration is a high complex phenomena even in a cellular models and 
needs to increase the knowledge regarding these kinds of diseases. 
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989 
Exploratory Analysis of Electrocortical Signal Complexity in Patients with Progressive Supranuclear Palsy 
and Corticobasal Degeneration 
G. Mostile, L. Giuliano, R. Terranova, A. Luca, G. Donzuso, G. Portaro, C. Rascunà, V. Sofia, A. Nicoletti, M. 
Zappia (Catania, Italy) 
Objective: We evaluated self-similarity of electrocortical activity as expression of brain signal complexity in 
patients clinically affected by Progressive Supranuclear Palsy (PSP) and Corticobasal Degeneration (CBD) as 
compared to controls. 
Background: Complexity is a characteristic of self-similar fractal phenomena, which have been described in 
biological processes. It has been hypothesized that a topographic increased level of neuronal organization can be 
evaluated by analyzing self-similarity property of site-specific electrocortical activity as expression of brain signal 
complexity. In untreated Parkinson’s disease subjects, an increased level of fronto-temporal neuronal organization 
has been observed. No data are available for patients clinically affected by suspected tauopathies with dementia and 
parkinsonism. 
Methods: We analyzed data of N=14 PSP, N=7 CBD and N=27 controls subjects group-matched by age who 
underwent standardized electroencephalography. A Welch's periodogram was applied to site-specific 
electroencephalographic signal epochs. To investigate self-similarity of electrocortical activity, the power law 
exponent β was computed for each selected coordinate as minus the slope of power spectrum versus frequency in a 
Log-Log scale. 
Results: PSP subjects presented significant overall lower β values among all sites of recordings as compared to 
controls. CBD patients presented instead significant lower β values in the posterior temporal-parietal-occipital 
regions bilaterally with respect to controls, while no significant differences were observed in the frontal regions. 
Conclusions: Our findings suggest different patterns of topographic electrocortical organization in patients with 
PSP and CBD, maybe due to different subcortical-cortical functional networks involved in the two conditions. 
References: [1] Mostile G, Nicoletti A, Dibilio V, Luca A, Pappalardo I, Giuliano L, Cicero CE, Sciacca G, Raciti 
L, Contrafatto D, Bruno E, Sofia V, Zappia M. Electroencephalographic lateralization, clinical correlates and 
pharmacological response in untreated Parkinson's disease. Parkinsonism Relat Disord. 2015; 21: 948-953. [2] 
Mostile G, Giuliano L, Dibilio V, Luca A, Cicero CE, Sofia V, Nicoletti A, Zappia M. Complexity of electrocortical 
activity as potential biomarker in untreated Parkinson's disease. J Neural Transm (Vienna). 2019; 126: 167-172. 

990 
Clinical Response to 72-h Lumbar CSF Drainage in Idiopathic Normal Pressure Hydrocephalus associated 
with Parkinsonism: Timing and Correlates 
G. Mostile, G. Raudino, G. Portaro, F. Certo, A. Nicoletti, G. Barbagallo, M. Zappia (Catania, Italy) 
Objective: To evaluate timing and clinical correlates of motor response after 72-h lumbar CSF drainage in patients 
with Normal Pressure Hydrocephalus (iNPH) associated with parkinsonism. 
Background: Clinical response to 72-h lumbar CSF drainage represents a positive prognostic factors for 
ventriculoperitoneal shunting in patients with iNPH. However, data concerning timing for the assessment of clinical 
response as well as factors associated with motor response in such patients are still inconsistent, especially for those 
affected by concomitant parkinsonism. 
Methods: We analyzed data of iNPH patients who were referred to the Neurosurgery Clinic for a diagnosis of iNPH 
based on clinical characteristics as well as for the radiological evidence of cerebral ventriculomegaly. All patients 
were affected by parkinsonism. Before the procedure of ventriculoperitoneal shunting, they underwent long-term 72-
h intracranial-pressure controlled CSF external drainage using the LiquoGuard system. A cognitive assessment was 
performed before the drainage. Clinical motor response pre- and post- the 72-h lumbar CSF drainage was evaluated. 
Results: We identified 14 iNPH patients (age: 69.3±11.6 years; corrected MMSE score: 24.8±3.9; corrected FAB 
score: 11.8±3.6). The time between the two clinical evaluations (before and after the drainage) was in average 8±3 
days. We observed a significantly motor improvement after the drainage (Pre-UPDRS-ME score: 20.1±6.5; Post-
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UPDRS-ME score: 18.6±7.9; p=0.012). Percent clinical motor response was in average: 10±11%. Overall, 36% of 
patients presented a motor response greater than 15%. Percent motor response negatively correlated with Pre-
UPDRS-ME score (r=-0.798; p<0.001). A borderline positive correlation was also observed between clinical motor 
response and FAB score evaluate at baseline (r=0.54; p=0.057). 
Conclusions: A clinically detectable motor response was detected in about one third of iNPH patients with 
parkinsonism few days after the 72-h lumbar CSF drainage. Patients with more severe cognitive and motor condition 
at baseline could present a worse acute motor response to the drainage. 
References: [1] Bugalho P, Guimarães J. Gait disturbance in normal pressure hydrocephalus: a clinical study. 
Parkinsonism Relat Disord. 2007; 13: 434-437. [2] Molde K, Söderström L, Laurell K. Parkinsonian symptoms in 
normal pressure hydrocephalus: a population-based study. J Neurol. 2017; 264: 2141-2148. [3] Walchenbach R, 
Geiger E, Thomeer R, Vanneste J. The value of temporary external lumbar CSF drainage in predicting the outcome 
of shunting on normal pressure hydrocephalus. J Neurol Neurosurg Psychiatry. 2002; 72: 503-506. [4] Schniepp R, 
Trabold R, Romagna A, Akrami F, Hesselbarth K, Wuehr M, et al. Walking assessment after lumbar puncture in 
normal-pressure hydrocephalus: a delayed improvement over 3 days. J Neurosurg. 2017; 126: 148-157. [5] Akiguchi 
I, Ishii M, Watanabe Y, Watanabe T, Kawasaki T, Yagi H, et al. Shunt-responsive parkinsonism and reversible 
white matter lesions in patients with idiopathic NPH. J Neurol. 2008; 255: 1392-1399. [6] Wolfsegger T, Topakian 
R. Cognitive impairment predicts worse short-term response to spinal tap test in normal pressure hydrocephalus. J 
Neurol Sci. 2017; 379: 222-225. 

991 
Parkinson Disease Clinical Subtypes Predict Dementia and Mortality Risk 
P. Myers, M. Campbell, A. Weigand, N. Cairns, J. Jackson, C. Lessov-Schlaggar, J. Perlmutter (St. Louis, MO, 
USA) 
Objective: To identify PD clinical subtypes based on patterns of motor, cognitive, and psychiatric symptoms; to 
assess the clinical utility of each subtype in predicting conversion to dementia and mortality. 
Background: People with PD have distinct patterns of motor, cognitive, and psychiatric symptoms which may 
predict prognosis and treatment response. A comprehensive, multi-domain clinical assessment may permit 
identification of clinically relevant subtypes based on the spectrum of symptoms rather than on a single domain of 
assessment (i.e., motor deficits only). 
Methods: Comprehensive clinical evaluations were completed at baseline from a prospective, longitudinal sample 
of 162 non-demented PD participants who are followed until death. Latent class analysis (LCA) defined subtypes 
based on score patterns across motor, cognitive, and psychiatric measures. Cox regression models tested PD subtype 
differences in relative risks (RR) for conversion to dementia and mortality. 
Results: LCA identified three distinct clinical subtypes: “motor only” (N=63) characterized by motor deficits but 
preserved cognitive and psychiatric function; “psychiatric & motor” (N=17) characterized by prominent psychiatric 
symptoms, moderate motor deficits, but intact cognition; “cognitive & motor” (N=82) characterized by impaired 
cognition, moderate motor deficits, but preserved psychiatric function. Dementia conversion occurred at a higher 
rate in the “cognitive & motor” subtype compared to “motor only” and “psychiatric & motor” subtypes (RR=4.45, 
3.08), while “psychiatric & motor” and “motor only” did not significantly differ (RR=1.45). Analysis of mortality 
cases (N=38) revealed higher mortality risk for the “cognitive & motor” and “psychiatric & motor” subtypes 
compared to the “motor only” subtype (RR=3.85, 4.41), while “cognitive & motor” and “psychiatric & motor” did 
not significantly differ (RR=0.87). 
Conclusions: Psychiatric and cognitive function, rather than motor deficits, drive PD clinical subtypes. Our results 
stress the importance of multi-domain assessments which include comprehensive cognitive and psychiatric measures 
to better characterize clinical variability in PD. Further, the PD clinical subtypes differ in relative risks for 
conversion to dementia and mortality demonstrating significant prognostic value for these subtypes. 

This article is protected by copyright. All rights reserved.



992 
Predictors of Retention for Carbidopa/Levodopa Intestinal Gel in Parkinson Disease 
A. Nagy, T. Davis, T. Hassell, P. Hedera, D. Isaacs, H. Koons, F. Phibbs, S. Afrow, J. Fang (Nashville, TN, USA) 
Objective: To identify predictors of discontinuation of levodopa/carbidopa intestinal gel therapy. 
Background: Although levodopa/carbidopa intestinal gel (LCIG) is an established treatment for Parkinson's disease 
complicated by disabling motor fluctuations, there is little available data regarding its clinical use in the US.  We 
report the experience of the Vanderbilt Movement Disorders Clinic (VMDC) with LCIG to identify risk factors for 
early discontinuation of therapy. 
Methods: We reviewed the records of all patients who were initiated on LCIG at VMDC between June 2015 and 
October 2018.  Demographic data and use of concomitant medications were recorded.  Comparisons were performed 
between patients who remained on LCIG during this period versus those who discontinued.  Two-tailed t-tests were 
used for age comparisons, and chi-squared was used for the other analyses. These were not corrected for multiple 
comparisons. 
Results: A total of 38 patients were included the analysis. A total of 13 (34%) discontinued LCIG during this period 
versus 25 (66%) who remained on LCIG. Of the 13 who discontinued, the average age at start of therapy was 71.9 
(+/- 8.3) versus 62.8 (+/- 9.5) for those who remained on therapy (p<0.06). The average age at PD diagnosis was 
59.5 (+/- 9.4) years in those who discontinued versus 65.8 (+/- 9.5) (p<0.05). The average disease duration was 12.2 
(+/- 6.7) years versus 13.0 (+/- 7.7) (p<0.75). Of the 8 patients who were on antipsychotic therapy prior to starting 
LCIG therapy, 37% discontinued LCIG (ns). Of the 15 who were taking antidementia medications, 40% 
discontinued (ns). The discontinuation rate for women was 50% (5/10) versus 29% (8/28) for men (p<0.27). 
Conclusions: In this small population, patients who were older at the time of PD diagnosis appeared more likely to 
discontinue LCIG therapy. Patients taking either antipsychotic or antidementia medications and patients with longer 
disease duration did not appear to discontinue LCIG therapy at a higher rate. 

993 
Healthcare disparities in patients with Parkinson’s disease: A comprehensive literature review and call to 
action 
S. Naik, V. Holiday, L. Dixon, M. Kolikonda, K. LaFaver (Louisville, KY, USA) 
Objective: To review the literature on healthcare disparities in Parkinson’s care in the United States and to initiate a 
community education program targeted at an underserved PD population and primary healthcare providers in 
Kentucky. 
Background: Parkinson’s disease (PD) is a common neurodegenerative disorder imposing a significant economic 
burden on the healthcare system. Although there is no definitive cure, symptomatic therapies can improve the 
quality of life. Previous studies have shown considerable disparities in PD care based on gender, race and 
socioeconomic status. 
Methods: A comprehensive literature search from 1996 – 2018 was performed for studies addressing healthcare 
disparities in PD based on gender, race, and socioeconomic status. Furthermore, a community outreach program was 
developed with the aim of educating patients, caregivers and primary healthcare providers in underserved areas in 
Kentucky on up-to-date diagnosis and treatment of PD. 
Results: Significant delays in PD diagnosis and treatment along with discrepancies in the use of rehabilitation 
services were observed. An average seven-year delay in diagnosis of PD in the African American (AA) population 
was reported in one study. Furthermore, AA patients were found to be 4 times less likely to be started on treatment 
for PD than Caucasian patients. Rehabilitation services were least likely to be utilized by AA patients. Women with 
PD were reported to have fewer direct physician contact. Disparities in PD can be attributed to differences such as 
insurance coverage, access to medical care, cultural barriers and healthcare literacy. To address local healthcare 
disparities for PD patients, we partnered with a family health center in Louisville, KY, and organized educational 
events targeting underserved patient groups, as well as a three-part webinar on diagnosis and treatment of PD for 
healthcare professionals working in primary care settings. 
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Conclusions: Optimal management of PD requires timely diagnosis, prompt treatment, and regular follow-up to 
monitor both motor and non-motor symptoms. Since disparities exist on several levels, different approaches are 
needed to address the root cause. Better education of patients and healthcare providers in underserved areas, along 
with creating public awareness on PD, are important first steps towards addressing disparities and improving PD 
care. 
References: 1. Fullard ME, Thibault DP, Todaro V, et al; Sex disparities in health and health care utilization after 
Parkinson diagnosis: Rethinking PD associated disability. Parkinsonism Relat Disord. 2018 Mar;48:45-50. 2. 
Dahodwala N, Siderowf A, Xie M, Noll E, Stern M, Mandell DS. Racial differences in the diagnosis of Parkinson's 
disease. Mov Disord. 2009 Jun 15; 24(8):1200-5 3. Fullard ME, Thibault DP, Hill A, et al. Utilization of 
rehabilitation therapy services in Parkinson disease in the United States. Neurology. 2017;89(11):1162-1169. 4. 
Dahodwala N, Siderowf A, Xie M, Noll E, Stern M, Mandell DS. Racial differences in the diagnosis of Parkinson's 
disease. Mov Disord. 2009 Jun 15; 24(8):1200-5. 5. Saadi A, Himmelstein DU, Woolhandler S, Mejia NI. Racial 
disparities in neurologic health care access and utilization in the United States. Neurology. 2017;88(24):2268-2275. 

994 
Identification of protein biomarker/s in CSF of Parkinson's disease (PD) with cognitive impairment 
A. Naskar, A. Stezin, D. Gadara, S. Ahuja, V. Menon, N. Kamble, J. Saini, S. Hegde, U. Tatu, P. Pal, P. Alladi 
(Bangalore, India) 
Objective: i. To identify CSF protein biomarker/s in Parkinson's disease (PD) with cognitive impairment using LC-
MS/MS proteomics. 
ii. To estimate the level of known AD biomarkers in CSF of PD with cognitive impairment using Enzyme Linked 
Immunosorbent Assay (ELISA) 
Background: Cognitive impairment is a major non-motor symptom of PD. The cognitive phenotypes of PD include 
(a) PD with dementia (PDD) and (b) PD with mild cognitive impairment (PD-MCI). In PDD, impairments in 
executive and visuospatial functions predominate; alongside attention, learning and memory deficits. No biomarkers 
have thus far been identified for an early diagnosis of PD with cognitive impairment. 
Methods: Study groups:Controls, n=4; PD, n=3; PDD, n=4; Normal Pressure hydrocephalus (NPH) n=4. 
1. Q-TOF-LC-MS/MS unbiased label free mass spectrometry based-proteomics was performed on CSF of subjects, 
who underwent neuropsychological and neuro-radiological assessments. 
2. Enzyme Linked Immunosorbent Assay (ELISA) based estimation of Amyloid β-42 was also performed on CSF. 
Results: The MOCA and NIMHANS neuropsychology battery scores confirmed significant decline in executive, 
visuo-spatial, attention and memory in the patients with PDD. The label-free quantitation (LFQ) intensity values on 
LC-MS/MS showed lower levels of Amyloid β A4 or Amyloid β precursor protein in PD and PDD compared to 
controls. A matching reduction was observed in Amyloid-β42 levels by ELISA. We are currently analysing 
additional CSF samples. 
Conclusions: The leads obtained from the present study suggest a possibility of involvement of Amyloid-β related 
proteins in cognitive impairment in PD. 

995 
Phenotypic spectrum of Progressive Supranuclear Palsy in a Tunisian cohort 
A. NASRI, A. Neji, I. Kacem, T. Lansari, S. MRABET, A. GARGOURI, M. BEN DJEBARA, R. GOUIDER (Tunis, 
Tunisia) 
Objective: To describe the clinical and imaging features of the different phenotypes of progressive supranuclear 
palsy (PSP). 
Background: PSP is a neuropathologically defined disease entity with a wide range of overlapping clinical 
presentations. The clinical spectrum of PSP has grown since the description of the first clinical syndrome now 
termed PSP-Richardson’s syndrome (PSP-RS). with the increasing description of several atypical phenotypes. 
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Methods: A retrospective study of 16 years (2003-2018) including patients diagnosed with PSP according to the 
2017 MDS-PSP criteria followed in the Department of Neurology of Razi University Hospital in Tunisia. 
Demographic, clinical and imaging features were analyzed and compared across the different phenotypes. 
Results: Forty-six patients were included (sex-ratio=1.19; mean age= 63.5 years; mean age of onset= 62.7 
years).The most frequent symptoms at onset were akinesia and falls. Patients had parkinsonian syndrome of PIGD 
subtype in 95%. All patients had supranuclear oculomotor disorders. Frontal dysfunction was the most frequent 
cognitive trouble(82.3%). Phenotypic spectrum included 33.4% PSP-RS, 21.7% PSP-parkinsonism (PSP-P), 10.8% 
PSP-corticobasal syndrom (PSP-CBD), 10.8% PSP-postural instability (PSP-PI), 8.7% PSP-primary progressive 
aphasia, 6.5% PSP-frontal (PSP-F), 4.3% PSP-oculomotor, 2.2% PSP-amyotrophic lateral sclerosis (ALS), 2.2% 
PSP-pure akinesia with gait freezing and 2.2% PSP-cerebellar ataxia. Mesencephalic atrophy was found in 23.5% of 
cases (in PSPS-RS,-P, -CBD and -PPA). PSP-PAGF had the youngest age at onset. Executive dysfunction and 
behavioral disorders were more marked in PSP-F. PSP-P and PSP-PI had the highest UPDRS scores (respectively 
49.6 and 62.5). PSP-RS had the best dopa responsiveness (33.5%). 
Conclusions: Our study showed the large phenotypic spectrum of PSP. In fact, all ten phenotypes described in 
MDS-PSP classification were found in our cohort. Defining different phenotypes may increase the accuracy of PSP 
diagnosis at early stages. Further studies are required to better specify the role of genetics, the singularities of our 
population and the subsequent prognostic and therapeutic implications. 

996 
Differentiation of Progressive Supranuclear Paralysis from Multisystem Atrophy and Parkinson's Disease by 
Cranial MRI 
E. Natera-Villalba, V. Ros-Castelló, A. Sánchez-Sánchez, A. Gómez-López, P. Pérez-Torre, J.L. López Sendón, I. 
Parées-Moreno, J.C. Martínez-Castrillo, A. Alonso-Cánovas (Madrid, Spain) 
Objective: To assess differences in cranial MRI between progressive supranuclear palsy (PSP), multisystem atrophy 
(MSA) and Parkinson's disease (PD) that support the clinical diagnosis. 
Background: Differentiating a patient with PSP from MSA or PD can be difficult because of overlapping 
symptoms, mainly in early stages. Midbrain-pons ratio (MPR) and Magnetic Resonance Parkinsonism Index 
(MRPI:pons area–midbrain area ratio multiplied by middle cerebellar peduncles [MCP] width–superior cerebellar 
peduncles [SCP] width ratio) have shown to be effective in differentiating radiologically PSP from MSA and PD. 
Recently it has emerged an interest in defining new morphological quantitative MRI parameters to help to 
differentiate parkinsonisms and to avoid misdiagnosis. 
Methods: Retrospective study patients diagnosed of PD, PSP and MSA in our Movement Disorders Unit using the 
international diagnostic criteria, who had undergone a cranial MRI with a 1.5T scanner. Two neurologists with 
experience in MD, blinded to patient´s diagnoses evaluated the MRIs. MRI parameters evaluated: MPR, MCP, SCP, 
third ventricle (3V) and frontal horn (FH) width, 3V/FH ratio, MRPI, cerebral interpeduncular angle (CIA). 
Interobserver concordance was evaluated. Data were analyzed through STATA14. 
Results: We studied 32 patients: 14 EP, 10 PSP, 8 MSA. Mean age: 71,2 (66,8-76.1). PD patients were older 
(p=0,0498). No significant differences in gender or time the evolution of the disease were found. PSP patients 
showed lower midbrain length and MPR (0,47), with higher MRPI, width of the 3V, 3V/FH ratio and MRPI 2.0, a 
combined evaluation of MRPI and 3V width (p<0,01 for all). CIA, FH width and P/M 2.0 showed a tendency to be 
higher in PSP patients. In MSA patients, MPC-width was lower (p<0,01) and hot cross bun was found more 
frequently (p<0,01) respect from the other groups. A significant interobserver concordance was found for CIA, 
MCP, MRPI, MRPI 2.0, 3V and FH width, and MPR, P/M 2.0, MCP/SCP and 3V/FH ratio. 
Conclusions: Our study corroborates that MRI parameters are useful to differentiate PSP from MSA and PD. Their 
measurement does not take long so it would be interesting to incorporate them into routine clinical practice to help 
in differential diagnosis between the different forms of parkinsonism. 
References: [1] Massey LA, Jäger HR, Paviour DC, O'Sullivan SS, Ling H, Williams DR, Kallis C, Holton J, 
Revesz T, Burn DJ, Yousry T, Lees AJ, Fox NC, Micallef C. The midbrain to pons ratio: a simple and specific MRI 
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sign of progressive supranuclear palsy. Neurology. 2013 May 14;80(20):1856-61. doi: 
10.1212/WNL.0b013e318292a2d2. [2] Eraslan C, Acarer A, Guneyli S, Akyuz E, Aydin E, Colakoglu Z, Kitis O, 
Calli MC. MRI evaluation of progressive supranuclear palsy: differentiation from Parkinson's disease and multiple 
system atrophy. Neurol Res. 2019 Feb;41(2):110-117. doi: 10.1080/01616412.2018.1541115. [3] Quattrone A, 
Morelli M, Nigro S, Quattrone A, Vescio B, Arabia G, Nicoletti G, Nisticò R, Salsone M, Novellino F, Barbagallo 
G, Le Piane E, Pugliese P, Bosco D, Vaccaro MG, Chiriaco C, Sabatini U, Vescio V, Stanà C, Rocca F, Gullà D, 
Caracciolo M. A new MR imaging index for differentiation of progressive supranuclear palsy-parkinsonism from 
Parkinson's disease. Parkinsonism Relat Disord. 2018 Sep;54:3-8. doi: 10.1016/j.parkreldis.2018.07.016. 

997 
Investigating the cellular role of LRRK2 in the immune system 
I. Nazish, R. Bandopadhyay (London, United Kingdom) 
Objective: The objective of this project is to investigate the effect of Leucine Rich-Repeat Kinase 2 (LRRK2) 
dysfunction in the signalling mechanisms in macrophages and the pathological processes in Parkinson’s disease 
(PD). 
Background: Mutations in the LRRK2 gene constitute the highest genetic risk factor for early-onset PD. LRRK2 is 
expressed strongly in macrophages and microglia indicating a link between LRRK2 and inflammation playing a 
critical role in PD neuropathology. However, there is still ambiguity in how LRRK2 dysfunction causes PD. The 
two LRRK2 kinase and GTPase enzymatic domains are highly druggable targets for potential PD therapies. LRRK2 
plays a wide range of cellular functions via different molecular mechanisms within the immune system which needs 
to be fully deciphered to understand LRRK2-related PD pathogenesis. 
Methods: We investigated LRRK2 phosphorylation dynamics in RAW264.7 macrophage cell lines (wild-type, 
T1348N-LRRK2 (artificial mutation that ablates GTP binding) and KO-LRRK2) following stimulation with 
lipopolysaccharide (LPS) and zymosan and pharmacologically inhibiting with four specific LRRK2 kinase 
inhibitors, GNE-7915, GNE-9605, MLi-2 and PF-06447475. LRRK2 phosphorylation was monitored at specific 
phosphorylation sites (Ser935, Ser955 and Ser910) using standard immunoblot procedures and secreted cytokines 
(Tumour Necrosis Factor-α (TNF-α), interleukin-6 (IL-6) and interleukin-10 (IL-10)) were measured using Enzyme-
linked Immunosorbent Assay (ELISA). ANOVA and T-test with Graph-PAD prism was used to analyse the 
statistically significant differences. 
Results: In wild-type cells, we observed a significant effect of both LPS (100mg/ml) and zymosan (200µg/ml) in 
phosphorylating LRRK2 at Ser935 and Ser955 in both dose (50 – 500ng/ml for LPS and 50 – 500µg/ml for 
zymosan) and time (2h – 24h) dependent manners with the four LRRK2 kinase inhibitors reversing the effect of 
LPS. Furthermore, there is an aberrant basal secretion of TNFα, IL-6 and IL-10 in the modified cells. 
Conclusions: LPS and zymosan significantly upregulate LRRK2 phosphorylation in wild-type cells with LPS 
comparatively showing a more sustained upregulation over time. All four specific LRRK2 kinase inhibitors 
downregulated phosphorylation at Ser935 and Rab8 which are readouts of LRRK2 kinase activity. Our data of 
aberrant cytokine basal secretion in modified cells indicate the involvement of LRRK2 and inhibitors in the immune 
processes of macrophages. 

998 
Ambulatory monitoring of electrodermal activity (EDA) and Heart Rate Variability (HRV) for prediction of 
motor fluctuations in Parkinson’s Disease (PD) 
D. Nene, P. Surathi, M. Mirian, W. Doo, M. McKeown (Vancouver, BC, Canada) 
Objective: To determine whether changes in EDA and HRV are associated with motor fluctuations in patients with 
PD 
Background: EDA and HRV are affected in individuals with PD. New wrist-worn sensors allow EDA and HRV to 
be monitored longitudinally, which may allow inference of sympathetic flow in PD patients, which in turn, may 
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allow prediction of pending motor fluctuations. Ideally, detectable subtle changes may occur before motor 
manifestations, and may serve as a reminder for taking medications. 
Methods: A total of 10 patients with Parkinson’s disease were recruited from the Movement Disorder Clinic at 
UBC. A data-driven method was employed to predict the ON/OFF status of patients wearing the Empatica E4 wrist-
worn sensor using their EDA and HRV data as well as their activity logs. Data was divided into 10 min epochs (5 
min before and 5 min after the time tagged by the patient) and, based on the activity logs were classified as “ON” or 
“OFF”. The R package of CARET was used to predict motor status based on EDA and HRV values. 
Results: Penalized Discriminant Analysis (PDA) validated by ten-fold cross validation could classify the EDA data 
with 63% accuracy (SD=0.04) and HRV data with 61% accuracy (SD=0.004). Combining features of HRV and 
EDA using PDA could classify the data with 70% accuracy (SD=0.06). 
Conclusions: There is an association between motor fluctuations in patients with PD and EDA/HRV data, however 
more study is required to determine if this can be used as a practical predictive tool. 

999 
Special features of parkinsonism with congenital anomalies of cerebral vessels 
A.s. Norboboev, F. Odinaev, G. Rakhmatullaeva (Tashkent, Uzbekistan) 
Objective: To study the features of the flow of parkinsonism with congenital anomalies of cerebral vessels. 
Background: Analysis of the study of neurological status, data of multispiral computed tomography (MSCT) with 
angiography, with in the diagnosis of congenital anomalies of cerebral vessels. 
Methods: 40 patients with abnormalities of cerebral vessels (25 women and 15 men) aged 42–57 years (mean age 
45 ± 2.2 years) were under our observation. 
Results: Angiodysplasias were found in all the examined 100%. Cerebral symptoms in the form of headaches- 
(100%), dizziness- (86%), postural instability- (65%), and in 45% of cases for a long time before the onset of the 
first symptoms of the disease impaired sense of smell, disturbed sleep, 37.7% increased sweating-23.9%. In 
neurostatus, 95% of cases prevailed, stiffness and puppet walk, amymia, 45% lack of physiological synkinesis, 
37.1% resting tremor, diffuse neurological symptoms. Analysis of data from multispiral computed tomography with 
angiography showed the presence of changes in 100% of cases. Moreover, pathological tortuosities in 
videgipoplasia, the absence of key elements of the Wils circle, kingking and coiling were more common in women, 
53% than in men, 47% and more in the internal carotid artery, 72.3%, 7%. In the group of patients with changes in 
the vertebral arteries, structural changes in the cervical spine were found. In addition, in a survey of 47.3% of 
patients, the vertebral artery hypoplasia, 25.5% of the middle cerebral artery and in 13.5% of the posterior 
connective artery were detected, indicating a hereditary etiology of angiodysplasias. 
Conclusions: Angiodysplasia of cerebral vessels can be a risk factor for the development of parkinsonism. 

1000 
Parkinsonian syndrome associated to C9orf72 expansion 
S. Novo Ponte, E. Gamo González, P. Sánchez Alonso (Majadahonda, Spain) 
Objective: To describe a case of parkinsonian syndrome associated to C9Orf72 expansion followed by ALS 
development 
Background: C9Orf72 expansions are known to be the most familial frequent cause of FTD and ALS. It has also 
been associated with movement disorders, as HD phenocopy, but also atypical Parkinsonism. These last patients 
have predominantly been described as suffering from hypokinetic-rigid syndrome without tremor, in association 
with upper motor neuron signs, cognitive dysfunction and psyquiatric syndromes among others. Previous references 
are found in literature, but not many cases have been described of the coexistence of parkinsonian syndrome 
followed by ALS 
Methods: 63 y.o woman consulted complaining about slowness of movements for the previous eight months. She 
was suffering from instability and gait disorder. 
She had recently been diagnosed with major depression. She had primary hypothyroidism treated with levothyroxine 
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and seasonal asthma. No other personal history or treatment was recorded. 
She had an interesting family history. Her father, two aunts on her father’s side and one brother had died from ALS. 
Her sister was being studied for a speech disorder with suspicion of bulbar ALS. 
Her physical examination showed normal cranial nerves, sensitivity, strength, trophism and coordination. Her 
tendon reflexes were universally brisk. Plantar reflexes were flexor. It also showed moderate hypophonia and 
hypomimia, mild rigidity in both left limbs, moderate bradykinesia in all four limbs, moderate slowness arising from 
chair, global akinesia, no resting or postural tremor, pull test was normal. Her gait was slow with decreased arm 
swing, hight and length of steps. 
Results: A complete laboratory analysis was performed finding no metabolic, vitamin, antibodies or serology 
alterations. Cranial MRI and DATSCAN were normal.  A test for C9Orf72 was requested for her and her sister, 
finding pathological number of repetitions of hexanucleotid in both. 
 
Six months after first visit she complained about weakness in upper limbs and exam confirmed mild atrophy of both 
of them. An electromyography was performed, and found denervation and active reinnervation in all explored 
muscles including bulbar and paraspinal. 
Conclusions: Family history was the clue of diagnosing this patient even before she developed lower motor signs. 
We ought to keep in mind C9Orf72 expansions as possible cause of atypical Parkinsonism in the presence of family 
history of ALS or FTD 
References: 1. CarloWilke. Hohn K Pomper Saskia Bisku Cornelia Puskás Daniela Berg, Matthis Synofzik. 
Atypical parkinsonism in C9Orf72 expansions: a case report and systematic review of 45 cases from literature J 
Neurol, 2016 Mar;263(3):558-74. doi: 10.1007/s00415-016-8021-7. Epub 2016 Jan 25 2. Cooper-Knock J, Frolov 
A, Highley JR, et al. C9ORF72 expansions, parkinsonism, and Parkinson disease: a clinicopathologic study. 
Neurology. 2013;81(9):808-11. 3. Dejesus-Hernandez M, Rayaprolu S, Soto-Ortolaza AI, et al. Analysis of the 
C9orf72 repeat in Parkinson's disease, essential tremor and restless legs syndrome. Parkinsonism Relat Disord. 
2012;19(2):198-201 

1001 
Glabellar tap predicts dopamine transporter deficiency in parkinsonism 
S. Nuuttila, J. Joutsa, M. Eklund, E. Jaakkola, E. Mäkinen, T. Noponen, T. Ihalainen, F. Scheperjans, V. Kaasinen 
(Turku, Finland) 
Objective: The objective of this study was to investigate the association between glabellar tap findings with 
nigrostriatal dopamine function in patients with unclear parkinsonism. 
Background: Striatal DAT deficiency is a hallmark of neurodegenerative parkinsonism syndromes. Diagnostics of 
these syndromes is currently mainly based on clinical characteristics. Brain presynaptic dopamine imaging can be 
used to differentiate unclear cases by evaluating striatal dopamine deficit. However, imaging is not always available, 
and it is associated with costs and ionizing radiation. Testing primitive reflexes, such as glabellar tap test, can be 
helpful in differential diagnostics but the value of these tests and their association with brain dopamine deficit are 
not well characterized. The purpose of this study was to investigate the association between glabellar tap findings 
with nigrostriatal dopamine function in patients with unclear parkinsonism. 
Methods: In this cross-sectional study, we performed glabellar tap on 327 patients with unclear parkinsonism 
immediately prior to diagnostic dopamine transporter (DAT) [I-123] FP-CIT SPECT imaging. Specific putamen 
DAT binding was used to measure presynaptic nigrostriatal dopamine function. Putamen binding was compared 
between patients with abnormal (>3 taps before habituation) and normal (max. 3 taps) glabellar tap reflex using the 
two-sample t-test. Furthermore, putamen binding was correlated with glabellar tap results using Pearson’s 
correlation coefficient. 
Results: Putamen DAT binding was lower in the abnormal compared to normal glabellar tap group [mean (SD) 2.04 
(0.81) vs. 2.54 (0.79), p<0.001]. The result remained highly significant when controlled for age and gender 
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(p=0.001). In addition, there was a negative correlation between DAT binding and glabellar tap score (r=-0.30, 
p<0.001), which again remained significant after adjusting for age and gender (r=-0.30, p<0.001). 
Conclusions: Abnormal glabellar tap reflex is associated with lower levels of presynaptic striatal DAT binding in 
patients with unclear parkinsonism. This finding suggests that glabellar tap could be a useful clinical test for 
differential diagnostics in this population and possibly reduce the need for molecular brain imaging. 

1002 
Multiple system atrophy with predominant striato-nigral degeneration (MSA-P) and TDP-43 pathology: an 
unusual pathologic variant of MSA 
L. Nwabuobi, D. Tomishon, N. Shneider, S. Fahn, J. Vonsattel, E. Cortes (New York, NY, USA) 
Objective: To report a patient with MSA with concomitant occurrence of TDP-43-labeled and a-synuclein labeled 
inclusions in oligodendrocytes. 
Background: The pathologic hallmark in multiple system atrophy (MSA) is oligodendrocytic glial cytoplasmic 
inclusions (GCI) containing a-synuclein, in addition to neuronal loss and astrogliosis especially involving the 
striatonigral and olivopontocerebellar systems.(1) Rarely, TAR DNA-binding protein of 43 kDa (TDP-43), a 
component of ubiquitinated inclusions seen mainly in amyotrophic lateral sclerosis (ALS) and frontotemporal lobar 
degeneration (FTLD) has been demonstrated in cases of MSA and more recently, was shown to colocalize with a-
synuclein pathology in GCIs in two patients.(2,3) Due to a relative lack of TDP-43 in GCIs in younger patients, it is 
not clear if this is a pathologic finding or an age-related change. 
Methods: A 66-year-old woman presented with a syndrome characterized by spasticity, dysautonomia, bulbar 
dysfunction, and Parkinsonism, responsive to Carbidopa/Levodopa. Symptoms progressed until her death at age 74. 
Neuropathologic evaluation was performed at the New York Brain Bank at Columbia University. 
Results: Macroscopically, there was striking severe volume loss of the left striatum compared to mild involvement 
of the right striatum. The caudal level of the left putamen was severely atrophic and the globus pallidus was 
markedly smaller than normal. Microscopically, the neuronal loss and gliosis of the putamen and globus pallidus 
were severe on the left side, in contrast to the mild involvement on the right side. Immunohistochemistry for a-
synuclein revealed widespread GCIs. The sections subjected to TDP-43 antibodies showed a few lenticular GCIs 
with definite nucleo-cytoplasmic translocation of the labeling as well as within the paracentral cortex. 
Conclusions: This report adds to the evidence that TDP-43 anda-synuclein do occur in GCIs.  Whether the 
coexistence of the synucleinopathic burden and the TDP-43 findings contributes to the pathogenesis of a subset of 
MSA patients or is coincidental is not known. More cases with these peculiar pathologic hallmarks might help 
determine whether or not there is a pathogenic interaction between these two proteins, and whether TDP-43 
contributes to neurodegeneration in a subset of patients with MSA. 
References: 1. Ramirez EP, Vonsattel JP. Neuropathologic changes of multiple system atrophy and diffuse Lewy 
body disease. Semin Neurol. 2014 Apr;34(2):210-6 2. Geser F, Malunda JA, Hurtig HI, Duda JE, Wenning GK, 
Gilman S, Low PA, Lee VM, Trojanowski JQ. TDP-43 pathology occurs infrequently in multiple system atrophy. 
Neuropathol Appl Neurobiol. 2011 Jun;37(4):358-65 3. Koga S, Lin WL, Walton RL, Ross OA, Dickson DW. TDP-
43 pathology in multiple system atrophy: colocalization of TDP-43 and α-synuclein in glial cytoplasmic inclusions. 
Neuropathol Appl Neurobiol. 2018 Dec;44(7):707-721 

1003 
Parkinson’s Disease Hampers Participation in the Civic Responsibility of Voting: a study of barriers to 
expression of a fundamental human right 
O. OGUNTUNDE, O. OJO, O. AGABI, M. RIZIG, N. OKUBADEJO (Lagos, Nigeria) 
Objective: To determine the impact of PD on the participation of persons with Parkinson disease in the recently 
concluded national elections in Lagos,Nigeria, and explore the patients’ perspectives of the PD features impacting 
on their ability to participate 

This article is protected by copyright. All rights reserved.



Background: A common source of fulfillment for most adults living in a democracy is the ability to perform the 
basic civic duty of participating in elections by voting, a fundamental human right in democracies. Diseases that 
limit social functioning and mobility may hamper such participation, particularly where the process demands the 
physical presence of the participant 
Methods: We designed a brief telephone survey to explore the intention to vote in the elections conducted in 
February 2019 (expressed as prior registration to vote), actual participation in the voting process, and PD-related 
factors hampering or hindering participation (self-declared by the participants). Potential participants were randomly 
selected from the electronic database of the Movement Disorders Clinic at the Lagos University Teaching Hospital, 
Lagos Nigeria. 
Results: 66 of 67 contacted PD patients accepted to participate,44 men (66.7%) and 22 women (33.3%),mean age of 
65.0±10.3 years (significantly higher in women – 69.0 ±8.7 compared to men – 63.0±10.5; p=0.02). Median Hoehn 
and Yahr stage was 2.0. Voter registration rate was 77.3% (51/66), lower in women (15/22, 68.2%) than in men 
(36/44, 81.8%), p=0.21. Of those who did not register, PD was given as the reason in 11/15 (73.3%), and the PD 
features alluded to as the barrier was gait difficulty (45.5%), tremors (36.4%), difficulty standing, slowness (27.3% 
respectively), falls or fear of falls, stiffness, and small handwriting (18.2% each). Amongst registered voters, 27/51 
(52.9%) did not eventually participate in voting. PD was the reason for not eventually voting in 8/27 (29.6%), and 
that was mainly due to difficulty walking (37.5%), slowness (37.5%), tremors (25%), and fatigue (12.5%). Of the 24 
that eventually voted, difficulty related to PD was expressed in 11 (45.8%) comprised of tremors (72.7%), slowness 
(36.4%), gait difficulty (27.3%), and stiffness (9.1%). 
Conclusions: Parkinson disease impairs the ability to exercise the civic responsibility of voting despite an intention 
to participate expressed by registering to vote. 

1004 
Blood brain barrier dysfunction cause idiopathic adult onset ventriculomegaly? 
E. Oh, H. Chang, S. Kim, S. KIM, J. Heo (Daejeon, Republic of Korea) 
Objective: Our hypothesis is BBB disruption causes idiopathic adult onset ventriculomegaly (IAOV) also, astrocyte 
specific mitochondrial dysfunction is associated with BBB damage. 
Background: The cause of IAOV which mentioned generally normal pressure hydrocephalus did not known yet. 
However, dysfunction of blood brain barrier (BBB) affects reabsorption of cerebrospinal fluid (CSF) and patients 
with IAOV observed high resistance for absorption of CSF, in many studies. BBB consisted of astrocyte and 
endothelial cells, also the tight junctions which regulate paracellular transport need high energy such as ATP. 
Methods: A total of 20 patients and 20 age-matched controls were included. The patients with IAOV who showed 
triad such as gait disturbance, urinary urgency and cognitive impairment, besides, Evan’s ratio > 0.3 in brain MRI 
were enrolled. Age-matched controls were selected who did not have neurological symptoms. The CSF markers 
stand for the BBB disruption therefore astrocyte specific markers which associate with mitochondria dysfunctions 
were selected. LCN2, HMGb1, FGF21, GDF15 levels (pg~ng/ml) of CSF were analyzed using ELISA kit, and these 
levels were compared between patients and age-matched controls. 
Results: The FGF21 levels in CSF between two groups did not showed statistical significance (p = 0.157). And 
GDF15 levels in CSF also showed any difference (p = 0.174). However, LCN2 (astrocyte specific markers) levels in 
CSF were detected significantly higher in IAOV patients group than controls (p < 0.023). Furthermore, HMGb1 
levels which stand for mitochondrial damage showed definite higher in patients’ CSF than controls (p < 0.044). 
Conclusions: In this study, LCN2 and HMGb1 levels in CSF which associated with astrocyte specific mitochondrial 
dysfunction were increased in IAOV patients. Therefore, the BBB damage caused by age related mitochondrial 
dysfunction is a kind of pathomechanism in IAOV. 
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1005 
Efficacy, Safety, and Tolerability of Supratherapeutic Doses of Apomorphine Sublingual Film for the 
Treatment of “OFF” Episodes in Patients With Parkinson’s Disease 
C. Olanow, F. Stocchi, K. Wilks, E. Peckham, M. De Pandis, K. Sciarappa, R. Kleiman, D. Blum, B. Navia (New 
York, NY, USA) 
Objective: To evaluate efficacy, safety, and tolerability of supratherapeutic doses of apomorphine sublingual film 
(APL-130277; APL) in patients with Parkinson’s disease (PD) and “OFF” episodes. 
Background: Patients with PD develop “OFF” episodes, a common complication that may negatively impact 
quality of life. APL was found to be effective and generally well tolerated in a 12-week, double-blind, placebo-
controlled, randomized Phase 3 trial. 
Methods: Patients with PD on stable medications without antiemetics who demonstrated drug withdrawal–induced 
“OFF” episodes were eligible. Patients received increasing doses of APL (10–60 mg) until a FULL “ON” response 
was achieved, and then received 2 additional supratherapeutic doses, if tolerated (maximum 60 mg). Differences in 
efficacy between the lowest dose resulting in a FULL “ON” response (low) and the highest supratherapeutic dose 
received (high), if different, were explored by comparing changes in Movement Disorders Society Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III scores from predose to 30, 60, and 90 minutes postdose 
using a Repeated Measurements model. Time to and duration of FULL “ON” were evaluated using Kaplan-Meier 
analysis. 
Results: Forty-eight patients received ≥1 dose of APL (safety population); 35 were evaluable for exploratory 
efficacy analyses. The dose to FULL “ON” was ≤20 mg for 79% of patients. Superior mean reduction in MDS-
UPDRS Part III scores was observed for high- vs low-dose APL (least squares mean ± standard error difference was 
–5.5±2.47; P=0.0325,–4.9±1.63; P=0.0052, and –3.7±1.50; P=0.0190 at 30, 60, and 90 minutes postdose, 
respectively). Median time to FULL “ON” (30 minutes), earliest observed time to FULL “ON” (10 minutes), and 
probability of patients with a FULL “ON” duration of ≥50 minutes (~90%) were similar between doses. The most 
common treatment-emergent adverse events (TEAEs) were nausea (56%), somnolence (25%), vomiting (19%), and 
dizziness (17%); these were generally transient and mild to moderate in severity. No serious TEAEs or deaths were 
reported. 
Conclusions: Administration of APL at doses above those necessary to produce an apparent FULL “ON”, without 
antiemetics, may provide additional benefits in the treatment of “OFF” episodes. 

1006 
Pharmacokinetics of Accordion Pill™ Carbidopa/Levodopa Following Multiple Doses in Patients With 
Parkinson’s Disease 
C. Olanow, F. Stocchi, M. Leinonen, N. Navon, J. Meckler, R. Gendreau (Sarasota, FL, USA) 
Objective: To perform a pharmacokinetic (PK) assessment of a novel carbidopa/levodopa drug delivery system 
(AP-CD/LD) and to determine if multiple doses of AP-CD/LD can provide relatively continuous delivery of LD 
compared with immediate-release (IR)-CD/LD in participants with Parkinson’s disease (PD). 
Background: Stable plasma concentrations of CD/LD are associated with a reduced risk of motor complications in 
patients with Parkinson’s Disease (PD). The AP-CD/LD drug delivery system is based on gastric retention of 
multilayer films containing both IR and controlled-release LD to provide LD plasma levels with a long elimination 
half-life (approximately 7 hours). 
Methods: This open-label crossover study compared the PK of AP-CD/LD 500mg dosed thrice daily TID with 1.5 
tablets of standard IR-CD/LD 25mg/100mg dosed 5x daily. Eligible participants presented to the clinic on day 1 in 
the practically-defined OFF state and were treated with standard IR levodopa at 3-h intervals. PK assessments were 
performed every 30 min for 16 h and again at 24 h. Participants were discharged and instructed to take AP-CD/LD 
50mg/500mg TID at 5-h intervals. Participants returned to the clinic on day 8 in the practically-defined OFF state 
and received AP-CD/LD at 0, 5, and 10 h. PK assessments were performed as described on day 1. The primary 
endpoint was the LD fluctuation index ([Cmax – Cmin]/Caverage) at steady state (4 to 16 h). Secondary endpoints 
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included coefficient of variation (CV) at steady state as well as standard PK (Cmax, tmax, Cmin, AUC), and 
elimination half-life (t1/2), and safety and tolerability. 
Results: 12 PD patients participated in the study. Treatment with AP-CD/LD 50mg/500mg TID resulted in 
significantly less variability in LD plasma concentration versus standard IR-CD/LD therapy with a mean difference 
in fluctuation index (95% confidence interval) of 0.63 (0.24 – 1.03; P=0.005). Similar results were observed for all 
sensitivity analyses and for the key secondary endpoint of the LD coefficient of variation (P=0.047). No adverse 
events were reported with AP-CD/LD 50mg/500mg treatment. 
Conclusions: As reduced variability in plasma LD concentration has been associated with reduced motor 
complications, these preliminary results suggest that treatment with AP-CD/LD may reduce motor complications 
compared with standard IR-CD/LD treatment in advanced PD patients. 

1007 
Safety and Tolerability of Apomorphine Sublingual Film During Maintenance Treatment in Patients With 
Parkinson’s Disease and “OFF” Episodes: A Pooled Analysis 
W. Ondo, A. Ellenbogen, S. Isaacson, A. Espay, C. Singer, P. Bhargava, M. Worden, D. Blum, B. Navia (Houston, 
TX, USA) 
Objective: To examine safety and tolerability of apomorphine sublingual film (APL-130277; APL) during 
maintenance treatment using pooled data from 4 clinical studies in patients with Parkinson’s disease (PD) and 
“OFF” episodes. 
Background: APL was found to be effective and generally well tolerated as an acute, intermittent treatment for 
“OFF” episodes in patients with PD in a controlled Phase 3 trial. 
Methods: Adult levodopa-responsive patients with PD and “OFF” episodes exposed to ≥1 dose of APL (10–60 
mg/dose) were included in this pooled analysis. Treatment-emergent adverse events (TEAEs) were reported using 
descriptive statistics. Time to first onset of TEAEs was assessed using Kaplan-Meier analysis. 
Results: Among the 285 unique patients in the pooled maintenance treatment phase, median exposure was 85 days 
(range, 1–283 days) and half received APL for 3 to <9 months. Overall, 75% of patients reported ≥1 TEAE; the 
most common (≥5%) were nausea (17%), somnolence (7%), dizziness (6%), fall, fatigue, lip swelling, oral mucosal 
erythema, vomiting, and yawning (5% each). As a category of special interest, oropharyngeal TEAEs were the most 
common occurring in 29% of patients. Overall, TEAEs led to APL discontinuation in 25% of patients, with 
oropharyngeal TEAEs being the most common reason for discontinuation. Incidence of TEAEs was similar among 
patients receiving APL doses <35 mg (75%) and ≥35 mg (73%); the lowest incidence reported was with the 10-mg 
dose (63%), with no trends observed across higher doses. Time to first TEAE was <1 week for 32% of patients, ≥1–
12 weeks for 54% of patients, >12–24 weeks for 22% of patients, and >24 weeks for 7% of patients. The only TEAE 
with a first onset <1 week and reported by ≥5% of patients was nausea (9%). 
Conclusions: During the pooled maintenance treatment phase, APL was well tolerated and observed TEAEs were 
generally mild to moderate. Safety findings were consistent with known effects of apomorphine and dopamine 
agonists except for local site reactions associated with sublingual administration. 

1008 
Parkinson's Disease Presentation in Calabar, Nigeria 
S. Oparah, U. Williams, J. Mwankon (Calabar, Nigeria) 
Objective: To create a database and describe the presentation of Parkinson's disease patients at the sole tertiary 
hospital in Calabar, southern Nigeria. 
Background: Parkinson's disease is the most common movement disorder in Nigeria, despite the low country 
prevalence. Data on the characteristics of Parkinson's disease in southeastern Nigeria is sparse. Although the 
features of the disease are well known, patients show variations in prominence of component symptoms; hence, the 
use of terms like “tremor dominant”. Disease progression has been linked to the dominant symptom. 
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Methods: This was an observational study, over three years, on consecutively presenting Parkinson's disease 
patients, at their initial presentation at the University of Calabar Teaching Hospital. Patient assessment hinged on 
self-reported symptoms and evaluation by physicians. Parkinson`s disease was diagnosed on presenting with motor 
features of parkinsonism in addition to lack of any identifiable secondary cause of parkinsonism, absence of atypical 
features and asymmetry of symptom manifestations at the initial stage. The physicians obtained data on patients' 
demographics and pattern of the disease presentation. The self-reported age at the onset of motor manifestations of 
Parkinson's disease was recorded as the age at onset. The interval from onset of motor symptoms to the time of 
presentation at the clinic was noted as the duration of illness. 
Results: The subjects comprise 42 patients, with mean age of 65.7 years ± 11.77. The mean age at onset was 62.4 
years ± 12.68. The duration of symptoms ranged from three months to 22 years, with a mean of 3.2 years ±3.58, and 
sex specific mean values of 4.1 years ± 4.39 and 1.9 years ± 0.97 for the male and female patients, respectively (p= 
0.023). 28.6%, 64.3% and 7.1% of the participants were at stages I, II and III of the Hoehn and Yahr scale, 
respectively. Tremor (97.6%) and rigidity (83.3%) were the top motor symptoms. 78.6% had non motor symptoms, 
with constipation (40.5%) and REM sleep disorder (40.5%) as the most common. 
Conclusions: Parkinson's disease in Calabar is tremor dominant with age of onset in the seventh decade of life. 
Constipation and REM sleep disorder are the most common non motor symptoms. Male patients with Parkinson's 
disease do not present early in the region. 
References: [1] Okubadejo NU, Bowen JH, Rocca WA, Maraganorc DM. Parkinson`s disease in Africa: A systemic 
review of epidemiologic and genetic studies. Movement Disorders 2006; 21 (12): 2150 – 2156. [2] Akinyemi RO, 
Okubadejo NU. Movement Disorders in Africa: A review. Archives of Ibadan Medicine (Special Neuroscience 
Edition) 2010;10: 58 – 64. [3] Owolabi LF, Ibrahim A, Aliyu S. Clinical profile of Parkinsonian disorder in the 
tropics: Experience of Kano, North western Nigeria. J Neurosci Rural Pract 2012; 3: 237 – 241. [4] Jankovic J. 
Parkinson`s disease: Clinical features and diagnosis. J Neurol Neurosurg Psychiatry 2008; 79: 368 – 376. [5] 
Dotchin CL, Msuya O, Walker RW. The challenge of Parkinson's disease management in Africa. Age Ageing 2007; 
36: 122 – 127 [6] Pont-Sunyer C, Hotter A, Gaig C, Seppi K, Compta Y, Katzenschlager R et al. The onset of non 
motor symptoms in Parkinson`s disease (the ONSET PD study). Movement Disorders 2015; 30: 229 – 237. 

1009 
Diplopia and visual complaints in non-demented patients with Parkinson disease: a Japanese single center 
cross-sectional survey 
K. Ota, K. Takahashi, K. Seo, H. Kawasaki, K. Ikeda, T. Mitsufuji, T. Fukuoka, Y. Ito, Y. Nakazato, N. Tamura, N. 
Araki, T. Yamamoto (Saitama-ken, Japan) 
Objective: To investigate the characterization of diplopia and visual complaints including minor forms of 
hallucinations (mHals) in non-demented patients with Parkinson disease (PD). 
Background: Double vison has been frequently ignored and one of unmet needs in PD patients. It has been reported 
that 20.0% of PD patients complained diplopia in the international large study using Nonmotor Symptoms 
Questionnaire (Martinez-Martin P et al, 2007). However, little is known about the clinical manifestation of diplopia 
related to mHals and motor off-fluctuations (MFs). 
Methods: A single center cross-sectional survey on outpatients. Patients; clinically probable PD patients diagnosed 
by MDS clinical diagnostic criteria with cardiac sympathetic denervation on MIBG scintigraphy. Consecutive PD 
patients without dementia and complex visual hallucinations received a structured interview about visual problems 
which were focused on the details of binocular diplopia, the existence of mHals, the relationship to MFs and 
improvement of diplopia after levodopa treatment. 
Results: In 60 PD patients (age, 72.5 ± 7.5 years old; PD duration, 6.0 ± 3.1 years; mean ± SD), 45% (n=27) 
experienced diplopia. Patients with diplopia showed significantly longer disease duration of PD, higher Hoehn & 
Yahr staging (H&Y) and higher daily levodopa equivalent dose (LED) (PD duration, 6.7 ± 2.9 years; H&Y,2.7 ± 
0.7; LED, 585 ± 245 mg) compared to those without diplopia (PD duration, 5.3 ± 3.1 years; H&Y, 2.3 ±0.6; LED, 
419 ± 238 mg, p<0.05, respectively). Diplopia was described as a frequent symptom (rare, 15%; frequent, 19%; 
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often, 44%; very often, 22%) with mostly mild severity (mild, 67%; moderate, 33%). Double vison resulted in visual 
problems was reported as horizontal (74%), vertical (19%) or oblique (4%). The mHals with insight (i.e. feelings of 
passage, non-formed hallucinations) were reported significantly more often among the patients with diplopia (n=15, 
56%) compared to those without diplopia (n=2, 6%; p<0.01). Patients with diplopia had significantly more MFs 
(n=13, 48%) compared to those without diplopia (n=7, 21%; p<0.05). 
Conclusions: We revealed that diplopia was associated with not only minor forms of hallucinations, but off period-
symptom related to MFs. Therefore, intermittent phase of diplopia associated with MFs may be potentially 
responsive to levodopa treatment. 

1010 
Cognitive dysfunction can predict the body weight loss in patients with Parkinson’s disease 
R.W. Ou, Q.Q. Wei, Y.B. Hou, X.Q. Yuan, H.F. Shang (Chengdu, China) 
Objective: The objective of this study was to examine the predictors of body weight loss in PD patients over years. 
Background: Early body weight loss in parkinsonism has prognostic significance, and targeted interventions to 
prevent it may improve long-term outcomes. However, the evolution and determinants of body weight loss in 
Parkinson’s disease (PD) are not well established. 
Methods: We examined the percentage of body weight change over years among 152 newly diagnosed PD patients 
at baseline. Body weight were recorded both at baseline and follow-up visit. The Hoehn and Yahr (H&Y) stage and 
Unified PD Rating Scale (UPDRS) part III score were used to evaluate the severity of motor symptoms. The 
Montreal Cognitive Scale (MoCA), Frontal Assessment Battery (FAB), Hamilton Depression Rating Scale (HDRS) 
and Hamilton Anxiety Rating Scale (HARS) were used to assess the severity of non-motor symptoms. The change 
of body weight > 5% were considered as body weight loss. 
Results: We included 68 men and 84 women, with a mean age of 57.0 ± 12.4 years and a mean duration of 2.3 ± 3.3 
years. We collected data again 2.4 ± 1.0 years (range from 0.8 to 6.1 years) after the first visit. Thirty-four PD 
(22.4%) patients with body weight loss over the entire follow-up visit. Patients with body weight loss exhibited 
higher UPDRS part III score, higher H&Y score and lower MoCA score at baseline compared with those without 
body weigh loss (P<0.05). The body weights of PD patients at baseline were 59.3 ± 9.6 kg, while those at follow-up 
visit were 59.0 ± 9.8 kg. Univariate cox regression analysis indicated that age, disease duration, PD family history, 
freezing of gait and MoCA score were associated with the body weight loss in PD (P<0.05). In the multivariable 
analysis of COX model, disease duration (HR=0.316, 95%CI=0.207-0.515, P<0.001) and MoCA score (HR=0.921, 
95%CI=0.873-0.973, P=0.003) were the independent prognostic risk factors for body weight loss in PD. 
Conclusions: Our study indicates that cognitive dysfunction can predict the body weight loss in patients with PD. 

1011 
Deciphering the role of posttranslational modifications on α-synuclein aggregation and toxicity 
T. Outeiro (Goettingen, Germany) 
Objective: The precise contribution of alpha-synuclein (ASYN) to neuronal dysfunction and death is still unclear. 
There is intense debate on the nature of the toxic species of ASYN, and little is still known about the molecular 
determinants of oligomerization and aggregation of ASYN in the cell. Thus, we are investigating the role of 
posttranslational modifications (PTMs) on aSyn biology and pathobiology. 
Background: The aggregation of ASYN in Lewy bodies and Lewy neurites is the typical pathological hallmark of 
Parkinson’s disease (PD) and other synucleinopathies. Furthermore, mutations in the gene encoding for ASYN are 
associated with familial and sporadic forms of PD, suggesting this protein plays a central role in the disease. 
Methods: By taking advantage of studies in model organisms, we are investigating the effect of various 
posttranslational modifications on the toxicity and aggregation of ASYN. 
Results: We found that PTMs such as glycation and acetylation affect ASYN aggregation. In addition, we are also 
defining the molecular mechanisms triggered by extracellular forms of ASYN, a process associated with the 
spreading of pathology. 
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Conclusions: In total, our data shed light into the molecular underpinnings of synucleinopathies, opening novel 
perspectives for future therapeutic interventions. 

1012 
Motor and non-motor symptoms in the prediagnostic phase of progressive supranuclear palsy: the Step-Back 
PSP study. 
C. Painous, C. Simonet, A. Garrido, N. Caballol, M. Guasp, A. Cámara, F. Valldeoriola, J.E. Muñoz, M.J. Martí, Y. 
Compta (Barcelona, Catalonia) 
Objective: To compare motor and non-motor symptoms in the prediagnostic phase of progressive supranuclear 
palsy (PSP) with control subjects without neurodegenerative disease (C) as well as Parkinson’s disease (PD) patients 
from a University Hospital Movement Disorder’s Unit. 
Background: The new category “suggestive of” in the MDS PSP diagnostic criteria could allow an early diagnosis. 
However there is still limited information about prediagnostic motor and non-motor PSP symptoms, which might 
provide information on when and how PSP starts as well as the opportunity to more reliably test experimental 
therapies compared to advanced disease stages. 
Methods: This is a retrospective case-control study based on clinical charts review and a structured questionnaire 
administered to the patients and their caregivers. We included 134 subjects: 44 probable PSP patients (39% females, 
age 77±7) and an age and sex matched control group of 46 PD patients and 44 C. Prediagnostic symptoms were 
those present at least one year before the diagnosis. We explored 39 symptoms in the following domains: visual, 
motor, cognitive, mood, gastrointestinal/urinary, dizziness and miscellaneous. Comparative analysis was done using 
non-parametric tests. Significance threshold was set at <0.05 with FDR correction for multiple comparisons. 
Results: Richardson’s syndrome was the most frequent phenotype (56.8%), followed by PSP-parkinsonism (18.2%) 
and PSP-freezing (18.2%). The most frequent prediagnostic symptoms in PSP patients were motor symptoms 
(86.4%; falls 52%, gait disorders 46%), mood disturbances (43.18%; sadness 34%, anxiety 22%), visual symptoms 
(34%) and dizziness (27%). Falls and mood disturbances were the earliest features and were present 3.5 to 10 years 
before diagnosis in a 50% and a 30%, respectively. PSP patients had more falls (p < 0.001), gait disturbances (p < 
0.001), dizziness (p < 0.007), cognitive (p <0.004) and visual problems (p< 0.003) than PD patients who showed 
more tremor (p <0.04), nightmares (p <0.03), nocturnal movements (p <0.03) and constipation (0.003). PSP patients 
had more consultations to ENT and ophthalmologist before the diagnosis than C. 
Conclusions: Falls and mood disturbances were the most frequent features among a wide range of prediagnostic 
motor and non-motor PSP symptoms, suggesting that a prediagnostic or prodromal phase can be identified in PSP. 
References: [1]. Hoglinger G, Respondek G, Stamelou M, et al. Clinical Diagnosis of Progressive Supranuclear 
Palsy - The Movement Disorder Society Criteria. MovDisord. 2017 Jun;32(6):853-864. 

1013 
Postural alterations in patients with Progressive Supranuclear Palsy 
C. Palmisano, M. Todisco, V. Maltese, R. Cilia, N. Pozzi, A. Canessa, M. Canesi, J. Volkmann, C. Frigo, G. Pezzoli, 
I. Isaias (Würzburg, Germany) 
Objective: Biomechanical assessment of postural imbalance in patients with Progressive Supranuclear Palsy (PSP) 
Background: PSP is a neurodegenerative disease characterized by early impairment of balance and frequent falls. 
Biomechanical features underlying postural imbalance in these patients are largely unknown. 
Methods: We recruited 21 patients with PSP (8M; age: 67.4±5.1ys; disease duration: 5.4±2.7ys) and 12 age- and 
gender-matched healthy controls (HC) (7M; age: 65.1±3.7ys). Posturography was performed with two 
dynamometric platforms (Kistler). We recorded three trials (30s each) of quite standing with eyes open and arms 
down by the side of the body. The PSP Rating Scales (PSPRS) was calculated at the time of examination. We used 
ad hoc Matlab algorithms to describe all conventional posturography measurements (e.g. antero-posterior [AP] and 
medio-lateral [ML] excursion and velocity of the Centre of Pressure [CoP]). We also calculated the percentage of 
observation of CoP displacement falling at boundaries of CoP displacement (Extreme 40% observation of AP and 
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ML CoP displacement [E40AP and E40ML]) as a possible index of risk of falling in PSP. We computed only 
measurements not influenced by anthropometric parameters and base of support. 
Results: The area of the ellipse (cm2) described by the CoP as well as the mean distance (mm) and root mean 
square (mm) significantly differed between HC and PSP patients (HC: 95.4±53.4, 4.1±1.3, 4.8±1.5, and PSP: 
185.9±107.1, 6.7±2.3, 7.9±2.7, Wilcoxon p<0.05 all) and correlated with the “PSPRS Limb motor” subscore 
(Spearman’s ρ 0.51, 0.53 and 0.56 respectively). Both E40AP and E40ML measurements also differed between the 
two cohorts (HC: 17.5±3.2%, 17.3±4.1% and PSP 24.0±5.1%, 21.9±6.6%, Wilcoxon p<0.05 all) and correlated with 
“PSPRS gait and midline” subscore (Spearman’s ρ 0.52 and 0.65, respectively). 
Conclusions: Postural control was severely impaired in PSP patients as shown by larger CoP displacement with 
respect to HC. The rigidity and bradykinesia prevented patients to counteract promptly perturbations of the Centre of 
Mass and efficiently control balance. The inability to modulate motor transitions was correlated to a longer 
permanence of the CoP at the boundaries of its excursion, reflecting poor control of CoP position. This measurement 
could be of use to monitor (sub-)clinical changes in prospective interventional studies. 

1014 
High cost of medications for Parkinson’s Disease patients in a rural population of Gujarat, India 
A. Pandya, E. Albert-Stone, A. Deb, S. Desai (Worcester, MA, USA) 
Objective: To understand the economic burden of the cost of Parkinson’s Disease (PD) medications for outpatients 
receiving care at Shree Krishna Hospital (SKH)  in Karamsad, Gujarat, India. The analysis of the cost of 
medications for PD has not previously been studied in Gujarat. 
Background: Patients in developing countries such as India have difficulty affording medications or non-
pharmacological interventions for management of PD. The annual gross national income (GNI) in India was US 
$1800 in 2017 (1) and only 3% of the Indian population has medical insurance (2). A prior study noted that patients 
spent nearly 16-42% of the average GNI to buy medications for PD, which is unaffordable for many patients (2). 
Methods: A retrospective chart review of PD patients who came to the Movement Disorders clinic of SKH between 
January 1st, 2017 - July 31st, 2018 was completed. Records were reviewed for severity and duration of disease as 
well as prescribed medications. The cost of medications was investigated using the hospital pharmacy records. The 
cost of testing, physiotherapy, rehabilitation, travel to and from appointments, and consultation charges was not 
recorded. 
Results: Charts were reviewed of 81 patients with PD (men, 57 [70%]; women, 24 [30%]). The average age of 
patients was 68 (SD: 8.14). Sample mean duration of disease was 3.3 years (SD: 3.3) and the average Hoehn & Yahr 
stage was 2.4.  Almost all patients (96%) were taking carbidopa/levodopa. The average daily pill burden of all 
medications (dopaminergics and non-dopaminergics) was 9.3 (SD: 3.7). The mean yearly cost of PD’s movement 
related dopaminergic medications was 8,733 rupees [USD $123] (SD: 6,764), and the mean yearly cost of only 
carbidopa/levodopa was 3,451 rupees [USD $49] (SD: 2,086). 
Conclusions: PD imposes a high cost due to its chronic nature and necessitates multiple medications for 
symptomatic management. In the US, where GNI was $58,270 in 2017 (3), the average yearly cost of medical care 
for PD is $22,800 per patient (4).  In Gujarat, India, patients diagnosed with PD spent 6.8% of per capita GNI on 
medications for treatment of PD. If the cost of medications can be subsidized, then affordable treatment can be 
provided to a larger number of people living in rural Gujarat. Transparency about the cost of PD medications can 
help to advocate for policy change, increase compliance and improve quality of life. 
References: 1. GNI per capita, Atlas method (current US$). (n.d.). Retrieved from 
https://data.worldbank.org/indicator/NY.GNP.PCAP.CD?end=2017&locations=IN&start=1997 2. Ragothaman M, 
Govindappa S, Rattihalli R, Subbakrishna D, Muthane U. Direct Costs of Managing Parkinson's Disease in India: 
Concerns in a Developing Country. Freshwater Biology, Wiley/Blackwell (10.1111), 27 July 2006 3. GNI per 
capita, Atlas method (current US$). (n.d.). Retrieved from 
https://data.worldbank.org/indicator/NY.GNP.PCAP.CD?end=2017&locations=US&start=1997 4. Kowal, S. L., 
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Dall, T. M., Chakrabarti, R., Storm, M. V., & Jain, A. (2013). The current and projected economic burden of 
Parkinsons disease in the United States. Movement Disorders, 28(3), 311-318. doi:10.1002/mds.25292 

1015 
Liquid Levodopa/Carbidopa – An underutilized, cost effective treatment of advanced Parkinson’s disease in 
the developing world 
A. panwar, N. sawal (chandigarh, India) 
Objective: Advanced Parkinson’s disease manifests with  “on-off” phenomenon, dyskinesias and increasing 
symptom severity . Managing it in developing countries is difficult given the low per capita incomes and expensive 
drugs. 
Background: Liquid levodopa/carbidopa is a cheap modality not widely used in developed world as they can afford 
other drugs and deep brain stimulation[DBS]. However patients in developing countries do not have access to either 
and have to rely on oral levodopa – the cheapest drug available which however is not very effective in advanced 
stages of the disease. 
Methods: 58 year old male with Idiopathic Parkinson’s disease of 5 years duration presented with increasing 
symptoms . He was on oral Levodopa tablets [ 125 mg 5 times /day] and symptoms were not controlled leading to 
poor quality of life. He was started on liquid levodopa/carbidopa/ascorbic acid combination. 
Results: Patient had good response to liquid levodopa. [Table 1]. There was improvement in various parameters 
leading to improved ambulation , greater independence and improvement in quality of life. Patient was not averse 
either to frequent dosing of liquid levodopa or to carrying the liquid levodopa bottle constantly.[ Figure 1] 
Conclusions: Advanced Parkinson’s disease is a therapeutic challenge . Treatment is in form of polypharmacy 
which usually includes levodopa/ dopamine agonists/amantadine/ rasagiline or selegiline. However cost factors 
prevent wide availability of these drug combinations in the developing world to a majority of population [Table 2] . 
Liquid levodopa/carbidopa/ascorbic acid solution is a cheap  and effective way to treat advanced Parkinson’s. This 
is because of faster gastric emptying, better levodopa absorption , smoother blood levodopa concentrations and 
resultant clinical benefits like fewer dyskinesias, less on-off phenomenon and a better quality of life. Patients can 
ambulate independently more frequently which leads to lesser depression and better bone mass. Liquid levodopa 
may be redundant and outdated in the Western world where patients have higher incomes and better access to health 
insurance and other facilities like DBS   but it remains a promising yet underutilized treatment in the developing 
world. 
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1016 
Detection of impaired finger dexterity by objective keyboard typing test in Parkinson’s Disease: A feasibility 
study 
P. Panyakaew, K. Duangjino, R. Bhidayasiri (Bangkok, Thailand) 
Objective:  
To objectively evaluate finger dexterity in Parkinson’s disease (PD) patients by keyboard typing test. 
Background: Impaired motor dexterity is a type of bradykinesia which is commonly rated by finger tapping test. 
However, finger tapping evaluation is frequently subjective, limiting its applications in a screening test of 
bradykinesia. 
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Methods: 50 PD patients and 50 age-matched healthy controls were recruited in this pilot study. Subjects with poor 
finger dexterities due to non-neurological causes (e.g. joint deformities) were excluded. Objective evaluation of 
finger dexterity was assessed by two in-house wearable sensors, placed on the dorsum of index and middle fingers 
of their most affected side by PD. To determine typing performance, two paradigms were conducted, including side-
by-side typing where M/N keystrokes were measured and far-reach typing where P/Q keystrokes were evaluated. 
The tests were performed during the ‘off’ period in all PD patients, together with standard rating scales. Objective 
outcomes include typing frequency (F; keys), typing velocity (V; keys/s), keystrokes (K; s), repetition of keyboard 
tapping (R; keys) and typing error (E; keys). 
Results: PD patients had a mean H&Y stage of 1.9 (0.6), with a mean UPDRS III of 23 (10.2), indicating a mild 
disease severity. Typing F and V were significantly higher in controls compared with PD in both the side-by-side 
(M/N) and far-reach (P/Q) keyboard typing. (p <0.01 respectively) The duration of each keystroke (K) was 
significantly longer in PD than control subjects for both tasks (p <0.01). The number of error in PD affected hand 
was greater than healthy control in only side-by-side (M/N) typing (p = 0.02). Duration of K was positively 
correlated with UPDRS III in both side-by-side (M/N) task and the far-reach (P/Q) task. (r=0.33, p=0.02, r= 0.36, 
p=0.01). H&Y stage was negatively correlated with typing velocity only in the far-reach (P/Q) task (r=-0.31, 
p=0.03). 
Conclusions: Our pilot study demonstrated the feasibility of finger sensors on keyboard typing in the objective 
evaluation of impaired finger dexterity in PD as manifested by slower typing velocity, longer keystroke duration, 
higher number of errors than control subjects. Impaired finger dexterity was correlated with disease severity and 
stage of disease. Objective keyboard typing test is a promising test for screening in the future. 
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1017 
Comorbid Parkinson’s disease in a Korean patient with Alexander’s disease 
J.K. Park, K.Y. Kwon, J.W. Cho (Cheonan, Republic of Korea) 
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Objective: We report a unique case of genetically diagnosed Alexander's disease comorbid, with clinically 
diagnosed Parkinson's disease. 
Background: Alexander disease is a neurological disease, that causes leukodystrophy and neuronal loss of brain, 
due to mutation of glial fibrillary acidic protein (GFAP) gene. When age of onset is high, bulbar symptoms and 
cerebellar dysfunction develop gradually, requiring discrimination from adult-onset neurodegenerative disorders. 
Methods: A 58-year-old Korean woman who developed tremor four months ago. On neurological examination, she 
showed rigidity, bradykinesia and resting tremor on left limbs. Neuropsychological assessment resulted in mild 
cognitive impairment. 
Results: Brain MRI with T2weighted images show bilateral symmetrically decreased volume of medulla 
oblongata with bilaterally mottled high signal intensities and bilateral high signal intensity at both cerebellar 
dentate nucleus. FP-CIT PET show severely decreased binding in bilateral putamen, and caudate nucleus. Anti-
parkinsonian medications improved her parkinsonism. Next generation sequencing of customized panel resulting in 
known pathogenic heterozygous p.Arg70Trp variant (NM_002055.4:c.208C>T) in GFAP gene. 
Conclusions: We present an unusual case wherein clinical Parkinson's disease, and genetic Alexander disease 
coexist. If MRI findings suggestive of leukoencephalopathy-related disorders are observed in patients with 
Parkinson's disease, clinicians need to further investigate the possibility of genetic variant of adult-onset 
leukoencephalopathy, including Alexander disease. 

1018 
The effect of baseline cognitive status of Parkinson’s disease on the outcome after deep brain stimulation 
surgery 
K.W. Park, N.R. Choi, S.Y. Jo, M.S. Kim, N.E. Han, S.R. Jeon, S.J. Chung (Seoul, Republic of Korea) 
Objective: To evaluate the effect of baseline cognitive status of Parkinson’s disease (PD) on the outcome after deep 
brain stimulation (DBS) surgery. 
Background: Advanced dementia is a contraindication for DBS in PD patients because patients need to be 
cognitively intact to participate awake surgery and to manage the device properly. Although patients at the early 
stage of PD dementia (PDD) undergo DBS expecting improvement of motor symptoms before the dementia become 
overt, little is known about the effect of baseline cognitive status on the outcome of DBS for PD. 
Methods: We retrospectively reviewed patients who underwent DBS for PD from March 2002 to December 2015. 
Baseline cognitive status was classified into normal cognition (PD-NC), mild cognitive impairment (PD-MCI), and 
early stage of dementia (PDD) according to the Movement Disorder Society criteria. Patients who turned out to be 
atypical Parkinsonism later and those who died or remained severely disabled due to operative complication were 
excluded. We used step-wise Cox regression models to calculate hazard ratios for shorter survival, nursing home 
admission and conversion to Hoehn & Yahr stage 5 (H&Y 5) according to baseline cognitive status adjusted for age 
at operation, sex, disease duration, and surgery type (subthalamic nucleus or globus pallidus interna). 
Results: A total of 154 PD patients (42 PD-NC, 101 PD-MCI, 11 early PDD) who underwent DBS were included. 
We recorded 43 deaths. Survival rate was not associated with baseline cognitive status. 32 patients were admitted to 
nursing home. Early PDD patients higher nursing home admission rate compared to PD-NC (hazard ratio (HR) = 
14.0; 95% confidence interval (CI) = 3.6–55.1; P<0.001) and compared to PD-MCI (HR=10.8; 95% CI= 3.7-32.2; 
P<0.001). Conversion to H&Y 5 was observed in 31 patients. Early PDD patients had higher conversion rate 
compared to PD-NC (HR=24.8; 95% CI= 5.5-110.7; P<0.001) and compared to PD-MCI (HR=6.5; 95% CI=2.4-
19.2, P<0.001). 
Conclusions: PDD state at the timing of DBS did not affect survival, but PDD patients had much higher rate of 
nursing home administration and becoming bed-ridden status after DBS surgery. Careful interpretation of pre-
operative neuropsychiatric evaluation and exhaustive discussion with the caregivers are warranted for the patients 
considering DBS at PDD state, even at the early stage. 

This article is protected by copyright. All rights reserved.



1019 
[18F] FDG-PET findings associated with cognitive impairment if multiple system atrophy 
K.W. Park, N.R. Choi, S.Y. Jo, S.J. Kim, Y.J. Park, S.J. Chung, C.S. Lee (Seoul, Republic of Korea) 
Objective: To explore the cortical metabolic pattern associated with cognitive impairment in multiple system 
atrophy (MSA). 
Background: Cognitive impairment (CI) has been increasingly recognized in MSA, especially in later stage of 
disease course. We aimed to investigate the cortical metabolic pattern associated with CI in MSA by 
[18F]fluorodeoxyglucose-positron emission tomography ([18F]FDG-PET). 
Methods: We retrospectively reviewed patients who were diagnosed as MSA from March 2004 to December 2018. 
Among them, we included probable MSA patients according to the secondary consensus criteria with available 
[18F]FDG-PET. Illiterate patients, patients without available cognitive assessment, patients with other intracranial 
pathology that might contaminate analysis (e.g., stroke, encephalomalacia) and possible MSA patients were 
excluded. Region of interest (ROI) analysis was performed by statistical parametric mapping (SPM). The 
metabolism of major ROIs between MSA patients with MMSE < 26 and with MMSE >= 26 were compared by 
logistic regression analysis. 
Results: A total of 91 patients were finally included. Among them, 37 (41%) were MMSE < 26 (MSA-CI) and 54 
(59%) were MMSE >=26 (MSA-NCI). MSA-CI, compared to MSA-NCI, showed advanced age (64.5 ± 6.7 years vs 
58.7 ± 9.3 years, p = 0.002), low education level (9.9 ± 4.5 years vs 12.9 ± 4.1 years, p = 0.002) and higher female 
ratio (26(70%) vs 26(48%), p = 0.029). On univariate logistic regression analysis, MSA-CI patients, compared with 
MSA-NCI, showed hypometabolism in orbitofrontal (94 ± 5% vs 97 ± 5%, p = 0.003), anterior cingulate (87 ± 9% 
vs 92 ± 9%, p = 0.011), middle cingulate (91 ± 13 % vs 97 ± 7%, p = 0.010), and posterior cingulate cortex (89 ± 
14% vs 95 ± 13%, p = 0.045). Multivariate logistic regression analysis adjusted for age, sex, and education years 
showed hypometabolism in anterior cingulate (p = 0.046), middle cingulate cortex (p = 0.029), and 
parahippocampus (99 ± 13% vs 103 ± 6%, p = 0.043) in MSA-CI patients compared to MSA-NCI patients. 
Conclusions: Our findings suggest that structures associated with memory and Papez circuit (e.g., cingulate and 
parahippocampus) may be affected in MSA-CI. 

1020 
Deciphering Corticobasal Syndrome: are clinical features and FDG-PET imaging capable of predicting 
amiloyd status? 
J. Parmera, A. Coutinho, A. Neto, M. Aranha, C. Ono, C. Buchpiguel, R. Nitrini, E. Barbosa, S. Brucki (São Paulo, 
Brazil) 
Objective: The present study aimed at establishing clinical and brain functional patterns at FDG-PET that could 
distinguish Corticobasal Syndrome(CBS) variants due to AD from Tau pathology based on Pittsburgh Compound B 
positron emission tomography(PiB-PET) status. 
Background: CBS is an atypical parkinsonian syndrome first considered a motor disorder but now also recognized 
as a cognitive disorder. The term CBS denotes the phenotype of multiple pathologies, including Alzheimer’s disease 
(AD) and 4-repeat Tauopathies. Accurate antemortem diagnosis is challenging and diagnostic methods are being 
developed to predict the underlying pathology. 
Methods: Twenty-one patients meeting criteria for probable CBS[1] were evaluated concerning their movement 
disorders and cognitive symptoms. They were submitted to FDG-PET and, according to its patterns, distributed into 
an AD group (likely related to AD) and a non-AD group (likely unrelated to AD). A small subset of 10 patients 
underwent PiB-PET and was compared by positive or negative status. Clinical profile and FDG scans were analyzed 
blinded to PiB-PET results. 
Results: Demography is shown in table 1. Parkinsonism was present in 100%, myoclonus in 76,2%, dystonia in 
47,6%. Apraxia was the most prevalent cognitive feature. Cortical sensory loss was present in 76,2%, only two 
patients had alien limb phenomena. Fourteen patients had a non-AD FDG-PET pattern, and 7 had AD-pattern 
[figures 1, 2]. Regarding amyloid PET, six were PiB-positive and 4 PiB-negative [figures 3, 4]. Two patients with 
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non-AD FDG-PET pattern in a total of 6 were PiB+. All 4 cases classified as having an AD-pattern were PiB+. All 4 
cases of PiB- were classified previously as non-AD-pattern. FDG-PET subgroups showed no significant differences 
in age, gender, symptom duration and motor features [tables 2, 4]. There were significant differences on FDG-PET 
subgroups on MMSE score, Clinical Dementia Rating (CDR) scale, and Addenbrooke’s Cognitive Examination-
Revised (ACE-R) [table3]. We also observed significant differences in PiB subgroups on MMSE and ACE-R 
[table5]. 
Conclusions: All patients with an AD pattern on FDG-PET were PiB+ and had lower ACE-R and MMSE scores 
despite age, gender, symptom duration, and motor features, suggesting more functional decline related to AD 
pathology. Functional molecular imaging might be a potential factor to predict CBS variants depicting their specific 
patterns. 
References: 1. Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni B, et al. Criteria for the diagnosis of 
corticobasal degeneration.Neurology 2013;80:496–503. 2. Burrell JR, Hornberger M, Villemagne VL, Rowe CC, 
Hodges JR. Clinical profile of PiB-positive corticobasal syndrome. PLoS One. 2013;8:e61025. 3. Sha et al. 
Predicting amyloid status in corticobasal syndrome using modified clinical criteria, magnetic resonance imaging and 
fluorodeoxyglucose positron emission tomography.Alzheimer's Research & Therapy . 2015 Mar 2;7(1):8. 
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1021 
DCM extract of Scutellaria Pinnatifida modulate alpha-synuclein fibrillation and protects dopaminergic SH-
SY5Y cells against rotenone 
S. Parsafar, D. Morshedi, M. Mohammadi (Tehran, Islamic Republic of Iran) 
Objective: The aim of this study is to evaluate the effect of Dichloromethane extract (DCMex) of Scutellaria 
Pinnatifida (S) on of alpha-synuclein (ASN) and effect of it against the toxicity induced by ASN aggregates and on 
SHSY5Y cell line. 
Background: Parkinson's disease (PD), is one of the prevalent and progressive nervous system disorder which 
affects nearly 1% of adults older than 60 years. Substantial evidence confirms that aggregation of alpha-synuclein 
(ASN) has a significant role in the pathogenesis of PD and other relative diseases [1,2].  is generally a natively 
unfolded protein in the cytoplasm, which possesses little or no ordered structure [3]. Under unknown conditions, the 
native structures of the ASN shift to conformations, prone to form amyloid fibrils which are toxic. Several studies 
have discovered natural compounds with the ability to prevent aggregation of ASN. A rich plant extensively used in 
traditional medicine is Scutellaria (Lamiaceae). One of the Iranian species of Scutellaria is S. [4].  Here we assess 
the effect of DCMex of S on of ASN and properties on SHSY5Y cell line against the toxicity of ASN aggregates 
and , a pesticide which can accumulate in the brain, impairs mitochondrial functions and finally leading to. 
Methods: The S was collected and the roots were extracted by Dichloromethane solvent. In order to evaluate the 
anti fibrillation effect of DCMex of SPinnatifida, ASN was co-incubated with and without DCMex in fibrillation 
condition, the rate of fibrillation was analyzed by fluorescence assay, red assay, AFM imaging, and microscopy 
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imaging. Then, the of ASN incubated with and without DCMex on SHSY5Y cell lines was assessed by MTT, ROS 
and LDH tests. Finally, the protective effect of DCMex against toxicity induced by  on SHSY5Y cell lines was 
analyzed by MTT and ROS. 
Results: Our results show that DCMex of S inhibits fibrillation of alpha synuclein and also neutralized the toxicity 
of  on SHSY5Y cell lines. 
Conclusions: Collectively, our findings suggest that  S may potentially be a valuable medicinal herb for the 
treatment of PD. 

1022 
Sexual Needs & function assessment of patients with Parkinson’s disease in the tertiary movement disorder’s 
center 
S. Peleg Nesher, Y. Manor, A. Rosenberg, S. Naor, T. Taichman, A. Ezra, D. Roque, J. Shurer, D. Drazheva, N. 
Browner, K. Robertson, T. Gurevich (Tel Aviv, Israel) 
Objective:  
 To assess the profile of SD among PWP and their sexual counseling needs.  
Background: Patients with Parkinson's Disease (PWP) frequently present sexual dysfunctions (SD) that need a 
professional attention, yet treatment model to SD in PWP remains uncertain. 
Methods: Patients filled in anonymously structured questionnaires including: demographic's, sexual need's 
assessment survey, specific gender-related sexual health questions, questions regarding interest in receiving care 
from a sex counselor, female sexual function index and the Index inventory of erectile function. This cross-sectional 
study was performed in collaboration with the University Of North Carolina at Chapel Hill in order to compare 
cultural differences in the future. 
Results: The study includes100 patients, 74 men, 94% PD, 4% Parkinsonism, age range 40-80 years, mean disease 
duration 8.64±6.84. SD appeared at all stages of PD. The most common men SD was erectile dysfunction (70%). 
Significant difference between men 76% and women 40% were presented in arousal (p=0.022), 74% of men and 
40% of women would like to visit the sex counselor (p=0.04). 58% will agree to get sexual counseling by their 
health care provider. More men 49% than women 9% would initiate sex counselling, 50% of patients would visit a 
sex counselor at the movement disorder unit; 41% would attend a support group. 
Conclusions: Most of PWP would look for the counseling and support from the professional sexual counsellor, 
however many of them will agree to get a counselling by their own health provider. Our preliminary survey shed 
light on the scope of the SD in PWP, more attention has to be given to SD in PWP and there is a need in providing 
them with the sexual counseling. Professional sexual counselor has to be involved in the treatment of PWP. 
Furthermore, neurologists and other health care providers have to be educated to provide the patients with 
preliminary sexual counseling. 

1023 
Deep Brain Stimulation Wash-in/out Periods Quantified using a Palm-Worn Device to Monitor Rigidity 
T. Perera, W.L. Lee, M. Jones, J. Tan, E. Proud, A. Begg, N. Sinclair, R. Peppard, H. McDermott (East Melbourne, 
Australia) 
Objective: Characterize the temporal resurgence/amelioration of Parkinsonian rigidity corresponding to 
withdrawal/application of deep brain stimulation (DBS) therapy. 
Background: Rigidity is a cardinal symptom of Parkinson’s disease and is examined clinically to provide diagnosis, 
track disease progression, and determine treatment efficacy. Therefore, it is important to quantify DBS wash-in/out 
periods to establish guidelines for clinical practice and future research. Here, we use a clinically validated [1] 
instrument to ascertain the time course of DBS therapeutic action on rigidity. Briefly, the palm-worn instrument 
employs a miniature motor to flex the third digit of the hand about the metacarpophalangeal joint whilst embedded 
transducers record flexion and extension forces. The force required to flex the digit is indicative of rigidity. 
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Methods: Eight participants with Parkinson’s disease receiving benefit from DBS were consented. Participants 
arrived on-DBS (optimal clinical setting) and off dopaminergic medication. The rigidity instrument was affixed to 
the palm and a baseline measurement was conducted immediately prior to DBS withdrawal. Rigidity was measured 
every 10-minutes over a period of 60 minutes to capture rigidity resurgence. DBS was then resumed and rigidity was 
measured every 5-minutes over a period of 30 minutes to capture amelioration. Data were pooled across patients and 
means at each time point compared. 
Results: Following DBS cessation, rigidity increased gradually to reach a peak at 50 minutes and was significantly 
greater than baseline (p < 0.01). DBS resumption resulted in an almost immediate improvement of rigidity (p < 
0.01), returning to baseline values within five minutes (p = 0.65). 
Conclusions: Consistent with clinical observations, rigidity responds to DBS therapy quickly. However, effects of 
prolonged therapy can take at minimum 50 minutes to wash-out. Adequate rest periods must be enforced between 
trials to account for wash-out during clinical studies where alternative DBS programs are trialed. Notably, the 
dichotomy between wash-in/out periods represents a hysteresis effect that may influence closed-loop adaptive DBS. 
References: [1] Perera T, et al. A Palm-Worn Device to Quantify Rigidity in Parkinson’s Disease. J. Neurosci 
Methods, in-press, 2019. 

1024 
Unraveling biological processes implicated in MSA and PD by transcriptomic analysis 
A. Perez-Soriano, M. Arnal, D. Giraldo, M. Fernandez, T. Botta-Orfila, Y. Compta, R. Fernández-Santiago, M. 
Ezquerra, D. Tartaglia, M.J. Martí (Barcelona, Spain) 
Objective: To find differential biological processes between synucleinopathies (MSA and PD). 
Background: Multiple system atrophy (MSA) is an oligodendroglial sinucleinopathy that is often misdiagnosed as 
Parkinson’s disease PD (1), especially at early stages. The molecular pathogenesis of the disease is still greatly 
unknown. Gene Set Enrichment Analysis (GSEA)(2) method for functional analysis of transcriptomic data identifies 
biological pathways enriched in a differentially expressed gene list to unveil biological processes involved in 
disease. 
Methods: We extracted blood from 20 MSA, 10 PD cases and 10 healthy controls from the Catalonian MSA 
registry. Subjects were gender and age-matched between groups. RNA was isolated using PAXgene Blood RNA Kit 
(QIAGEN). Genome-wide gene expression analysis was done using the Affymetrix Clariom™D array (Thermo 
Fisher Sci.). Differential transcript expressions were analyzed with limma(3) method resampling 100 times. A 
GSEA pre-ranked analysis was performed, using a score based on the sum of expression fold-change among the 100 
iterations, with the gene set collection C5 GO biological process from MSigDB, considering only top 100 
enrichment score gene sets with p value<0.05. 
Results: In PD versus controls, 17% of the overexpressed sets were related to protein regulatory processes, 10% to 
transcriptional processes, 10% to vesicle/vacuolar transport/formation/organization, and 1% to telomere 
maintenance (FDR p< 0.01). These GO terms were underrepresented when comparing MSA to PD cases (FDR p 
<0.001). From the 56 gene sets with significant p value that were unrepresented in PD compared to controls, 26 
were related to development/differentiation processes (16 of these specifically related to neurons).  MSA cases, 
compared to PD showed an overrepresentation of autonomic system processes (7%) including regulation of urine 
volume and blood pressure, and 6% to neurotransmission (FDR<0.04). 
Conclusions: GSEA reveals different biological processes including transcription, protein regulation, vesicle 
formation and telomere maintenance in blood from PD cases in contrast to gene sets involved with autonomic 
regulatory processes and neurotransmission in MSA cases. Furthermore, there seems to be downregulation of 
neuronal cell differentiation and development. 
References: 1. Koga S, Aoki N, Uitti RJ, van Gerpen JA, Cheshire WP, Josephs KA, et al. When DLB, PD, and 
PSP masquerade as MSA. Neurology. 2015 Aug 4;85(5):404–12. 2. Subramanian A, Tamayo P, Mootha VK, 
Mukherjee S, Ebert BL, Gillette MA, et al. Gene set enrichment analysis: A knowledge-based approach for 
interpreting genome-wide expression profiles. Proc Natl Acad Sci. 2005 Oct 25;102(43):15545–50. 3. Ritchie ME, 
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Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers differential expression analyses for RNA-sequencing 
and microarray studies. Nucleic Acids Res [Internet]. 2015 Apr 20;43(7):e47. 

1025 
Differences in resting state fMRI distinguish multiple system atrophy and Parkinson disease 
A. Peterson, E. Dayan, N. Browner, D. Drazheva, M. Sklerov (Chapel Hill, NC, USA) 
Objective: To investigate whether functional connectivity of the hypothalamus can distinguish multiple system 
atrophy from Parkinson disease. 
Background: Multiple system atrophy parkinsonian subtype (MSA-P) and Parkinson disease (PD) are 
neurodegenerative diseases that can be difficult to distinguish clinically. A common feature among PD patients 
misdiagnosed with MSA-P is autonomic dysfunction[1]. Prior studies have looked at structural changes on MRI in 
MSA patients but are limited by variable sensitivity and specificity[2]. We have previously shown that changes in 
resting state functional MRI (rs-fMRI) in central autonomic regulation regions, centered around the hypothalamus, 
are associated with the degree of autonomic dysfunction in PD patients[3]. Functional neuroimaging studies of 
central autonomic structures in MSA patients have not been published. Our preliminary data suggests that fMRI can 
be used to differentiate MSA-P from PD. 
Methods: We enrolled 11 subjects with MSA from patients at the UNC Neurology clinic. rs-fMRI and clinical data 
for 22 PD subjects were obtained from the Parkinson’s Progression Markers Initiative database, an open-access 
database of early PD patients. We used seed-to-voxel analysis, placing seeds in the left and right hypothalamus 
(HTH), to investigate patterns of functional connectivity between the HTH and other brain structures, correcting for 
multiple comparisons. 
Results: Mean age and range of MSA and PD subjects was 68.8 (61-80) and 69.5 (53-79) years, respectively. Mean 
disease duration and range for MSA and PD subjects was 6.9 (1.5-13) and 3.7 (1-22) years, respectively. MSA 
subjects had significantly stronger functional connectivity between the HTH and ipsilateral insular region as 
compared to PD subjects in both the left and right hemispheres. A comparator analysis placing seeds in the 
cerebellum revealed reduced functional connectivity between the cerebellum and the ipsilateral caudate in MSA 
subjects as compared to PD subjects. 
Conclusions: Preliminary analysis of functional connectivity of the HTH shows differences in MSA subjects as 
compared to age matched PD subjects. These results suggest that rs-fMRI could be used as a tool to help distinguish 
between the two diseases. 
Part of these data were presented previously in an abstract at the 2018 American Autonomic Society annual meeting 
[Oct 2018]. 
References: [1] Koga, S., et al., When DLB, PD, and PSP masquerade as MSA: an autopsy study of 134 patients. 
Neurology, 2015. 85(5): p. 404-12. [2] Bajaj, S., et al., Diffusion-weighted MRI distinguishes Parkinson disease 
from the parkinsonian variant of multiple system atrophy: A systematic review and meta-analysis. PLoS One, 2017. 
12(12): p. e0189897. [3] Dayan, E., M. Sklerov, and N. Browner, Disrupted hypothalamic functional connectivity in 
patients with PD and autonomic dysfunction. Neurology, 2018. 90(23): p. e2051-e2058. 

1026 
Stimulation Frequency and Active Contact Location Influence Speech Problems in Parkinson’s Disease 
Patients with Bilateral Subthalamic Deep Brain Stimulation 
O. Phokaewvarangkul, K. Boonpang, R. Bhidayasiri (Bangkok, Thailand) 
Objective: This study aimed to identify the prevalence of speech problems including stuttering and hypophonia in 
patients with Parkinson’s disease (PD). Participants with or without bilateral STN-DBS were compared to determine 
the effects of low-frequency stimulation (LFS) and the influence of the contact location on speech problems. 
Background: Speech disorders including stuttering and hypophonia have been reported after subthalamic deep 
brain stimulation (STN-DBS). LFS or a change in the electrode contact position may improve speech functions. 

This article is protected by copyright. All rights reserved.



Methods: For this case-controlled study, we enrolled 50 PD patients with, and 100 PD patients without, STN-DBS. 
Only clinically meaningful stuttering was taken into consideration. Voice levels were objectively measured. For 
patients with STN-DBS, stuttering, sound pressure, and UPDRS speech sections were compared for high-frequency 
(130 Hz), low-frequency (80 Hz), and off stimulation. 
Results: There were no statistically significant differences between patients with STN-DBS and medically treated 
patients regarding age, sex, disease duration, and H&Y score (all p>0.05). Stuttering, sound pressure level, and 
UPDRS speech section score were worse in patients with STN-DBS compared to those without (all p<0.05). High-
frequency stimulation (HFS) resulted in lower sound pressure values compared to LFS and off stimulation (both 
p<0.05), and also increased the scores for the daily living and motor section (both p<0.05, UPDRS speech sections) 
compared to LFS. The level of stuttering was increased in patients with STN-DBS (36%) compared to those without 
(8%, p<0.05).Stuttering was present in 36% of the study population during HFS, but only in 12% during LFS and in 
8% during off stimulation.Active dorsal contacts resulted in a lower speech volume compared to ventral contacts 
(p<0.05). 
Conclusions: STN-DBS at high frequency and with dorsal contacts can aggravate certain speech 
problems. Maintaining the balance between parkinsonian control and speech problems is important in these patients. 
References: 1. Toft M, Dietrichs E. Aggravated stuttering following subthalamic deep brain stimulation in 
Parkinson's disease--two cases. BMC Neurol. 2011;11:44. 2. Di Biase L, Fasano A. Low-frequency deep brain 
stimulation for Parkinson's disease: Great expectation or false hope? Mov Disord. 2016;31(7):962-7. 3. Xie T, 
Padmanaban M, Bloom L, MacCracken E, Bertacchi B, Dachman A, et al. Effect of low versus high frequency 
stimulation on freezing of gait and other axial symptoms in Parkinson patients with bilateral STN DBS: a mini-
review. Transl Neurodegener. 2017;6:13. 
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1027 
Longitudinal progression of spatiotemporal parameters of turning in idiopathic Parkinson’s disease patients 
with Freezing of Gait 
L. PILLAI, A. GLOVER, T. VIRMANI (LITTLE ROCK, AR, USA) 
Objective: To develop predictive algorithms for freezing of gait (FOG) in Parkinson’s disease (PD) using 
longitudinal objective assessment of turning behaviors. 
Background: Freezing of Gait (FOG) is often a late-stage motor complication in Parkinson’s disease (PD) that 
leads to falls and development of fear of falling. It is unclear why FOG manifests at different disease stages in 
different patients and methods to predict its development would help define populations of patients that could be 
amenable to early interventions. As FOG occurs most commonly during gait initiation and turning, in this study we 
longitudinally monitored spatiotemporal parameters of 180-degree pivot turns over an 18-month period to determine 
which aspects of turning were differentially affected in PD FOG patients. 
Methods: PD patients with FOG (FOG) or without FOG (no-FOG), and healthy age matched controls (HC) with a 
Montreal Cognitive Assessment (MoCA) score > 10 and <1 fall per day were included in the study. Every 6 months, 
subjects made 180-degree pivot turns on visual cues while walking back and forth along the length of a 20’x4’ 
pressure sensor mat (Protokinetics), in their levodopa ON state. Enrolled subjects who had completed 18 months of 
follow up were included in the analysis. The slope of change/year (delta) was calculated for turn metrics. Data was 
analyzed in SPSS 24 (IBM). 
Results: 27 subjects were included in the analysis (9 HC, 9 no-FOG and 9 FOG). At enrolment, age (p=0.611) and 
MoCA scores (p=0.502) were similar between groups. PD subjects had similar disease duration (p=0.058), motor 
(p=0.184) and total UPDRS (p=0.249) scores, and total daily equivalent levodopa dosage (p=0.109). Compared to 
no-FOG, FOG subjects had progressive increase in delta mean stance time (p=0.009), stride time (p=0.031) and 
turning width (p=0.019), which after post-hoc Bonferroni correction for multiple comparisons remained significant 
for mean delta stance time (FOG 6.4±10.7, no-FOG -2.6±8.7 %change/year, p=0.028). 
Conclusions: FOG subjects spend progressively longer time in the stance phase during turning compared to no-
FOG. Thus, differential changes in objectively quantifiable parameters of turning may be utilized to create 
algorithms to predict the development of FOG. 

1028 
Cerebellar rTMS theta burst for postural instability in progressive supranuclear palsy: a double blind cross-
over sham controlled study using wearing sensors technology 
A. Pilotto, M.C. Rizzetti, A. Lombardi, M. Biggi, G. Verzeroli, W. Maetzler, C. Hansen, B. Borroni, A. Padovani 
(Brescia, Italy) 
Objective: To test the efficacy of a single theta burst cerebellar stimulation on postural instability in progressive 
supranuclear palsy using a cross-over design and wearing sensors technology 
Background: there are no medical effective treatments for progressive supranuclear palsy (PSP). 
Imaging, neurophysiology and pathology studies suggested cerebellum as possible target of brain stimulation for 
postural instability using theta Burst repetitive Transcranial magnetic stimulation 
Methods: Eighteen patients with PSP entered in a cross-over sham-controlled study. Each patient underwent a sham 
stimulation or a single session of cerebellar theta burst stimulation (after at least two weeks of time ). Each patient 
was evaluated before and after stimulation by berg balance tests (BBS), PSP-rating scale (PSP-RS) and functional 
tests wearing movement-sensors including standing in open, semitandem and tandem positions with eyes open and 
closed. 
Results: There was not significant differences in BBS and PSP-RS and open stance tests in sham vs real stimulation 
sessions. Active stimulation was associated with significantly improvement of time without falls (p=0.04) and 
distance from center of balance (COB) (p=0.008) in tandem position. In semitandem position, real stimulation was 
associated with significant reduction of COB (p=0.02) compared to sham stimulation. 
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Conclusions: Single theta-burst stimulation showed significant improvement in a double-blind design only using 
high-sensitive tests and postural instability objective measures using wearing sensors technology. The promising 
results suggest to evaluate longer trials for postural instability and falls in PSP patients. 

1029 
Cortical FDG-PET patterns predict long-term motor progression and disability milestones in Parkinson's 
disease 
A. Pilotto, A. Imarisio, E. Premi, S.P. Caminiti, L. Presotto, A. Sala, R. Turrone, R. Grasso, A. Alberici, B. Paghera, 
M.C. Rizzetti, B. Borroni, D. Perani, A. Padovani (Brescia, Italy) 
Objective: To evaluate the accuracy of single-subject FDG-PET in predicting motor and cognitive long-term 
progression in Parkinson's disease 
Background: The progression of Parkinson's disease is still not easily predictable on short and long term. Recently, 
a SPM -based single-subject SPM pattern analyses predicted the development of dementia at in PD patients at 4-year 
follow-up at single subject level. 
Methods: Forty-nine out of the initial cohort of 54 PD patients with FDG-PET underwent follow-up at 8 years. The 
correlation between single-subject pattern and the following milestones have been evaluated for each patient: 
dementia, hallucinations, falls, inability to walk, motor function (assessed by changes in UPDRS-III and levodopa 
equivalent daily dose, LEDD). 
Results: Patients were classified according to their baseline FDG-PET pattern: normal PD pattern (n=26); DLB-like 
(n=12), AD-like (n=6), CBS-like (n=3), and FTD-like (n=2). At 8-years follow-up 16 patients (of whom 15 with 
atypical patterns, p<0.005) converted to dementia. Patients with atypical FDG-PET patterns showed also higher 
incidence of hallucinations (p=0.001), falls (p=0.033) and inability to walk (p=0.018). Patients with atypical pattern 
(especially with AD-like pattern) showed worse long-term motor progression (i.e. UPDRS-III changes), 
independently from dementia and LEDD (p=0.04). 
Conclusions: This study suggests FDG-PET as promising progression marker at single-subject level for its ability to 
predict long term disability in PD. The association between worse motor progression and cortical hypometabolism 
might indicate that reduced cortical reserve could impact on motor function in PD independently from dementia. 
This issue need further investigations in PD patients without dementia with extensive biomarkers and longitudinal 
assessment. 

1030 
Neuroinflammation and activation of Zif-268 in dyskinetic 6-OHDA-lesioned rats is counteracted by 
association of a 5-HT1A/1B receptor agonist and an A2A receptor antagonist 
A. Pinna, G. Costa, M. Serra, M. Morelli (Monserrato, Italy) 
Objective: To evaluate whether an early treatment with the serotonin 5-HT1A/1B receptor agonist eltoprazine and the 
adenosine A2A receptor antagonist preladenant prevent the onset of L-dopa-induced dyskinesia, in the rat 6-
hydroxydopamine  (6-OHDA) model of Parkinson's Disease (PD). 
Background: Previous reports by our research group, demonstrated that combination of eltoprazine and preladenat 
produced a reduction of L-dopa-induced dyskinesia, without impairing the efficacy of L-dopa in relieving motor 
symptoms1,2. Moreover, the combined administration of L-dopa plus eltoprazine and preladenant reduced the 
astroglial and microglial responses in the nigrostriatal system of dyskinetic 6-OHDA-lesioned rats. On this basis, we 
hypothesize that the early combined administration of eltoprazine and preladenant may produce prevention of the 
onset of L-dopa-induced-dyskinesia in a rodent model of PD.  
Methods: Unilateral 6-OHDA-lesioned rats, were treated for 2 weeks with eltoprazine and/or preladenant alone or 
in combination with L-dopa, and abnormal involuntary movements (AIMs) as index of dyskinesia, were evaluated. 
Moreover, induction of immediate-early gene zif-268 (as index of long-term changes correlated with dyskinesia), 
and microglial and astroglial markers (GFAP, IBA1, IL-1β, TNF-α, IL-10, etc) were evaluated. 
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Results: Behavioral evaluation of AIMs, demonstrated that association of L-dopa plus eltoprazine and preladenant 
significantly prevented the onset of dyskinetic-like behaviors induced by L-dopa, and this effect was maintained 
throughout treatment. Moreover, the pretreatment with L-dopa plus eltoprazine and preladenant significantly 
delayed the onset of dyskinetic-like behaviors induced by challenge with L-dopa. Zif-268 was increased in striatum 
of rats pretreated with L-dopa or L-dopa plus preladenant compared with vehicle pretreated rats; whereas, rats 
pretreated with eltoprazine (with or without preladenant) had lower zif-268 activation after challenge with L-dopa. 
Finally, association of L-dopa plus eltoprazine and preladenant reduced the neuroinflammatory response induced by 
L-dopa in the nigrostriatal system of 6-OHDA-lesioned rats.  
Conclusions: The present findings suggest that combined administration of L-dopa with eltoprazine and preladenant 
may be a promising therapeutic strategy for treating motor symptoms, delaying the onset of dyskinesia and reducing 
the neuroinflammation response in PD.  
References: 1. Pinna A, Ko WK, Costa G, Tronci E, Fidalgo C, Simola N, Li Q, Tabrizi MA, Bezard E, Carta M, 
Morelli M. Antidyskinetic effect of A2A and 5HT1A/1B receptor ligands in two animal models of Parkinson's 
disease. Mov Disord. 2016; 31(4):501-11.  
2. Ko WKD, Li Q, Cheng LY, Morelli M, Carta M, Bezard E. A preclinical study on the combined effects of 
repeated eltoprazine and preladenant treatment for alleviating L-DOPA-induced dyskinesia in Parkinson's disease. 
Eur J Pharmacol. 2017 Oct 15;813:10-16. 
 

1031 
The Progressive Supranuclear Palsy Functional Disability Scale: Sensitivity to change 
I. Piot, K. Schweyer, G. Respondek, M. Grimm, M. Stamelou, P. Sckopke, T. Schenk, C. Goetz, G. Stebbins, G. 
Höglinger (Munich, Germany) 
Objective: To determine the sensitivity to change within 12 months as well as completion time of the Progressive 
Supranuclear Palsy Functional Disability Scale (PSPFDS). 
Background: Progressive Supranuclear Palsy (PSP) is a debilitating disease, affecting a broad spectrum of 
functional domains to variable degrees. The PSP Rating Scale (PSPRS) is an established disease-specific 28-item 
tool to rate the broad range of symptoms, providing reproducible progression rates of PSP-Richardson’s syndrome 
(PSP-RS) within 12 months in multi-centric trials. However, it is used mainly by experts in research contexts. 
Therefore, we aimed to develop a short and simple scale for use in clinical care and research to monitor the presence 
and progression of the deficits in the seven functional domains (akinesia-rigidity, bradyphrenia, communication, 
dysphagia, eye movements, finger dexterity, gait & balance) relevant to all clinical phenotypes of PSP. All domains 
are rated with a score ranging from 0 to 3 (no, mild, moderate, or severe deficits). 
Methods: Patients fulfilling the MDS-PSP diagnostic criteria were recruited in the prospective DescribePSP multi-
center observational study. The information required for PSPFDS rating was collected through a semi-structured 
interview with the patient and a reliable caregiver and a short structured clinical examination at baseline and 12-
months follow-up examination. 
Results: N=23 patients had baseline and 12-months follow-up ratings (N=16 PSP-RS, N= 7 variant phenotypes; 
N=17 males; age at baseline 68.9±6.5 years). Mean completion time of the PSPFDS by experienced raters was 4.37 
minutes, vs. 16.03 minutes for the PSPRS. PSFDS showed significant 1-year change (baseline 6.9±2.1; follow-up 
9.7±3.0; annualized difference 3.5±3.3;P<0.001). The standardized effect size for the PSPFDS (1.05) was similar to 
that of the PSPRS (1.27). The sample sizes required per arm for a 2-arm, 1-year follow-up therapeutic trial to detect 
50% change was estimated to be 59 (2-sided, 2-sample t test). 
Conclusions: Although based on a small cohort, these findings provide evidence that the PSPFDS is sensitive to 
detect disease progression in PSP within a 12-months period. Prospective collection of data with a larger sample size 
and longer duration in PSP-RS and variant PSP-phenotypes is ongoing. 
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1032 
Impulse control disorders and (romantic) jealousy in Parkinson’s disease: a patients’ vs. partners’ 
perspective 
E. Pipan, S. Delalić, A. Herzog, M. Trošt, Z. Pirtošek, D. Flisar, N. Kovacs, D. Georgiev (Ljubljana, Slovenia) 
Objective: To compare self-reported symptoms of (romantic) jealousy and impulse control disorders (ICD) in 
Parkinson’s disease (PD) patients to those reported by their partners. 
Background: ICDs are common in PD patients. There have been also few reports of exaggerated jealousy in PD 
patients1. It seems that both, ICD and jealousy are still under-recognized, which is probably related to these 
symptoms being either concealed or underestimated by the patients2. 
Methods: 27 PD patients (9 females, mean age 66.22±7.48, mean disease duration 6.72±5.08, mean levodopa 
equivalent daily dose – LEDD 718.317±420.38) and their partners (N=27, 18 females, mean age 63.30±9.14) 
participated in the study. Slovenian versions of the Questionnaire for Impulsive Compulsive Disorders (QUIP), 
Multidimensional (romantic) jealousy scale (MJS), Zuckerman-Kuhlman personality questionaire (ZKPQ-50cc), 
Barrat Impulsiveness Scale (BIS-11), Geriatric Depression Scale (GDS) and Starkstein Apathy Sclae (SAS) were 
adiminstered to the patients and their partners who were asked to assess the behaviour of the patients. 
Results: Compared to their partners, PD patients reported being more jealous on the MJS-emotional jealousy 
subscale (p<0.001); on the contrary, partners reported patients being more jealous on the MJS-behavioural subscale 
(p=0.031); there was no difference in the reports between patients and their partners on the MJS-cognitive jealousy 
subscale. In addition there was no significant difference between patients self-assessment and their partners 
assessment on QUIP, BIS-11 and ZKPQ-50cc. MJS subscales did not correlate to LEDD, BIS-11, GDS or SAS. 
However, all MJS subscales positively correlated to the neuroticism-anxiety personality factor (ZKPQ-50cc) (all 
p<0.05). The behavioural and cognitive subscales also correlated to the aggression-hostility personality factor 
(ZKPQ-50cc) (all p<0.05). 
Conclusions: While patients self-reported a higher emotional jealousy score, partners reported higher scores for the 
patients on the behavioural jealousy subscale of the MJS. In addition to neuroticism, which has already been related 
to jealousy3, known aggression-hostility personality factor correlated to the behavioural jealousy. More studies are 
needed to further explore the nature of this phenomenon in PD patients. 
References: 1. Georgiev D, Danieli A, Ocepek L, et al. Othello syndrome in patients with Parkinson's disease. 
Psychiatr Danub 2010;22(1):94-98. 2. Baumann-Vogel H, Valko PO, Eisele G, Baumann CR. Impulse control 
disorders in Parkinson's disease: don't set your mind at rest by self-assessments. European journal of neurology 
2015;22(4):603-609. 3. Wade TJ, Walsh H. Does the big-5 relate to jelousy, or infidelity reactions? Journal of 
Social, Evolutionary and Cultural Psychology 2008;2(3):133-143. 

1033 
Levodopa-carbidopa intestinal gel infusion: a video analysis of long-term effect on gait and posture 
C. Pongmala, M. Fabbri, C.A. Artusi, M. Zibetti, L. Lopiano (Turin, Italy) 
Objective: To investigate the long-term effect of levodopa-carbidopa intestinal gel (LCIG) on gait and posture by 
means of both clinical and objective measures in Parkinson’s disease (PD) patients. 
Background: Abnormal in posture and gait are the common problem which occurs in advanced PD patients. The 
constant dopaminergic drug delivery attained by LCIG infusion reduce motor fluctuations and give a good result in 
long-term management of motor complications. Few data have suggested that LCIG treatment may have a beneficial 
effect on PD axial signs. However, data are scarce and principally restricted to a short-term follow-up. 
Methods: We evaluated changes in posture and gait parameters from T0, before the LCIG start during MED ON, 
and T1, during LCIG treatment in 10 patients. As the primary outcome, we compared the UPDRS item 28 and 29 
scores between T0 and T1. Data of motor symptoms and motor complications were assessed by means of the 
UPDRS part III and IV, respectively. We used Kinovea to analyze posture and gait analyzing on T0 and T1 videos 
of the patients. Neck flexion (NF), Total camptocormia (TC),Upper camptocormia (UC), and Lateral flexion (LF) 
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were measured as the posture parameters. Right step length (RS), Left step length (LS), and velocity were measured 
as the gait parameters. 
Results: After a mean of 41.10±22.68 months of LCIG infusion, the UPDRS item 28 (posture) changed from 
1.20±0.79 to 1.30±0.68 (p = 0.591) the UPDRS item 29 (gait) varied from 1.15±1.00 to 2.00±0.82 (p=0.052).The 
UPDRS-III total score got significantly worsen (p=0.004). The gait and posture parameters showed no statistically 
significant changes at follow-up. Indeed, RS changed from 40.81±10.99 at T0 to 39.50±11.70 cm at T1 (p = 0.765). 
LS changed from 40.27±11.71 at T0 to 39.23±9.34 cm at T1 (p = 0.784).The velocity changed from 0.97±0.41 at T0 
to 0.82±0.25 m/s at T1 (p = 0.256).The posture parameters showed NF changed from 20.44±8.56 at T0 to 
23.10±7.14 degrees at T1 (p = 0.232).TC changed from 22.11±7.08 at T0 to 26.44±8.41 degrees at T1 (p = 
0.148).UC changed from33.78±9.97 at T0 to 37.44±7.43 degrees at T1 (p = 0.354).LF changed from 0.90±0.99 at 
T0 to 2.60±3.89 degrees at T1 (p = 0.155). 
Conclusions: Our data seem to indicate that after about three and half years of LCIG treatment, PD patients do not 
show a significant improvement of gait and posture parameters thought substantial stability. 

1034 
Association of Charcot-Marie-Tooth disease, Parkinson’s disease and FIG4 mutations 
I. Posada-Rodríguez, C. Domínguez-González (Madrid, Spain) 
Objective: Here we report a patient with Charcot-Marie-Tooth (CMT) 4J disease (related to FIG4 mutations) who 
developed an early-onset Parkinson’s disease during evolution. 
Background: FIG4 encodes a phosphatase that acts in the intracellular vesicle trafficking along the endosomal-
lysosomal pathway. Several findings suggest that the expression of FIG4 is required for neural development and it is 
necessary to prevent neurodegeneration. In this regard, FIG4 inmunoreactivity has been found in Pick bodies, Lewy 
bodies, several types of intranuclear inclusions in different degenerative diseases, and Marinesco and Hirano bodies 
in elderly people. Mutations in FIG4 have been associated with CMT 4J, amyotrophic lateral sclerosis type 11, 
bilateral temporooccipital polymicrogyria and Yunis-Varon syndrome but FIG4 mutations have never been reported 
in Parkinson’s disease. 
Methods: Case report. 
Results: A 51-year-old caucasian woman with progressive demyelinating motor and sensory polyneuropathy with 
pes cavus and scoliosis, started in childhood. She has severe muscle atrophy and distal weakness in upper and lower 
extremities, with severe functional impact requiring walking crutches. Motor conduction velocity in ulnar nerve was 
<10 m/sec. In her thirties, she began with rest tremor in the left upper extremity developing a severe bilateral 
hypokinetic-rigid syndrome in a few years. MRI was normal. [123I]FP-CIT Single-photon emission computed 
tomography (SPECT) showed asymmetric bilateral hypocaptation, right side worse than left side (concordant 
laterality). The response to antiparkinsonian drugs was always good. A next-generation sequencing of a targeted 
panel of CMT related genes was performed. We identified two mutations in FIG4 gene, c.122T>C (p.I41T) and 
c.1447C>T (p.R483*), both of them considered pathogenic even though the second one has not been previously 
described. 
Conclusions: To our knowledge, this is the first reported case of association of CMT and Parkinson’s disease, with 
biallelic pathogenic mutations in FIG4. This fact reinforces the possible relation of FIG4 in prevention of 
neurodegeneration also in Parkinson’s disease. Nevertheless, we can not exclude a fortuitous association. 
References: 1. Kon T, Mori F, Tanji K, et al. ALS-associated protein FIG4 is localized in Pick and Lewy bodies, 
and also neuronal nuclear inclusions, in polyglutamine and intranuclear inclusion body diseases. Neuropathology 
2014;34:19-26. 2. Ikonomov OC, Sbrissa D, Compton LM, et al. The protein complex of neurodegeneration-related 
phosphoinositide phosphatase Sac3 and ArPIKfyve binds the Lewy body-associated synphilin-1, preventing its 
aggregation. J Biol Chem 2015;290:28515-29. 
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1035 
Dyskinesia Rates in Patients with Parkinson’s Disease on CVT-301 (levodopa inhalation powder) 
E. Pourcher, A. Corbin, J. Qian, C. Kenney (Quebec City, QC, Canada) 
Objective: Analysis of dyskinesia as reported by PD diary, adverse events, UPDRS part IV dyskinesia score and 
examiner rated observation, during a phase 3 study of CVT-301 (levodopa inhalation powder) for the intermittent 
treatment of OFF periods in patients with Parkinson’s disease (PD) on a carbidopa/levodopa regimen. 
Background: In a 12-week, randomized, double-blind, placebo-controlled study of 339 patients with PD 
experiencing OFF periods (SPAN-PD™), CVT-301 84 mg significantly improved motor function, measured by an 
improvement in UPDRS part III motor score pre-dose to 30 minutes post-dose at 12 weeks compared to placebo (LS 
mean change from baseline of -9.83 vs. -5.91 respectively; P=0.009). In addition, 58% of patients in the CVT-301 
84-mg group turned ON and remained ON at the 60-minute assessment compared with 36% in the placebo group 
(P=0.003). 
Methods: Dyskinesia data were collected as: patient reported ON time with troublesome dyskinesia by PD diary for 
3 consecutive days prior to each study visit, adverse events (AE) by standard reporting methods, UPDRS part IV 
dyskinesia score in clinic (questions 32-35), and examiner rated occurrence and severity (mild, moderate, or severe) 
of dyskinesia during the 60-minute post-dose period in the clinic. 
Results: With an average usage of 2 doses per day, which remained consistent throughout the 12 weeks for both 
treatment groups, least squares (LS) mean change from baseline in patient diary-reported ON time with troublesome 
dyskinesia was 0.17h for CVT-301 84 mg and 0.17h for placebo at week 12. An AE of dyskinesia was reported by 4 
(3.5%) patients in the CVT-301 84-mg group and none in the placebo group. No patient withdrew due to dyskinesia. 
UPDRS part IV dyskinesia average score at week 12 was 2.0 for 84 mg CVT-301 and 1.8 for placebo, representing 
changes from baseline of 0 and -0.2, respectively. Examiner rated dyskinesia during the 1-hour post-dose period was 
16.7% in the 84-mg CVT-301 group and 8% in the placebo group at week 12; throughout the study, all were rated 
mild to moderate except 1 severe report in the placebo group.  
Conclusions: In this phase 3 study of CVT-301, adverse events and examiner ratings of mild to moderate dyskinesia 
were reported more frequently for CVT-301 compared to placebo, but there was no increase in troublesome 
dyskinesia according to the patient reported diary and the overall impact on UPDRS part IV dyskinesia score was 
minimal. 

1036 
Aberrant structural connectivity of the executive network in Progressive Supranuclear Palsy 
S. Prasad, A. Rajan, S. Mangalore, J. Saini, M. Ingalhalikar, P. Pal (Bangalore, India) 
Objective: To ascertain the structural connectivity of the executive network in progressive supranuclear palsy (PSP) 
using probabilistic tractography. 
Background: Cognitive deficits are highly prevalent in PSP, and executive dysfunction has been suggested to be the 
primary cognitive impairment followed by milder deficits in memory, construction and naming. Neuroimaging 
studies in PSP have demonstrated distinct patterns of frontal atrophy, hence, it is plausible to expect abnormalities in 
connectivity of the executive network. 
Methods: This study included 41 subjects, of which 29 were patients with PSP and 12 healthy controls. PSP was 
diagnosed as per the NINDS-SPSP criteria. MRI scans were acquired in a 3T scanner and diffusion-weighted images 
were acquired at 32 diffusion gradient directions with a b value of 1000s/mm2. Diffusion data was pre-processed 
using FSL 5.0.9 and nodes were defined using the Desikan atlas from Freesurfer. Probabilistic tractography was 
implemented to track fibers from each node to every other node using the FSL toolbox. Edge-wise analysis was 
performed using the network-based statistic toolbox, global and nodal network measures were ascertained using the 
brain connectivity toolbox. Age and gender of subjects were used as regressors for analysis. An executive network 
composed of the frontal pole, middle frontal (rostral and caudal), anterior cingulate (rostral and caudal), medial 
orbitofrontal, pars orbitalis, pars triangularis, and pars opercularis was considered. Significant measures which 
included these above regions were further evaluated. 
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Results: No significant abnormalities were observed at global or nodal levels. However, 28 abnormal edges 
including nodes from the above defined executive network were identified. A significantly high number of these 
abnormal connections (75%) were found to involve the right rostral and caudal middle frontal gyrus. These nodes 
were part of edges comprised of the pars opercularis, orbitalis and temporalis, and other regions such as the insula, 
superior temporal and frontal, inferior parietal and lateral occipital. 
Conclusions: Aberrant structural connectivity of edges involved in the executive network was observed in patients 
with PSP, and the right middle frontal gyrus significantly contributed to this abnormality. These finding further 
contribute to the neuroanatomical basis for executive dysfunction in PSP. 

1037 
Identifying healthy Parkin mutation carriers based on sensor-based posturography and gait analysis 
J. Prasuhn, M. Borsche, A. Hicks, M. Gögele, C. Egger, C. Kritzinger, L. Langlott, M. Kasten, C. Klein, P. 
Pramstaller, N. Brüggemann (Lübeck, Germany) 
Objective: To discriminate healthy Parkin mutation carriers from healthy non-mutation carriers using sensor-based 
motion analysis. 
Background: Identifying endophenotypes for PD is crucial for testing potential neuroprotective therapies before 
progressive neurodegeneration occurs. Here, we used the presence of heterozygous Parkin mutations as a genetic 
risk factor for PD to investigate whether subtle motor alterations are present and whether they can be used to 
identify an increased susceptibility for PD. 
Methods: Twenty-five healthy heterozygous Parkin mutation carriers (14 female, age:  49 +/- 13 years) and 25 
healthy non-mutation carriers (10 female, age: 48 +/- 15 years) from the CHRIS study (Cooperative Health Research 
in South Tyrol) were clinically investigated and examined using the Mobility Lab (APDM Wearable Technologies). 
We performed posturography assessments with (i) feet open or apart or tandem feet, (ii) eyes open or closed and (iii) 
on firm or foam surface. Participants were also asked to walk for two minutes at (i) comfortable and (ii) fast walking 
speed and while (iii) performing a dual mental task and (iv) balancing a full glass. Gradient-boosted trees (GBT) 
were used to discriminate between carriers and non-carriers. The classification accuracy (Acc) and the area under 
the curve of the receiver-operator characteristics curve (ROC-AUC) were calculated. 
Results: Using the MDS-UPDRS III protocol, the clinical examination revealed no differences between groups. The 
best GBT-based model on posturography measurements (tandem feet, eyes closed, firm surface), however, showed a 
classification Acc of up to 86 %. The best performing GBT-based model for gait analyses showed classification Acc 
of up to 87% (dual-tasking (mental maths)). 
Conclusions: We demonstrated that subtle motor alterations, not detectable with the MDS-UPDRS III, are present 
in healthy individuals carrying a genetic risk factor for PD. Postural alterations and dual tasks are potentially useful 
to discriminate mutation carriers from non-mutation carriers. Our data-driven approach was thus able to identify a 
genetically defined susceptibility state that is associated with subtle motor signs. 

1038 
Acute Onset Parkinsonism Secondary to West Nile Virus Encephalitis 
M. Purbaugh, F. Ali, T. Diesing, A. Hellman (Omaha, NE, USA) 
Objective: To demonstrate a case of acute Parkinsonism caused by West Nile Virus (WNV) Encephalitis that 
improved with resolution of the infection. 
Background: Acute onset Parkinsonism has a variety of causes including dopamine antagonists, strokes and viral 
causes including flaviviruses such as WNV, St. Louis encephalitis and Japanese encephalitis, and influenza. 
Methods: History, Physical Exam, laboratory studies and MRI. 
Results: A healthy, well-functioning 79-year-old male with PMH of MCI, OSA presented with dramatic right sided 
tremor, fever, encephalopathy and meningismus. No previous hx of movement disorders were noted. Physical exam 
revealed bilateral upper extremity cog-wheel rigidity, narrow-based gait with decreased arm swing, 4-step turn, 
prominent right-sided resting tremor that was made worse with walking, facial tremor, bradykinesia with decrement 
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on finger tapping, frontal release signs and myoclonus. MRI showed white matter disease consistent with chronic 
small vessel disease. CSF studies showed a pleocytosis with monocyte predominance, elevated protein and WNV 
IgM indicating an acute infection. During his hospital course, the Parkinsonism started to show improvement. We 
followed up via phone 5 months after the patient’s hospitalization. The patient reported continued improvement in 
his tremor with a minor residual postural tremor, resolution of the myoclonus and improvement in his gait. 
However, he continues to have difficulty functioning at his prior level due to bradykinesia. He also reported 
worsening of his preexisting mild cognitive impairment. 
Conclusions: Viral induced Parkinsonism has been previously ascribed to a variety of viruses including WNV[1] 
[2] [3]. One case in 2003 described two relatively healthy patients who developed an acute encephalitis and 
concurrent parkinsonism that resolved with resolution of the disease[2]. St. Louis Encephalitis virus has also been 
documented to cause a transient Parkinsonism[1] [4]. While a rare cause of Parkinsonism, WNV should be 
suspected in cases of acute onset PD that occurs during or after a febrile illness. Further investigation is required to 
determine the incidence, predisposing factors and the likelihood of developing idiopathic Parkinson’s disease. 
References: Jang H, Boltz DA, Webster RG, Smeyne RJ. (2009). Viral parkinsonism. Biochim Biophys Acta. 
1792(7):714-21. Robinson RL, Shahida S, Madan N, Rao S, Khardori N. (2003). Transient parkinsonism in West 
Nile virus encephalitis. American Journal of Medicine 15(3):252-3. Solomon T, Fisher AF, Beasley DWC, Mandava 
P, Granwehr BP, Langsjoen H, Tracassos RD, Barrett, ADT, Resh, RB. (2003). Natural and Nosocomial Infection in 
a patient with West Nile Encephalitis and Extrapyramidal Movement Disorders. Clinical Infectious Disease 
36:e140-5. Wasay M, Diaz-Arrastia R, Suss RA, Kojan S. Haq A, Burns D, Ness PV. (2000). St. Louis Encephalitis 
A Review of 11 cases in a 1995 Dallas, Tex, Epidemic. 57:114-118. 

1039 
A general impaired-rhythm system underpins oro-motor, manual, and gait rhythmic disturbances in 
Parkinson’s disease 
F. Puyjarinet, V. Bégel, C. Gény, V. De Cock, V. Driss, M. Cuartero, S. Pinto, S. Dalla Bella (Montpellier, France) 
Objective: To assess whether rhythmic disturbances in three different domains (i.e., oro-motor, finger tapping and 
gait domains) are related in Parkinson's disease (PD), and to examine whether motor rhythmic performance across 
these domains can be predicted by rhythm perception, a measure of central rhythmic processing not confounded 
with motor output. 
Background: Individuals with PD manifest rhythmic impairments in a variety of motor tasks such as i) oral 
diadochokinesis [1], ii) finger tapping [2], and iii) gait [3]. These motor rhythmic deficits may result from a central 
disorder spanning across effectors and tasks. This hypothesis is appealing as it would provide a parsimonious 
account of a variety of rhythm disorders in PD, and has consequences for rhythm-based interventions. 
Methods: Twenty-two PD patients (mean age: 69.5, SD: 5.44) performed three rhythmic motor tasks: an oral 
diadochokinesis task (i.e., repetition of a pseudoword pataka), a finger tapping task (i.e., synchronization to 
metronomic and musical rhythms), and a gait task (walking on a computerized walkway). Correlational analyses 
were used for assessing relationships between the three motor rhythmic skills. Finally, we tested whether rhythm 
perception predicts rhythmic variability in the three motor domains with logistic regression models. 
Results: Variability in motor tasks (inter-syllable, inter-tap, and inter-stride time error) is related in the three 
rhythmic domains, as indicated by correlation tests (with rhos ranging from .50 to .55). Logistic regression models 
showed that rhythm perception (i.e., non-motor rhythmic skills) can predict rhythmic variability in each of the three 
motor domains: i) oro-motor domain (P = 0.013), ii) finger tapping domain (P = 0.010), and iii) gait domain (P = 
0.043). These results remained unchanged when controlling for production rate (Ps > 0.05). 
Conclusions: Rhythm deficits in different motor domains in PD are related, and may be underpinned by impaired 
central rhythm mechanisms, as assessed by a rhythm perception task. Beyond their theoretical implications, these 
findings have important clinical consequences as they offer the practitioners the possibility to assess the effect of 
rhythm-based interventions in PD within and across motor rhythm domains [4]. 
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References: [1] S. Skodda, A. Flasskamp, U. Schlegel, Instability of syllable repetition as a model for impaired 
motor processing: is Parkinson’s disease a “rhythm disorder”?, J. Neural Transm. 117 (2010) 605–612. 
doi:10.1007/s00702-010-0390-y. [2] C.E. Benoit, S. Dalla Bella, N. Farrugia, H. Obrig, S. Mainka, S.A. Kotz, 
Musically cued Gait-training improves both perceptual and motor timing in Parkinson’s disease, Front. Hum. 
Neurosci. 8 (2014). doi:10.3389/fnhum.2014.00494. [3] M.W. Creaby, M.H. Cole, Gait characteristics and falls in 
Parkinson’s disease: a systematic review and meta-analysis, Parkinsonism Rel. D. 57 (2018) 1–8. [4] V. Bégel, A. 
Seilles, S. Dalla Bella, Rhythm Workers: A music-based serious game for training rhythm skills. Music & Science, 
1 (2018) 1-16. doi: 10.1177/2059204318794369 

1040 
Braak model in Parkinson disease using MRI biomarkers 
N. Pyatigorskaya, L. Yahia-Cherif, R. Valabregue, R. Gaurav, M. Mongin, C. Ewenczyk, C. Gallea, F. Gargouri, E. 
Bardinet, I. Arnulf, M. Vidailhet, S. Lehericy (Paris, France) 
Objective: The aim of this study was to test using multimodal MRI biomarkers if the pattern of neurodegeneration 
in the brain of patients with PD fits the model of disease progression proposed by Braak and al. (2003). 
Background: Parkinson’s disease (PD) is a progressive neurodegenerative illness characterized by extensive 
dopaminergic neurons damage in the substantia nigra (SN), accompanied by extensive extranigral pathology. Braak 
et al. (2003) proposed a staging model, based on neuropathology, suggesting that damage extended progressively in 
6 stages from the medulla oblongata to cortical structures. This model has been challenged.  There is also a 
heterogeneity of the disease with some patients presenting more severe forms of the disease, for instance presenting 
rapid eye movement sleep behavior disorder (RBD). 
Methods: 54 patients with PD, including 34 PD-RBD were compared with 25 healthy volunteers. MRI acquisition 
included 3D T1-w images, DTI and T1-w neuromelanin-sensitive (NM) images. The regions of interest (ROIs) were 
segmented in cortical and subcortical regions, in the SN, the basalis, the locus coeruleus (LC), and pedunculopontine 
nucleus (PPN) (Fig. 1). Volume, neuromelanin signal, mean diffusivity (MD), axial diffusivity (AD) and radial 
diffusivity (RD) were calculated in the ROIs. 
Statistical analysis: Partial Least Squares Path-Modeling (PLS-PM) was used to build and test an analytical path 
model based on Braak staging (Fig 2). PLS-PM is an approach to Structural Equation Modeling to estimate a 
network of causal relationships between blocks of variables. The overall quality of the model was assessed using 
Goodness of fit coefficient (Gof). 
Results: Patients with PD showed increased MD, AD and LD in the medulla oblongata, PPN, basalis, hippocampus 
and amygdala. There was a significant decrease in LC-NM signal and SN-NM volume. 
PLS-PM was run first on all patients, then PD-RBD vs no RBD.  The Gof was significant for all patient groups 
indicating agreement with Braak’s model (0.72, p=0.002). The PD-RBD group showed the highest Gof (0.74, 
p=0.002) while Gof in PD without RBD was not significant (0.7, p>0.05, Fig 3). 
Conclusions: Using PLS-PM multi-modal imaging-based model, we found that the pattern of neurodegeneration in 
PD patients fitted Braak’s model of disease progression in PD patients with RBD (who probably had greater extent 
of damage in the brainstem) more than in patients without RBD. 
References: Bardinet E, Bhattacharjee M, Dormont D et al., A three-dimensional histological atlas of the human 
basal ganglia. II. Atlas deformation strategy and evaluation in deep brain stimulation for Parkinson disease. J 
Neurosurg. 2009; 110(2):208-19 Braak H. et al. Neurobiol Aging 2003;24:197–211. Burke RE et al. AnnNeurol 
2008 : Nov;64(5):485-91 Damier P. et al. Brain 1999;122:1437–48 ; Fereshtehnejad, Zeighami Y, Dagher A. Brain 
2017 : 140(7):1959-1976 Garcia-Lorenzo D. et al. Brain 2013;136:2120–2129; Jellinger K. 1991;14:153–97 ; 
Scherfler C. et al. Ann Neurol 2011;69:400-7 
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1041 
Improving neuroprotective effects of resveratrol by brain targeting through chitosan glutamate nanoparticles 
in MPTP induced parkinsonism 
M.-R. Rahman, V.-K. Kumar (Allahabad, India) 
Objective: The aim of the present study was to develop and evaluate the neuroprotective effects of resveratrol (RV) 
using chitosan glutamate nanoparticles (RV-CG-NPs) in a mouse model with MPTP induced Parkinsonism. 
Background: Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a stilbenoid, a type of natural phenol. The 
administration of a neurotoxin in Parkinson’s disease (PD) animal model resulted degeneration of the nigrostriatal 
dopaminergic (DA) neuron. Further evaluate the neuroprotective effects of resveratrol (RV) using chitosan 
glutamate nanoparticles (RV-CG-NPs) in a mouse model with MPTP induced Parkinsonism. 
Methods: The nanoparticles were prepared by ionic gelation method using chitosan and tripolyphosphate, and 
characterized for particle size distribution, encapsulation efficiency and in vitro drug release. Moreover, the 
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optimized nanoparticles were administered via intranasal route in C57BL/6 mice induced with parkinsonism by 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). 
Results: The optimized nanoparticles exhibited particle size of 131 nm, polydispersity index (PDI) of 0.21 and 
entrapment efficiency of 89%. Pharmacodynamically, MPTP made significant impairment on social recognition 
memory along with generation of striatal oxidative stress and reduced expression of tyrosine hydroxylase in 
striatum. Biodistribution study of nanoparticle formulation in brain of C57BL/6 mice showed significantly higher 
brain levels of resveratrol as compared to the plain resveratrol solution. The Cmax (890.12ng/ml) and AUC 
(1986.51 ng h/ml) of said optimized nano-formulation (i.n) were found to be significantly higher in the brain at all 
time points compared to RV solution (i.n) and chitosan glutamate-RV-NPs (i.v). Moreover, the nanoparticles also 
showed significant neuroprotection activity against MPTP-induced parkinsonism in mice. 
Conclusions: Overall, the results from the current work showed enhanced brain levels and neuroprotective effect 
resveratrol when administered through nanoparticles, which could be a substantial achievement of direct nose-to-
brain targeting in Parkinson's disease. 
References: 1. Palle S, Neerati P. Improved neuroprotective effect of resveratrol nanoparticles as evinced by 
abrogation of rotenone-induced behavioral deficits and oxidative and mitochondrial dysfunctions in rat model of 
Parkinson's disease. Naunyn Schmiedebergs Arch Pharmacol. 2018 Apr;391(4):445-453. 2. Mahfoozur Rahman. 
Rutin as protective and beneficial effect against 6-hydroxydopamine induced Parkinson’s disease model via altered 
the genetic ackgrounds” Got full travel grant award in IAPRD 2017. 
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Apigenin loaded Phospholipid based nanoemulsion in Therapeutics of Parkinson's Disease Via Attenuation of 
Oxidative Stress and Upregulation of Dopamine. 
M.-R. Rahman, V.-K. Kumar (Allahabad, India) 
Objective: The aim of the present study was to develop, optimizes and evaluate the antiparkinson effects of 
apigenin loaded phospholipid based nanoemulsion via attenuation of oxidative stress and upregulation of dopamine. 
Background: Parkinson’s disease (PD) caused by degeneration of dopaminergic neurons in the substantia nigra, it 
is linked with the oxidative stress, neuroinflammation and apoptosis. Apigenin (AP) is a flavone enriched in fruits 
and vegetables, which possess numerous therapeutic actions including anti-apoptotic, anti-inflammatory and free 
radical scavenging activities. 
Methods: The antioxidant action was evaluated by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and reducing power 
assay, which founds high scavenging efficiency for apigenin loaded phospholipid based nanoemulsion as compared 
to pure apigenin. The pharmacokinetic parameters and Dopamine concentration were also determined. 
Results: The optimized apigenin loaded phospholipid based nanoemulsion was founds drug loading capacity of 
12%, entrapment efficiency of 81%, particle size of 60 nm, in vitro drug release (60% in first 6 h), higher 
cytotoxicity and cellular uptake. The said formulation delivers higher concentration of apigenin to brain via nasal 
route. Whereas the Biochemical estimation evaluation showed that higher levels of antioxidant enzymes including 
glutathione, superoxide dismutase and lower level of thiobarbituric acid reactive substances in treated group of rats 
after receiving of said formulation via intranasal route over haloperidol-induced Parkinson's disease group (control). 
The intranasal administration of said formulation founds brain: blood ratio of 3.01>0.097 in 1 h over apigenin 
solution respectively. Furthermore, it showed direct nose to brain delivery of drug by passing blood brain barrier. 
Apart from this, the pharmacokinetics of intranasally administered apigenin loaded phospholipid based 
nanoemulsion showed significantly higher dopamine concentration (19.21 ± 2.06 ng/mL) over haloperidol treated 
rats (7.21± 1.06 ng/mL). 
Conclusions: From the above results, the apigenin loaded phospholipid nanoemulsion might play an important role 
in the effective management of Parkinsons disease in the near future. 
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1043 
Cognitive impairment in patients with Parkinson's syndrome 
S.h. Rakhimova, I. Usmonaliev, Y. Musaeva (Tashkent, Uzbekistan) 
Objective: Study the principle of cognitive impairment in Parkinson's syndrome (brain cerebral circulation disorder, 
backdrop of atherosclerosis). 
Background: Parkinsonism-neurologic syndrome is a disorderly degenerative disease of the nervous system, 
characterized by akinesia, rigidity, tremor in calmness and postural insufficiency. One of the pressing problems in 
the world of medicine. In the last 20 years, cerebral hemorrhages and atherosclerosis have been associated with 
Parkinson's syndrome. Loss of cerebral blood vessels is one of the main causes of Parkinsonism development. The 
first symptoms of the disease appear in the 50's and 60's of the patient's life. 
Methods: Neurology Department presented 24 patients with cognitive impairment in Parkinson's syndrome. 46% of 
them (11) had cerebral (75% male, 25% female) atherosclerosis, 37% (9) hypertension (40% in men, 60% in 
women), 17% (4) (75% in men and 25% in women). Both patients have an average age of 58 and 10 for men and 14 
males. 
Cognitive functions were evaluated in a total 30-point scale in the MMSE scale. The scale was inspected at 9 stages. 
23 points (19-27) for women in the MMSE scale; in men with 25 points (18-28). 
Results: Cognitive disorders are mainly: recall - 85% (20) (80% of men), (100% of women); attention  and 
calculation: 57% (14) (40% men), (100% women); repetition-100% (24)  (100% of men), (100% for 
women);complex commands-100% (24) (100% of men), (100% of women); orientation to time - 17% (4) (50% 
men, 50% women); orientation to place - 0%; registration - 0%; language- 0% in patients. 
Conclusions: Patients with parkinsonism need to conduct a comprehensive neuropsychological study for the early 
detection of cognitive impairments and groups of risk with the inevitable progression of cognitive impairments and 
the further formation of dementia for the timely start of their correction. 
References: 1.Association between mild parkinsonian signs and mild cognitive impairment in a community-ED 
Louis, N Schupf, J Manly…-Neurology,2005-AAN Enterprises 2.The distinct cognitive syndromes of Parkinson’s 
disease: 5 years follow-up of the CamPaIGN cohort-CH Williams-Gray,JR Evans,A Goris, T Foltynie-Brain,2009 
3.Neuropsychological and clinical heterogeneity of cognitive impairment and dementia in patients with Parkinson’s 
disease-AA Kehagia, RA Barker, TW Robbins -The Lancet Neurology-2010 

1044 
Retinal thickness and microvascular pattern in early Parkinson’s disease. 
C. Rascunà, C. Terravecchia, A. Russo, G. Mostile, C.E. Cicero, A. Luca, N. Castellino, A. Longo, T. Avitabile, M. 
Reibaldi, M. Zappia, A. Nicoletti (Catania, Italy) 
Objective: To detect changes in retinal thickness and their possible correlates with microvascular pattern in early 
PD patients as compared to controls. 
Background: Physiologically, retinal dopaminergic neurons modulates colour vision and contrast sensitivity. 
Retinal dopaminergic depletion has been observed in Parkinson’s Disease (PD), possibly explaining some of the 
associated visual symptoms. Spectral-domain optical coherence tomography (SD-OCT) studies demonstrated 
thickness reduction of the inner retinal layer in PD patients, notably in the nerve fiber layer (RNFL) [1]. However, 
few studies have focused on possible correlation between RNLF thickness and retinal microvascular angiographic 
pattern [2]. 
Methods: Patients fulfilling UK-Brain-Bank criteria for PD were recruited. Healthy subjects were also  enrolled as 
controls. Exclusion criteria were glaucoma, concurrent retinal disease, ocular trauma, cataract, high intraocular 
pression, systemic disease impairing visual system (diabetes, uncontrolled hypertension/hypotension, cardiovascular 
diseases) and other neurological diseases. Retinal microvascular pattern was analysed using coherence tomography 
angiography (OCT-A) and segmentation analysis of retinal layers using SD-OCT. Retinal microvasculature was 
automatically divided into superficial and deep capillary plexus (SCP and DCP) to be analyzed. 
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Results: N=21 eyes from PD patients (age: 63.33±6.78 years) and N=16 eyes from healthy controls (age: 
57.25±6.87 years) were evaluated. Considering age difference between-group, statistical inference has been 
performed using age as covariate. PD patients showed significant lower microvascular density in each macular DCP 
zones, compared to controls. Thickness of RNFL resulted significantly lower in PD patients as compared to control 
(p=0.05). In PD patients, there was a positive correlation between RNFL thickness and both superficial and deep 
foveal microvascular density (respectively, r=0.67, p=0.006; r=0.65, p=0.008). 
Conclusions: Retinal microvascular impairment and thinner RNFL were found in PD patients with respect to 
controls. The correlation we found between foveal microvascular density and intraretinal layers thickness in our PD 
study patients could partially explaine visual symptoms described since the early stage of disease. 
References: 1. Maria Satue, JavierObis, Maria J. Rodrigo, Sofia Otin, MariaI Fuertes, Elisa Vilades, Hector Gracia, 
Jose R. Ara, Raquel Alarcia, Vicente Polo, Jose M. Larrosa, Luis E. Pablo and Elena Garcia-Martin. Optical 
Coherence Tomography as a Biomarker for Diagnosis, Progression, and Prognosis of Neurodegenerative Diseases. 
2016. J Ophthalmol. 2016; 2016: 8503859. 2. William Robert Kwapong, Hua Ye, Chenlei Peng, Xiran Zhuang, 
Jianhua Wang, Meixiao Shen, and Fan Lu. Retinal Microvascular Impairment in the Early Stages of Parkinson’s 
Disease. Invest Ophthalmol Vis Sci. 2018 Aug 1;59(10):4115-4122. 

1045 
Risk of Parkinson’s in idiopathic anosmia 
R. Rees, S. Gane, C. Philpott, A. Noyce, A. Schrag (London, United Kingdom) 
Objective: To identify markers of increased risk of Parkinson’s in a cohort of individuals with idiopathic anosmia 
Background: Smell loss (anosmia) is a common finding in people with Parkinson’s disease (PD), although it is also 
quite common in older age. Population studies assessing the prodromal phase of Parkinson’s have therefore included 
individuals with smell loss. However, the differential diagnosis of anosmia is broad, and it's likely that only a subset 
are linked to neurodegeneration. 
Methods: We assessed neurologically healthy patients aged 60-80y from two specialist ENT clinics (James Paget 
Hospital, Norfolk; RNTNE, London). All participants had a diagnosis of idiopathic anosmia after comprehensive 
investigation, including objective smell testing, nasendoscopy, and cross-sectional imaging. Participants completed 
online PREDICT-PD testing (www.predictpd.com) followed by an in-person assessment with standardised physical 
(MDS-UPDRS, timed up and go, handwriting), cognitive (Montreal Cognitive Assessment, verbal fluency) and 
autonomic (postural blood pressure, SCOPA-AUT) and other assessments. 
Results: We recruited 24 participants (M:F 42:58%), mean age 71.1y (SD 3.8y). Participants had a mean of 14.4 
years of education (SD 3.1). Adjusted MoCA scores had a median of 26.5/30 (IQR 24.75-28.0). There was a range 
of subtle motor impairment, median UPDRS III 4.5 (IQR 1.75-8.0, max 20) and median 3m up-&-go time 8.35s 
(IQR 7.8-9.3, max 13s). Although autonomic function, assessed by the SCOPA-AUT, appears in the normal range 
(mean 8.7, SD 6.7), there were several participants severely affected. 
Conclusions: This is the first UK-based prospective study of individuals with idiopathic anosmia assessing 
prodromal Parkinsonian features. There is subtle cognitive and motor impairment, although autonomic function does 
not seem to be severely affected. 

1046 
The contribution of cerebrovascular risk factors, metabolic and inflammatory changes to cognitive decline in 
Parkinson’s disease 
I. Rektor, B. Vesely, N. Bohnen, E. Koritakova, E. Kurca, P. Valkovic (Brno, Czech Republic) 
Objective: To examine the contributions of systemic factors to clinically relevant cognitive decline in Parkinson’s 
disease (PD), we studied the impact of cardiometabolic and inflammatory factors on cognitive status and on risk of 
conversion from normal cognition (NC) to mild cognitive impairment (MCI). 
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Background: Cognitive impairment in PD may  be influenced by medical co-morbidities, including vascular 
impairment and metabolic and inflammatory factors[1,2,3]. The extent to which the contribution of these  co-
morbidities is clinically relevant  is unclear. 
Methods: Medical history, vascular risk (QRISK2 -  age, gender,  cholesterol, blood pressure, diabetes, smoking, 
body mass index, and kidney disease )  [4]; metabolic factors, and brain vessel ultrasonographic examinations were 
collected in fifty-eight PD patients at baseline. Patients were classified as normal cognition (NC) or MCI [5] 
Results: Forty patients had NC and 18 patients had MCI at baseline.  The baseline MCI group were older, less 
educated and displayed increased intima-medial thickness of the right carotid artery, higher complement C3 and 
interleukin 6 blood levels, and had folic acid below normal range more frequently. After correction for multiple 
comparisons, education, age, C3, and IL-6 remained statistically significant. Patients with NC at baseline were 
classified into two groups: patients who remained cognitively normal (non-converters, n=23) and patients who 
progressed to MCI (converters, n=11). Vascular and metabolic factors deteriorated along with clinical status over a 
two-year period. A combination of higher QRISK2, lower uric acid levels, and worse ADL functions had high 
accuracy (82.4%) in predicting conversion to MCI. 
Conclusions: Co-morbidities contribute to clinically relevant cognitive deterioration in PD.    A model predicting 
the decline from NC to MCI over a two-year period could be constructed. Our results  make it is increasingly clear 
that potentially treatable medical factors or co-morbidities are clinically relevant for  cognitive decline in PD. We 
propose that a careful evaluation of the general health status (not only from a strict neurological perspective) of 
patients with PD should performed and effectively managed in routine clinical practice.Management of co-
morbidities may be an important treatment strategy for preventing and reducing cognitive decline in PD. 
References: [1]Rektor I, Goldemund D, Sheardová K, Rektorová I, Michálková Z, Dufek M. Vascular pathology in 
patients with idiopathic Parkinson’s disease. Parkinsonism Relat Disord 2009;15(1):24–29. [2]Rektor I, Goldemund 
D, Bednařík P, et al. Impairment of brain vessels may contribute to mortality in patients with Parkinson’s disease. 
Mov Disord 2012;27(9):1169–1172. [3]Veselý B, Dufek M, Thon V, et al. Interleukin 6 and complement serum 
level study in Parkinson’s disease. J Neural Transm 2018;125(5):875–881. [4]QRISK®2-2016 risk calculator, 
dowloaded on 31st January 2016 from https://qrisk.org/2016/ [5]Litvan I, Goldman JG, Tröster AI, et al. Diagnostic 
criteria for mild cognitive impairment in Parkinson’s disease: Movement Disorder Society Task Force guidelines. 
Mov Disord 2012;27(3):349–356. 

1047 
Validation of the Movement Disorder Society criteria for the diagnosis of 4R-tauopathies 
G. Respondek, M.J. Grimm, I. Piot, T. Arzberger, Y. Compta, E. Englund, L.W. Ferguson, E. Gelpi, A. Giese, S. 
Roeber, D.J. Irwin, W.G. Meissner, C. Nilsson, A. Pantelyat, A. Rajput, J.B. Rowe, J.C. Van Swieten, C. Troakes, 
G.U. Höglinger (Munich, Germany) 
Objective: To validate the accuracy of the newly proposed Movement Disorder Society diagnostic criteria for 
progressive supranuclear palsy (MDS-PSP criteria, Höglinger et al., 2017) to predict an underlying 4R-tauopathy. 
Background: PSP and corticobasal degeneration (CBD) are tauopathies with predominant aggregation of 4-repeat 
tau. Clinically, they are often difficult to differentiate, since the symptoms of PSP and CBD overlap. Since PSP and 
CBD share many pathological mechanisms, joint clinical recognition as 4R-tauopathies may offer unique 
opportunities for neurobiological investigations and therapeutic interventions. Therefore, the MDS-PSP criteria 
introduced a new category for “probable 4R-tauopathies”, comprising patients with a diagnosis of “probable PSP” 
(any phenotype), “possible PSP with speech/language dysfunction (PSP-SL)” and “possible PSP with corticobasal 
syndrome (CBS)”. The diagnostic accuracy of this category has not yet been validated. 
Methods: Autopsy-confirmed patients with a pathological diagnosis of PSP and CBD (jointly grouped as 4R-
tauopathies), and PD, MSA and FTLD (jointly grouped as non-4R-tauopathies) were identified. Detailed clinical 
information was obtained for each case by retrospective chart review. Accuracy of the MDS-PSP criteria for 4R-
tauopathies was analyzed after retrospective application to this case series. 
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Results: We identified 250 cases with a 4R-tauopathy (PSP: 195, CBD: 55) and 161 cases with a non-4R-tauopathy 
(PD: 51, MSA: 50, FTLD: 60) with detailed clinical information from multiple brain banks. In the first 2 years of 
disease, a diagnosis of “probable 4R-tauopathy” as defined in the MDS-PSP criteria had a sensitivity of 19% and a 
specificity of 99% for 4R-tauopathies. At final record, a diagnosis of “probable 4R-tauopathy” had a sensitivity of 
59% and a specificity of 88%. Sensitivity for CBD was lower (38%) than for PSP (65%). 
Conclusions: The new diagnostic category for “probable 4R-tauopathies”, defined by the MDS-PSP criteria, shows 
high specificity for 4R-tauopathies and may be suitable for joint recruitment of patients into therapeutic trials 
targeting 4R-tau. 
References: Höglinger et al. Clinical diagnosis of progressive supranuclear palsy: The movement disorder society 
criteria. Mov Disord. 2017;32:853-864. 

1048 
Does automated analysis of repeat DaTscan imaging aid diagnosis in suspected Lewy body disorders? 
F. Richardson, N. Vennart, P. Bartholomew, C. McDonald (Gateshead, United Kingdom) 
Objective: To establish if repeat SPECT imaging, using automated quantitative analysis, aids diagnosis in suspected 
Lewy Body Disorders (LBD). 
Background: Patients with suspected LBD are usually diagnosed on clinical criteria. Guidelines recommend use of 
imaging in cases of diagnostic uncertainty. A proportion who clinically appear to have LBD have normal scans. Use 
of automated software to aid reporting has become common. Here we used quantitative analysis using Hermes 
BRASS and examined whether repeat imaging could aid diagnosis. 
Methods: Case notes for all patients who had 2 DaTscans between 17/6/2014 and 6/2/2019 were reviewed. 
Indications for scan, result, clinical diagnosis, interval between scans and subsequent diagnosis was recorded. Data 
were analysed to establish if a repeat scan changed diagnosis. Semi-quantitative analysis using Hermes BRASS 
analysis was performed on all scans. 
Results: Of 1097 patients who underwent DaT, 12 Patients (8 male) had 2 scans. Mean age was 80 (SD 7.7). At 
baseline 7 patients had Parkinsonism, 5 only reported neuropsychiatric features suggested of DLB. 
At baseline 10 scans did not show dopaminergic deficit visually and on BRASS criteria (z>-3 at all sites), 1 
corresponded with a basal ganglia infarct and 1 was consistent with dopaminergic deficit (visual uptake deficit 
and/or abnormal BRASS, z≤-3 at any site). 
Mean interval between scans was 22 months (SD 9.6). 9 were repeated due to new or worsening Parkinsonism, 3 for 
worsening hallucinations. In 10 cases the follow-up remained normal. Where the initial scan was suggestive of a 
dopaminergic deficit, follow-up confirmed this. In 2 cases where the initial scan was normal repeat showed 
dopaminergic deficit based on BRASS criteria.  
Our findings warrant further exploration: 1) patients with a final diagnosis of drug induced parkinsonism (n=3) 
showed an increase in BRASS z-score (mean Δz=+1.1 ± 0.5 (SD) over all sites); 2) two patients with a final 
diagnosis of DLB had decreased z-score (mean Δz=-0.85 ± 0.4 (SD) over all sites); 3) Three patients, working 
diagnosis non-LBD (normal DaTscans), showed decreases in z-score suggesting possible misdiagnosis. 
Conclusions: Changes in BRASS z-score following repeat scan have potential for improving the accuracy of the 
technique with positive Δz confirming DIP and negative Δz confirming LBD 

1049 
Cortical thickness analysis in Parkinson’s disease with urinary symptoms 
R. Roh, K. Kim, K. Koh (Seoul, Republic of Korea) 
Objective: This study aimed to identify the significant region which can be related to urinary symptoms in 
Parkinson’s disease using correlation analysis between non-motor symptoms assessment scale(NMSS) domain 7 and 
cortical thickness of various areas. 
Background: Various non-motor symptoms are present and emerge with disease progression in Parkinson’s 
disease. Among these non-motor symptoms, urinary symptoms such as frequency, nocturia and urgency are not only 
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common problems but also can contribute to impaired quality of life. However, exact mechanism causing urinary 
problems in Parkinson’s disease have not been known well. 
Methods: Total 91 patients who were diagnosed as idiopathic Parkinson’s disease between January 2010 and 
December 2017 were enrolled. And the correlation analysis between their NMSS domain 7 scale (which were 
constituted of three components ; frequency, urgency, nocturia and can measure the severity of urinary symptoms in 
Parkinson’s disease) and cortical thickness was conducted using Freesurfer image analysis suiteversion 
6.0.(Martinos Center, Havard University, Boston, MA; http://surfer.nmr.mgh.harvard.edu) 
Results: In correlation analysis between NMSS domain 7 scale and cortical thickness, supramarginal(p=.018), 
precuneus(p=.005), temporal pole(p=.014), precentral(p=.019) area of left hemisphere were significantly inverse-
correlated with NMSS domain 7 scale. And we can also find that the insula(p=.003), precuneous(p=.002), 
parsorbitalis(p=.040) area of right hemisphere had significant inverse correlation to NMSS domain 7 scale.(Figure 
1) 
Conclusions: This study demonstrates significant inverse correlation between cortical thickness of various cortices 
in bilateral hemisphere and NMSS domain 7 scale. Although it is unclear that how these cortices are associated 
exactly with the urinary disorder in Parkinson’s disease, it can provide us a hypothesis that various cortices with a 
significant inverse-correlation with NMSS domain 7 scale may represent a trait marker for urinary symptoms in 
Parkinson’s disease. 

 

1050 
Neuromelamin-MRI in patients with Pure Autonomic Failure 
O. Roman, P. Trujillo-Diaz, K. Hay, I. Biaggioni, C. Shibao, D. Claassen (Nashville, TN, USA) 
Objective: To assess the utility of neuromelanin-MRI (NM-MRI) methods in a prodromal alpha-synuclein disorder, 
Pure Autonomic Failure (PAF). 
Background: PAF is a peripheral alpha-synucleinopathy (AS) characterized by denervation of peripheral autonomic 
fibers and resulting autonomic dysfunction. PAF patients are at high risk of converting to a central AS (PD, MSA, or 
DLB), and do so at a rate of 14% per year [1]. There is a need for validated predictors of phenoconversion, given the 
goal of developing disease-modifying treatments. 
NM is an endogenous pigment created as a by-product of dopamine synthesis in the substantia nigra (SN), and is 
detectable using MRI methods. Previous studies have validated its use in PD and prodromal REM behavior disorder 
(RBD). 
Methods: We applied NM-MRI methods to assay SN integrity in 9 healthy controls and 9 with PAF. All 
participants completed a UPDRS-Motor exam, Mayo Sleep Questionnaire (history of RBD), and clinical evaluation 
of anosmia. 
To measure SN integrity, the signal contrast ratio (CR) between the SN and a reference region, the crus cerebri 
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(CC), was determined. Bilateral 6x6-voxel ROIs were placed in the CC and the medial, central, and lateral parts of 
the SN, in 4 consecutive axial slices. The CR between the CC and each SN subregion was calculated using 
established methods. 
Results: The mean age of the healthy control group was 61 years, with 5 male participants. The mean age of the 
PAF group was 69 years, with 6 males; the mean UPDRS-Motor score was 10.75 (range 3-26), 5 had both RBD and 
anosmia, 2 had RBD only, and 2 had anosmia only. 2 patients had recently been diagnosed with a manifest central 
AS (1 PD, 1 possible MSA). 
The main finding on NM-MRI was that the PAF group had decreased CR in the lateral SN compared to controls, 
while the CR in the medial SN was similar between the two groups. 
Conclusions: Our findings suggest early lateral greater than medial SN loss in PAF. Notably, this pattern of SN 
degeneration has been observed in numerous studies of SN integrity in patients diagnosed with parkinsonian 
disorders. Continued study of the PAF population on a large scale will be beneficial for elucidating early brain 
changes in AS disorders; following these patients longitudinally may additionally help distinguish more subtle 
differences between those that develop PD, MSA, or DLB, as well as those who remain as PAF. 
References: 1. Kaufmann H, Norcliffe-Kaufmann L, Palma J-A, et al. The Natural History of Pure Autonomic 
Failure: a U.S. Prospective Cohort. Ann Neurol. 2017;81(2):287-297. doi:10.1002/ana.24877 
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Prevalence and predisposing factors of Parkinson disease: A barangay community-based study in Quezon, 
Philippines 
M.C. Rosales, D.J. Robles, R. Rodriguez, N.B. Romana, J.M. Rosales, G. Salazar, R. Rosales (Manila, Philippines) 
Objective: The researchers aim to determine the prevalence of the Parkinson Disease in a locale and explore the 
possible predisposing factors on the development of the disease. 
Background: Parkinson disease (PD) is a neurodegenerative disorder affecting the central nervous system caused 
by the death of dopaminergic cells in the ventral region of the pars compacta of the substantia nigra. The subsequent 
lack of dopamine causes movement-related disorders including tremors, rigidity, hypokinesia, and postural 
instability. Development of the disease is through certain environmental, hereditary, and genetic factors. In the 
Philippines, PD is a rarely seen disorder and establishing a prevalence study has been difficult for neurologists. 
Prevalence of the disease in the country has been estimated to be less than 1% based on a 2007 study conducted by 
the Philippine Neurologic Association but without ascertainment of cases. 
Methods: The research was conducted through a two-phase descriptive design, consisting of a screening method via 
questionnaires followed by case ascertainment. Point prevalence rate was used for statistical treatment. 
Results: It was found that out of three hundred sixty-five respondents in the community, there were two cases of PD 
- one male and one female case. 
Conclusions: Thus, the prevalence of PD was 0.55% or approximately 0.1%, which is consistent with current 
literature noting the nationwide prevalence of PD in the Philippines. 
References: 1. Davie, C.A. (2008). A review of Parkinson disease. Br. Med. Bull. 86 (1): 109–27. 
doi:10.1093/bmb/ldn013 2. Obeso, J.A., Rodríguez-Oroz, M.C., Benitez-Temino, B. et al. (2008). Functional 
organization of the basal ganglia: therapeutic implications for Parkinson disease. Mov. Disord. 23 (Suppl 3): S548–
59. doi:10.1002/mds.22062 3. Jankovic, J. (2008). Parkinson disease: clinical features and diagnosis. J. Neurol. 
Neurosurg Psychiatr. 79(4): 368–76.doi:10.1136/jnnp.2007.131045 4. Rabo, C., Rosales, R.L. (2009). The 
occurrence of fatigue in independent and clinically stable Filipino patients with idiopathic Parkinson Disease, 
Journal of Movement Disorders 2:18-21; KOREA 5. Go, C.L., Rosales, R.L., Tanglao, M.J., & Fernandez, H.H. 
(2011). Depressive symptoms among cognitively-intact, community-dwelling Filipino patients with Parkinson 
disease. International Journal of Neuroscience; 121(3):137-4. USA 6. De Lau L.M., Breteler M.M. and Breteler 
(June 2006). Epidemiology of Parkinson disease. Lancet Neurol. 5(6): 525–35.doi:10.1016/S1474-4422(06)70471-9 
7. Sheperjans, F., Aho, V., Pereira, P.A.B., Koskinen, K., Paulin, L., Pekkonen, E., Haapaniemi, E., Kaakkola, S., 
Eerola-Rautio, J., Pohja, M., Kinnunen, E., Murros, K., Auvinen, P. (2014); Gut microbiota are associated with 
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Parkinson disease and clinical phenotype – A case-control study, Movement Disorders; 29 Suppl 1:1548 8. Vizcarra, 
J.A., Wilson-Perez, H.E., Espay, A.J. (2014); The power in numbers: Gut microbiota in Parkinson disease (pages 
296–298), Movement Disorders; 30 (3): 296-298 9. Braak, H., & Del Tredici K. (2008). Invited article: nervous 
system pathology in sporadic Parkinson disease. Neurology. 70: 1916–1925 10. Lesage, S., Brice, A., & Brice 
(2009).Parkinson disease: from monogenic forms to genetic susceptibility factors. Hum. Mol. Genet. 18(R1): R48–
59. doi:10.1093/hmg/ddp012 11. Hatano, Y., Li Y., Sato, K., Asakawa, S., Yamamura, Y., Tomiyama, H., Yoshino, 
H., et al. (2004). Novel PINK1 Mutations in Early-onset Parkinsonism. Annals of Neurology, 56:424-427, 2004, 
USA 12. Tan, L.C.S., Venketasubramanian, N., Hung, C.Y., et al. (2004). Prevalence of Parkinson disease in 
Singapore: Chinese vs Malays vs Indians. Neurology. 62: 1999-2004. 13. Roxas, A., Gose, M., Dominguez, J., 
Liban, S., Rosales, R.L. & Sosa, M. (2007). The prevalence of stroke, Parkinsonism, dementia, migraine and 
epilepsy in the Philippines, part I: the validation of the PNA questionnaire. Philippine Journal of Neurology 
(PhilJNeurol) 11(1): 1-4 14. Roxas, A., Gose, M., Dominguez, J., Liban, S., Rosales, R.L. & Sosa, M. (2007). The 
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1052 
Pharmacokinetics of ABBV-951 Following 24-Hour Continuous Subcutaneous Infusion to Arm, Abdomen 
and Thigh 
M. Rosebraugh, P. Kym, W. Liu, M. Facheris, J. Benesh (North Chicago, IL, USA) 
Objective: Characterize levodopa pharmacokinetics (PK) and safety/tolerability of ABBV-951 in healthy volunteers 
at 3 different subcutaneous (SC) infusion sites: Arm, Abdomen and Thigh 
Background: As Parkinson’s disease (PD) progresses, symptoms are no longer well controlled by oral medication 
due to the narrowing therapeutic window.  ABBV-951 is a new investigational drug being developed for the 
treatment of PD that provides therapeutic levels of levodopa over a 24-hour period.  Although SC infusions are 
typically administered to the abdomen, PD patients may prefer alternative infusion sites.  The current work 
characterizes the relative exposure of levodopa following ABBV-951 infusion to different sites of body. 
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Methods: ABBV-951 was administered SC to the abdomen, arm and thigh to 12 healthy volunteers (45-75 years 
old) over a 24-hour period in a 3-way randomized crossover design.  Serial plasma PK samples were collected to 
assay for levodopa concentrations.  Safety and tolerability were assessed throughout the study. 
Results: Levodopa exposure was similar and PK profile was overlapping at 3 different SC infusion sites following 
ABBV-951 infusion.  The ABBV-951 infusion was well tolerated with no notable pattern in adverse event profile 
across different infusion sites.  All AEs were mild and did not cause discontinuation from the study. 
Conclusions: Following ABBV-951 infusion to different SC sites, levodopa exposure, safety and tolerability were 
similar. Although the abdomen is the most common area for SC infusions, this study suggests that PD patients can 
choose alternative SC infusion sites, which show interchangeable bioavailability. 

1053 
Parkinsonism and rapidly progressive dementia secondary to free-living ameba 
M. Rubio Hernandez, I. Rodriguez Leyva, M. Tello Zavala, A. Ortiz Alvarez, C. Gallegos Rios (San Luis Potosi, 
Mexico) 
Objective: Present an original case description of a patient with amebic meningoencephalitis. 
Background: Parkinsonism could be caused by degenerative disorders, brain injuries, drugs, toxins, and infections. 
Free-living amoebas (FLA) exist in nature without the need for a host; Naegleria, Acanthamoeba, Balamuthia, and 
Sappinia cause CNS infection with two clinical syndromes well recognized: Primary and granulomatous amebic 
encephalitis. These are rare causes of CNS infection which must be considered in patients with no response to 
antibiotic treatment and exposition risk. FLA are widely found in the American continent. Hispanic patients are 
possible more affected; it has been correlated with agricultural exposure, swimming or gardening. A literature search 
was done at Pubmed, Scopus, and Web of Science. We did not find reports of parkinsonism and FLA until now. 
Methods: A 60-year old man with hypertension and DM2. Onset: March 2018 with diarrhea, abdominal pain, fever, 
nausea, and a non-ulcerated plaque diagnosed as herpes in the right thigh. He received symptomatic treatment at the 
ER. Ten days later, tonic-clonic seizures, fever, disorientation, and gait instability. EEG: Left temporal and frontal 
epileptic discharges; MRI: right striatal lesion [figure1], LP [Table1]. Meningeal tuberculosis treatment was initiated 
without improvement. Two months later, he presented impaired mentation, shuffling steps, bradykinesia, tremor, 
insomnia, and loss control of sphincters. Another LP was done (Table1]; a new MRI showed a different left striatum 
lesion [Figure2].  Levodopa, citalopram, and prednisone were added to tuberculosis treatment: Clinical and control 
LP two weeks later [Table1] without improvement. 
Results: Meningeal biopsy and cerebrospinal fluid cytology: Presence of a free-living amoeba [Figure3]. Treatment 
with Amphotericin-B, chloramphenicol, albendazole, trimethoprim-sulfamethoxazole, and rifampicin was 
prescribed with a progressive and dramatic clinical improvement (cognition, language, tremor, and speed of gait) 
and in subsequent CSF samples [Table1]. 
Conclusions: : To our knowledge, there are no previous reports of the association between parkinsonism and CNS 
free-living ameba infection. Epidemiology, histopathologic examination, and treatment response let us recognize an 
FLA different of Naegleria, Balamuthia or Acanthamoeba as the causal agent for this uncommon disorder. 
References: 1. Schuster FL, Visvesvara GS. Free-living amoebae as opportunistic and non-opportunistic pathogens 
of humans and animals. International Journal for Parasitology. 2004 Aug;34(9):1001–27. 2. Trabelsi H, Dendana F, 
Sellami A, Sellami H, Cheikhrouhou F, Neji S, et al. Pathogenic free-living amoebae: Epidemiology and clinical 
review. Pathologie Biologie. 2012 Dec;60(6):399–405. 3. Visvesvara GS. Infections with free-living amebae. In: 
Handbook of Clinical Neurology [Internet]. Elsevier; 2013 p. 153–68. 4. Campos P, Cabrera J, Gotuzzo E, Guillén 
D. Neurological involvement in free living amebiasis. Rev Neurol. 1999 Aug 16;29(4):316–8. 5. Król-Turmińska K, 
Olender A. Human infections caused by free-living amoebae. Annals of Agricultural and Environmental Medicine 
[Internet]. 2017 Mar 1. 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

 

1054 
Motor and Non-Motor Symptom Burden in Parkinsonian and Cerebellar Phenotypes of Probable MSA 
M.R. Rukmani, R. Yadav, P.K. Pal, B. Bhaskarapillai, T.N. Sathyaprabha (Bangalore, India) 
Objective: We aimed to assess the disease severity, non-motor symptoms and cardiac autonomic dysfunction in 
MSA phenotypes. 
Background: Multiple system atrophy (MSA) is an adult-onset, sporadic, neurodegenerative disorder with 
parkinsonian (MSA-P) and cerebellar (MSA-C) phenotypes. There is limited data related to disease severity, non-
motor symptom burden and autonomic dysfunction in Indians affected with probable MSA-P and MSA-C. 
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Methods: This is a prospective cohort study. The study population comprised of 60 probable MSA patients (MSA-
P=18; MSA-C=42). Clinical parameters, Unified MSA rating scale (UMSARS), Pittsburgh sleep quality index 
(PSQI), REM behavior disorder screening questionnaire (RBDSQ) and tilt table test were the study tools. 
Results: Mean age of onset of MSA was 51±7 years for MSA-P and 52±6 years for MSA-C subgroups. Median 
disease duration was 2 years in both subgroups. Mean UMSARS I (historical review) was 17.7±5.2 in MSA-P and 
18.2±5.5 in MSA-C patients. Mean UMSARS II (motor examination) was 23.1±7.6 in MSA-P and 22.3±6.2 in 
MSA-C patients. Among the non-motor symptoms, 88.9% MSA-P and 95.2% MSA-C patients had bladder 
disturbances; 92.9% MSA-P and 87.5% MSA-C males had erectile dysfunction; 77.8% MSA-P and 64.3% MSA-C 
patients had constipation; 88.9% MSA-P and 95.2% MSA-C patients had REM behavior disorder (RBDSQ score 
>5), 100% MSA-P and MSA-C patients had poor sleep quality (PSQI score>5); 50% MSA-P and 38.1% MSA-C 
patients reported postural symptoms. Tilt table test showed orthostatic hypotension in 88.9% MSA-P and 66.7% 
MSA-C patients. Interestingly, only 37.5% MSA-P and 42.9% MSA-C patients were symptomatic during the test. 
50% MSA-P and 35.7% MSA-C patients had both supine hypertension and orthostatic hypotension. Median drop in 
BP was 39/23 mmHg in MSA-P and 41/25 mmHg in MSA-C patients. There was no statistically significant 
difference in any of the above parameters between MSA-P and MSA-C patients. 
Conclusions: MSA-P and MSA-C patients exhibit a distinct motor phenotype. However, both the groups were 
similar in terms of disease severity, non-motor symptoms and cardiac autonomic dysfunction. A greater percentage 
of patients with both MSA phenotypes had disabling non-motor symptoms. Compensatory supine hypertension and 
cerebral auto-regulation might be responsible for majority of MSA patients being asymptomatic, despite having 
orthostatic hypotension. 

1055 
Abnormal metabolic brain network in multiple system atrophy and progressive supranuclear palsy: a 
replication on a new European cohort 
T. Rus, E. Rebec, P. Tomše, A. Studen, M. Grmek, C. Tang, D. Eidelberg, M. Trošt (Ljubljana, Slovenia) 
Objective: To identify characteristic metabolic brain patterns specific for multiple system atrophy (MSA) and 
progressive supranuclear palsy (PSP) in a new cohort of patients and to study its clinical significance. 
Background: Focal brain dysfunction affects the activity of various remote areas via neuronal networks, which can 
be studied with multivariate analysis of FDG-PET images. Several neurodegenerative disease specific metabolic 
brain patterns have been identified using multivariate analysis, among them Parkinson’s disease related pattern 
(PDRP), MSA-related pattern (MSARP) and PSP-related pattern (PSPRP). While PDRP was reproduced and 
validated several times (1–4) in different populations and its correlation with clinical measures was proven, only a 
few groups studied PSPRP and MSARP reproducibility and their clinical correlations (5,6). 
Methods: 29 patients with MSA (age 63.2±9.5, disease duration (DD) 4.5±2.7 years), 18 with PSP (age 69.6±8.4, 
DD 4.5±1.5) and 20 normal controls (NC; age 67.2±5.7) underwent FGD-PET brain imaging. After preprocessing a 
SSM/PCA analysis was performed on MSA and NC to identify MSARP and on PSP and NC to identify PSPRP. The 
reliability of both patterns was tested with bootstrapping algorithm. MSARP and PSPRP expressions were 
calculated in each subject as their subject scores and correlated with disease duration and expressions of original 
patterns (5). 
Results: Newly identified MSARP and PSPRP were proven stable at bootstrapping algorithm. MSARP was 
characterized by functionally connected hypometabolism in bilateral cerebellum, striatum (putamen more than 
caudate) and small areas of mediofrontal cortex while hypermetabolic areas were nonspecific [Figure 1]. PSPRP 
was characterized by hypometabolism in frontal cortex (especially mediofrontal), caudate and relative 
hypermetabolism in cerebellum and occipital cortices [Figure 2]. MSARP expressions correlated with disease 
duration (r=0.53, p=0.003) and there was a trend of correlation also for PSPRP (r=0.35, p=0.17). Both new patterns’ 
expressions correlated significantly with original patterns (MSARP, r=0.80, p<0.0001; PSPRP r=0.97, p<0.0001). 
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Conclusions: The newly identified metabolic brain patterns specific for MSA and PSP are a potential metabolic 
imaging biomarker of atypical parkinsonisms. They are consistent with the original patterns and also clinically 
significant. 
References: 1. Ma Y, Tang C, Spetsieris PG, Dhawan V, Eidelberg D. Abnormal metabolic network activity in 
Parkinson’s disease: test-retest reproducibility. J Cereb Blood Flow Metab. 2007;27(3):597–605. 2. Teune LK, 
Renken RJ, Mudali D, De Jong BM, Dierckx RA, Roerdink JBTM, et al. Validation of parkinsonian disease-related 
metabolic brain patterns. Mov Disord. 2013 Apr;28(4):547–51. 3. Tomše P, Jensterle L, Rep S, Grmek M, Zaletel K, 
Eidelberg D, et al. The effect of 18F-FDG-PET image reconstruction algorithms on the expression of characteristic 
metabolic brain network in Parkinson’s disease. Phys Med. 2017 Sep;41:129–35. 4. Wu P, Wang J, Peng S, Ma Y, 
Zhang H, Guan Y, et al. Metabolic brain network in the Chinese patients with Parkinson’s disease based on 18F-
FDG PET imaging. Parkinsonism Relat Disord. 2013;19(6):622–7. 5. Eckert T, Tang C, Ma Y, Brown N, Lin T, 
Frucht S, et al. Abnormal metabolic networks in atypical parkinsonism. Mov Disord. 2008;23(5):727–33. 6. Ge J, 
Wu J, Peng S, Wu P, Wang J, Zhang H, et al. Reproducible network and regional topographies of abnormal glucose 
metabolism associated with progressive supranuclear palsy: Multivariate and univariate analyses in American and 
Chinese patient cohorts. Hum Brain Mapp. 2018 Jul;39(7):2842–58. 
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A Lewy body disease of widely confirmed Lewy bodies in the cerebral cortexes including the occipital lobe 
without pathological changes in the hippocampal CA2/3 region 
M. Ryo, K. Hasegawa, I. Saitoh, S. Yagishita (Tokyo, Japan) 
Objective: We present Lewy body disease (LBD) showing unique neuropathological findings which are widely 
recognized Lewy bodies (LBs) in the cerebral cortexes including the occipital lob and very weak neuropathological 
reactions in the CA2/3 region. 
Background: The pathological features of Dementia with Lewy Bodies(DLB) are recognized LBs in the substantia 
nigra (SN), the locus coeruleus (LC), the limbic system such as cingulate gyrus and amygdala, and the cerebral 
cortexes with several Alzheimer's pathology. And also showed pathological changes in the hippocampal CA2/3 
region. 
Methods: CASE: A man who died at the age of 59. X-10 years, he suffered from a resting tremor of his left hand. 
He then visited the a hospital. Within a few year bradykinesia appeared. X-8 years, he visited University Hospital 
because of his akinesia. He was shown to have akinesia, rigidity, postural instability. Following the diagnosis of 
Parkinson’s disease, L-dopa treatment was started, and the effect was confirmed. A 123I MIBG H/M showed early 
1.92 late 1.29. Among the symptoms he experienced were visual hallucinations, and he was moved to a dementia 
clinic. X-2 years, due to deterioration in his motor function, he was admitted our hospital. His motor performance 
and mental status improved, so he was discharged to his home. X-1 year, he was admitted by respiratory 
dysfunction. The DAT SBR showed right 1.00 left 1.22. X years, death was confirmed. 
Results: NEUROPATHOLOGICAL FINDINGS: Macroscopic findings; Frontal lobe showed moderate atrophy. 
The cross sections showed substantial depigmentation in the SN and the LC. Microscopic findings; Severe neuronal 
cell loss was observed in the SN and LC, together with the presence of LBs. α-synuclein positive structures were 
also observed in the cerebral cortexes including the occipital cortex. Scattered senile plaques were observed in 
several cortexes but the neurofibrillary tangles are rare. Tau positive structures were observed in the entorhinal 
cortex. The findings of pathological changes in CA2/3 were very weak. 
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Conclusions: We recognized LBs in this LBD case at the occipital lob which appears in rarely most of DLB cases 
and the pathological change in the hippocampal CA2/3 region is hardly observed that is one of characteristic feature 
of DLB. We are convinced that this case will help clarify the pathology of LBs formation. 

1057 
Nocturnal stridor in multiple system atrophy: video-polysomnography and clinical features 
H. Ryu, J. Paek, S. You, M. Kim, Y. Kim, J. Kim, K. Kim, S. Lee, S. Chung (Daegu, Republic of Korea) 
Objective: We aim to study video-polysomnography (VPSG) and clinical features in patients with MSA. First, we 
investigate whether VPSG findings differ depending on the presence of nocturnal stridor in MSA. Second, we 
investigate the clinical features associated with the presence of nocturnal stridor in MSA. 
Background: Nocturnal stridor has been known as a critical issue in patients with multiple system atrophy (MSA). 
However, little has been known about the VPSG findings and clinical features in MSA patients with nocturnal 
stridor and their clinical implications. 
Methods: We evaluated admitted 49 patients with MSA who underwent overnight VPSG for evaluation of their 
respiratory abnormalities during sleep, such as snoring and stridor between January 2007 and May 2016. Nocturnal 
stridor was defined as present when confirmed by an overnight VPSG. The clinical data, including VPSG, and 
clinical features, were compared between the MSA patients with stridor and those without. 
Results: Thirty-one MSA patients (63.3%) were assessed as having the stridor. The MSA with stridor showed 
significantly higher apnea-hypopnea index, respiratory disturbance index, and oxygen desaturation index compared 
with MSA without stridor (P = 0.024, P = 0.049, P = 0.006, respectively). The axial motor feature of MSA was more 
severe in the MSA with stridor than the MSA without stridor (P = 0.017). The disease duration of MSA was longer 
in MSA stridor than MSA without stridor (P = 0.029). However, there was no significant difference of sex, age at 
disease onset, subtypes of MSA, parkinsonian feature, cerebellar ataxia, residual urine volume, systolic and diastolic 
blood pressure change between the groups. In logistic regression analysis, longer disease duration (P = 0.04) and 
more severe axial motor feature (P = 0.036) were independently associated with the presence of nocturnal stridor in 
MSA. 
Conclusions: MSA with nocturnal stridor is associated with more severe hypoxemia during sleep, severe axial 
motor feature, and longer disease duration. 
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Early stage Parkinson's disease patients with GBA mutation have more severe motor symptoms and difficult 
to differentiate in routine clinical practice 
H. Saiki, S. Abe, K. Komatsu, H. Satoi, Y. Oka (Osaka, Japan) 
Objective: The objective of this study is to compare clinical features of early stage of Parkinson’s disease (PD) 
between with and without positive glucocerebrosidase (GBA) mutation. 
Background: GBA mutation is known to be an important risk factor for PD [1]. PD patients with GBA mutations 
shows more rapid progression and prone to cognitive decline [2] [3]. On the other hand, clinical differences due to 
the presence or absence of GBA mutation in the early stage have not been fully investigated. 
Methods: GBA mutation was investigated in 104 patients with PD. For positive GBA mutation patients, age and 
gender matched pairs with negative GBA mutation patients were created. Clinical features were compared between 
two groups. 
Results: Thirteen PD patients had positive pathological GBA mutation. Of those, two cases could not obtain 
patients without GBA mutation that fulfilled the conditions for matched pairs. Hence, eleven matched pairs were 
created. Age of onset, simple cognitive function tests, uptake of 123I-Meta-iodobenzylguanidine myocardial 
scintigraphy, olfactory discrimination ability did not differ between positive GBA mutation group and negative 
group. Positive GBA mutation group had more severe motor symptoms than negative group (mean score of Unified 
Parkinson's Disease Rating Scale part 3 was 26.6 in positive and 17.9 in negative GBA mutation, p=0.033). Whereas 
the decrease in uptake of dopamine transporter scintigraphy on the dominantly affected side showed a tendency to 
be slighter in positive GBA mutation group (specific binding ratio 4.53 in positive and 3.24 in negative GBA 
mutation, p = 0.055). In the positive GBA mutation group, except for one patient, the initial symptom was not 
tremor. 
Conclusions: This study showed that patients with Parkinson's disease with GBA mutation had more severe motor 
symptoms in early stage. Though tremor is uncommon as initial manifestation in the positive GBA mutation PD 
patient, it is difficult to differentiate from negative mutation PD by usual clinical practice such as clinical findings 
and diagnostic images. Based on confirmation by genetic testing, optimized therapeutic approach for each disease 
condition was considered to be necessary. 
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References: 1. Sidransky E, Nalls MA, Aasly JO et al. Multicenter analysis of glucocerebrosidase mutations in 
Parkinson's disease. N Engl J Med. 2009 Oct 22;361(17):1651-61. 2. Brockmann K, Srulijes K, Pflederer S et al. 
GBA-associated Parkinson's disease: reduced survival and more rapid progression in a prospective longitudinal 
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[18F]THK-5351 PET Imaging in Progressive Supranuclear Palsy Concomitant with Cerebellar Ataxia in 
Early-stage: Clinicopathological Observations 
Y. Saitoh, K. Komatsu, E. Imabayashi, A. Moriya, H. Matsuda, Y. Saito, Y. Takahashi (Tokyo, Japan) 
Objective: To describe two cases of progressive supranuclear palsy (PSP) concomitant with cerebellar ataxia in 
early stage who underwent [18F]THK-5351 PET imaging and to investigate the correlation between the 
clinicopathological findings and the [18F]THK-5351 PET imaging in one case. 
Background: PSP is one of the tauopathies characterized by abnormal depositions of 4-repeat tau isoforms in the 
brainstem, basal ganglia, neocortex, and dentate nucleus of the cerebellum. Cerebellar ataxia is sometimes identified 
in PSP patients, reflecting the neurodegeneration of the cerebellum. [18F]THK-5351 PET imaging was developed to 
detect those tau depositions, even though recent studies revealed that [18F]THK-5351 binds to MAO-B as an off-
target. 
Methods: Case reports. 
Results: The two patients developed progressive postural instability eventually fell frequently in the seventh decade 
of life. In addition, they manifested cerebellar ataxia in their early stage of the disease. Upon the brain MRI, 
midbrain atrophy was detected in both patients, and the clinical diagnosis of PSP was made based on the clinical and 
neuroradiological evaluations. [18F]THK-5351 PET imaging, performed at 6 years after the onset of disease in both 
patients, showed that increased accumulation in both the midbrain and the globus pallidum as well as in the dentate 
nucleus of the cerebellum. The laterality of [18F]THK-5351 accumulation in the cerebellum was compatible with 
the clinical predominancy of cerebellar ataxia. Further, the predominant side of [18F]THK-5351 accumulation in the 
cerebellum was consistent with the relative hypometabolism side detected by [18F]FDG PET imaging. 
Histopathological examination, performed 7 years after the onset of the symptoms in one case, revealed that the tau 
pathology was marked in the midbrain, subthalamic nucleus, and globus pallidum. There were notable tau pathology 
and grumose degeneration in both the dentate nucleus and the white matter in the cerebellum. 
Conclusions: In our comparison between clinicopathological and neuroimaging findings in PSP patients, 
[18F]THK-5351 accumulation should potentially detect the tau pathology and neurodegeneration, and be useful 
findings in the differential diagnosis of ataxic disorders such as multiple system atrophy. 
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1062 
Amylin and insulin in Parkinson’s disease patients: a clinical and metabolic study 
A. SÁNCHEZ-GÓMEZ, M. FERNÁNDEZ, G. ALCARRAZ, R. FERNÁNDEZ, M. EZQUERRA, A. CÁMARA, A. 
NOVIALS, E. MUÑOZ, F. VALLDEORIOLA, Y. COMPTA, M.J. MARTÍ (BARCELONA, Spain) 
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Objective: To assess the possible connection between PD and glucose metabolism (GM) by analyzing the levels of 
biomarkers of GM in patients with PD. 
Background: The relationship between Parkinson’s disease (PD) GM remains controversial. Our objective was to 
assess the possible connection between PD and GM by analyzing the levels of biomarkers of GM in patients with 
PD. 
Methods: PD patients were consecutively recruited from our movement disorder clinic. Healthy controls (HC) were 
PD patients’ partners. We conducted a medical interview with demographic and clinical data to all the participants. 
The motor, non-motor and cognitive states of both groups were evaluated clinically. Blood was collected after 
overnight fasting. Glucose and glycosilated haemoglobin were measured routinely and insulin and amylin levels by 
specific ELISA. 
Results: We enrolled 117 participants: 39 HC and 79 PD. There were no differences in age or sex. There were no 
differences in body mass index. In direct pair-wise comparisons there were no statistically significant differences in 
the quantitative values of the four GM biomarkers between PD and HC. However, the proportion of subjects below 
the insulin median value of the sample (7.65 mU/L) was significantly higher in the PD group that HC (<7.65 mU/L 
insulin: 44 PD/14 HC; ≥7.65 mU/L: 33 PD/25 HC; p=0.049). Exploring by the median cohort age, we found that 
amylin was higher in PD ≥ 67 years than in controls ≥ 67 years (p=0.041). The amylin/insulin ratio was significantly 
higher in the PD group than in HC (p=0.018). Finally, adjusting for age and sex, we observed that insulin levels 
<7.65 mU/L, female sex, advanced age and increasing blood glucose values, were significantly associated with PD 
in a binary logistic regression model including all these variables. 
Conclusions: Even though in contrast to previous studies we have not found differences in glucose between PD and 
HC, we have observed a significant difference in the ratio of amylin/insulin secretion in PD versus HC. These 
findings suggest a possible mild alteration in GM in PD that deserves to be further explored in view of their 
potential pathophysiological, diagnostic and even therapeutic relevance. 

1063 
Stereopsis as a Visual Biomarker for Parkinson’s Disease 
T. Sang, J. Fatehi, E. Mostofi, B. Zheng, F. Ba (Edmonton, AB, Canada) 
Objective: 1): To assess Parkinson’s disease (PD) patients’ stereopsis function using better and more 
physiologically meaningful tools; 2): To reveal specific eye behaviors of stereoacuity impairment and whether it is 
feasible to use it as a biomarker of PD progression. 
Background: PD patients suffer not only from motor symptoms, but also sensory visual dysfunctions. Visual and 
oculomotor disturbances in PD are common, including higher-level depth perception (stereopsis) and the ability to 
judge distance. The hampered visuospatial judgment ability in PD patients could further limit their motor navigation 
and cause falls and injuries. 
Despite its significance in early detection and progression surveillance of PD, there is still scarce scientific research 
on the stereopsis function in PD patients. In addition, the widely used Titmus Stereo Fly Test and Random Dot 
Stereogram measure stereopsis do not consider the monocular cues, nor accommodation and vergence. We see a 
clear need of developing a new protocol to assess stereopsis for PD patients. 
Methods: Twenty PD patients, in varying disease stages (Hoehn and Yahr stage 1-4) were recruited from the 
Parkinson and Movement Disorders Program at the University of Alberta. They were compared to 22 sex- and age-
matched control subjects (table 1). The primary outcome measures of interest were abnormalities in stereopsis and 
eye behavior of stereo acuity. Visual testing included visual acuity (VA), visual field, extraocular movements 
(EOM), contrast acuity, stereopsis with Titmus Fly and a 3D TV system. MoCA test and UPDRS were also 
assessed. Levodopa equivalent daily dose (LEDD) was calculated. 
Results: There were no differences in VA, visual field or contrast acuity between the 2 groups, nor in the Titmus 
Stereo Fly test.  Using the 3D TV system, PD patients showed a significant stereo disparity when compared to 
control. At 63 seconds of arc and higher acuity (figure 1), the deficit in PD was evident. The depth perception 
abnormalities show a trend correlating with the UPDRS-III, LEDD and MoCA (Figure 2-4, respectively). 
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Conclusions: Stereopsis deficit is associated with PD disease severity and cognitive status. Assessment of stereopsis 
using more reliable techniques may be a tool for early diagnosis and to monitor disease progression and 
responsiveness to treatment. Future behavioral study of gait/falls risk to correlate with stereopsis will be conducted. 
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1064 
An atypical and interesting feature of Parkinson´s disease 
B. Santos, M. Spitz (Rio de Janeiro, Brazil) 
Objective: To describe the symptoms of three PD patients who exhibited marked facial asymmetry. We also briefly 
review the literature regarding hemihypomimia in PD and comment on its possible neurophysiological mechanisms. 
Background: Bradykinesia is a key feature of Parkinson's disease (PD) and other parkinsonian syndromes. In 
contrast to the many studies about limb bradykinesia, few studies have investigated facial bradykinesia. Loss of 
facial expression develops in almost all PD patients. PD hypomimia is usually bilateral and symmetrical, however 
hemyhipomimia with a predilection to the right hemiface has been described in the literature. 
Methods: Report of two PD patients with right side and one with left-side hemihypomimia. None of them had 
previous history of stroke, facial paralysis or other neurological conditions. 
Results: Case 1: A 52-year old man with progressive right hand tremor and stiffness. Neurological examination 
revealed bradykinesia, with mild rest tremor on his right arm. He had marked facial asymmetry (fig 1), with reduced 
movements on the the right-side. Brain MRI showed non especific changes. 
Case 2: A 65-year-old female patient, whose initial PD symptoms were rest tremor and stiffness on her right hand, 
showed at examination a gait with reduced right-sided arm swing and marked right-sided hypomimia (fig 2A). In 
addition to reduced movements of the lower part of her right-side facial muscles, that became more evident during 
involuntary expressions (fig 2B). There was also right hand tremor, associated with ipsilateral cogwheel rigidity and 
bradykinesia. 
Case 3: A 46-year-old male patient was evaluated with a 3 year history of slowness, stiffness and mild rest tremor on 
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the left. He also reported symptoms suggestive of RBD and hyposmia, that preceded motor symptoms by several 
years. On neurological exam left side hemihypomimia was identified (fig 3). His brain MRI was unremarkable, but 
his TRODAT scan showed  severely reduced bilateral basal ganglia uptake. 
Conclusions: Hemihypomimia reflects unilateral hypokinesia and it is a rare manifestation seen mostly, but not 
exclusively on right-side onset PD. Understanding the underlying mechanisms of how hemihypomimia develops, 
and why it predominantly affects the right side of the face deserves further assessment. Larger case series are needed 
to elucidate the pathophysiology and clinical implications of this interesting feature of Parkinson’s disease. 
References: 1. Bologna M, Fabbrini G, Marsili L, Defazio G, Thompson PD, Berardelli A. Facial bradykinesia. J 
Neurol Neurosurg Psychiatry 2013;84(6):681-5. 2. Ozekmekçi S, Benbir G, Ozdogan FY, Ertan S, Kiziltan ME. 
Hemihypomimia, a rare persistent sign in Parkinson's disease: follow up of 11 patients. J Neurol 2007;254(3):347-
50. 3. Zingler VC, Strupp M, Jahn K, Brandt T. Hemihypomimia in Parkinson’s Disease. Eur Neurol 2005;53:92–3. 
4. Crosiers D1, Maréchal E, van Ael Y, Cras P. Left-sided hemihypomimia in Parkinson’s disease. Acta Neurol Belg 
2011;111(3):225-7. 5. Borod JC, Koff E, Yecker S, Santschi C, Schmidt JM. Facial asymmetry during emotional 
expression: Gender, valence, and measurement technique. Neuropsychologia 1998;36:1209–15. 6. Gainotti G. 
Emotional behavior and hemispheric side of the lesion. Cortex 1972;8(1):41–55. 7. Zhou R., Hu S. Study of posed 
emotion in facial EMG asymmetry. Percept Mot Skills 2006;102(2):430-4. 8. Wager TD, Phan KL, Liberzon I, 
Taylor SF. Valence, gender, and lateralization of functional brain anatomy in emotion: a meta-analysis of findings 
from neuroimaging. Neuroimage 2003;19(3):513-31. 9. Rodriguez-Oroz MC, Rodriguez M, Guridi J, et al. The 
subthalamic nucleus in Parkinson’s disease: somatotopic organization and physiological characteristics. Brain 
2001;124:1777–90.   10. De Cock VC, Vidailhet M, Leu S, et al. Restoration of normal motor control in 
Parkinson’s disease during REM sleep. Brain 2007;130:450–6. 11. Morecraft RJ, Louie JL, Herrick JL, Stilwell-
Morecraft KS. Cortical innervation of the facial nucleus in the nonhuman primate. A new interpretation of the 
effects of stroke and related subtotal brain trauma on the muscles of facial expression. Brain 2001;124:176–208. 
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1065 
Awareness of Levodopa/Carbidopa spacing with meals in patients of Idiopathic Parkinson’s disease – 
Insights from an Indian Parkinson’s Registry 
N. sawal, K. shukla (chandigarh, India) 
Objective: Food interferes with gastrointestinal absorption of levodopa which requires spacing with meals. Study 
evaluated how many patient were spacing  levodopa correctly, its effect on  clinical response and proposes methods 
to improve patient compliance on spacing with meals. 
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Background: Levodopa is a cheap and  effective drug in Parkinson’s. Clinical efficacy and plasma levels are 
affected by  food intake. Meals delay and decrease the absorption from gut. Few studies have studied awareness 
levels of patients regarding spacing Levodopa with meals. 
Methods: 56 patients of Parkinson’s disease who were on Levodopa before first contact with our institution were 
evaluated. Diagnostic criteria used were the U.K. Brain Bank criteria. Only those patients were evaluated who were 
not taking  dopamine agonists or amantadine. Details about  previous specialty consulted, advised dosing Schedule 
and clinical response were evaluated. In those who were not spacing Levodopa with meals, clinical response was 
evaluated both before spacing with meals and after patients had started spacing levodopa with meals. 
Results: Sex distribution was 41 males, 15 females. Age ranged from 47  to 84  years .[Table 1]. Only 17/56 
[30.35%] had been advised spacing with meals. Spacing advice rates according to specialty were – Psychiatrists – 
21%, Internal Medicine -41%, General Practitioners-33%, Neurosurgeons– 25% and Neurologists 80%. In 39 
patients  who were not spacing Levodopa with meals, 21 patients [54%] had improved clinical response after proper 
spacing with meals[Table 2]. 
Conclusions: Awareness levels regarding spacing of Levodopa with meals are dismal both in prescribing clinicians 
and patients.70% patients had not been advised spacing of levodopa by their doctors and even in those advised 
spacing, many patients were not following instructions. Decreased clinical response resulted which improved after 
proper spacing was adhered. In developing countries, few patients can afford dopamine agonists. Levodopa is the 
cheapest and most effective.We propose that for effective utilization of levodopa, pictographs should be provided on 
packaging. Pictographs were effective in restricting use of thalidomide in pregnant females [Figure 1].Proposed 
pictograph for levodopa spacing is shown[Figure 2]. Pictographs are understood by both illiterates and literates. 
References: 1. Nutt JG, Woodward WR, Carter JH, Trotman TL. Influence of fluctuations of plasma large neutral 
amino acids with normal diets on the clinical response to levodopa. J Neurol Neurosurg Psychiatry. 1989;52(4):481–
7. 2. Barichella M, Cereda E, Pezzoli G. Major nutritional issues in the management of Parkinson’s disease. Mov 
Disord. 2009;24(13):1881–92. 
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1066 
Nrf2 pathway in patients with Parkinson’s disease 
T. Schirinzi, S. Petrillo, G. Di Lazzaro, N. Mercuri, E. Bertini, F. Piemonte, A. Pisani (Rome, Italy) 
Objective: To demonstrate the activation of Nuclear factor erythroid-2-related factor 2 (Nrf2) pathway in PD 
patients. 
Background: Experimental data indicated the critical involvement of Nrf2 pathway in pathogenic mechanisms of 
PD, as well as its potential role as a target for disease-modifying treatments [1,2]. Surprisingly, such preclinical 
evidence has not been translated yet on a clinical ground. 
Methods: 32 PD patients and 32 sex/age-matched healthy controls were enrolled, receiving standardized clinical 
assessment. Nrf2 pathway was evaluated in blood leukocytes, by assessing Nrf2 transcript and protein levels, its 
downstream effectors (phase II and Glutathione metabolism enzymes) and upstream activators (redox state and 
mitochondrial function). Moreover, aimed at linking the pathway’s activity to intrinsic features of PD, we measured 
peripheral levels of α-synuclein (α-syn) oligomers and correlated biochemical data with clinical parameters. Mean 
and regression analysis were performed. 
Results: In blood leukocytes of PD patients, Nrf2 was highly transcribed and expressed, as well as the target genes, 
NAD(P)H-Quinone-dehydrogenase-1 (Nqo1), Glutamate-Cysteine Ligase (GCL) and Glutathione Reductase (GR). 
The mitochondrial Complex I activity was decreased whereas the glutathione oxidized/reduced ratio was increased, 
both suggesting a significant alteration of the main activators of the Nrf2 pathway. Levels of α-syn oligomers were 
significantly increased. Of interest, Nrf2 and α-syn oligomers were associated to disease duration, directly and 
inversely respectively, indicating a dynamic occurrence of molecular events. 
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Conclusions: This study provides in vivo the unprecedented evidence that Nrf2 pathway is activated at systemic 
level in PD patients and is linked with synucleinopathy and clinical events. Therefore, our findings highlight the 
potential therapeutic implications of Nrf2 pathway in PD and also suggest that blood leukocytes reflect remote 
pathogenic mechanisms of the diseases, thus representing a potential source of biomarkers. 
References: [1] M. Todorovic, S.A. Wood, G.D. Mellick, Nrf2: a modulator of Parkinson’s disease?, J. Neural 
Transm. 123 (2016) 611–619. doi:10.1007/s00702-016-1563-0. [2] H. Kumar, S. Koppula, I.-S. Kim, S.V. More, 
B.-W. Kim, D.-K. Choi, Nuclear factor erythroid 2-related factor 2 signaling in Parkinson disease: a promising multi 
therapeutic target against oxidative stress, neuroinflammation and cell death., CNS Neurol. Disord. Drug Targets. 11 
(2012) 

1067 
Assessing Tele-Health Outcomes in Multiyear Extensions of Parkinson’s Disease Trials (AT-HOME PD): An 
Update on Recruitment  
R. Schneider, S. Anthwal, T. Myers, E. Kayson, L. Omberg, C. Tarolli, M. Daeschler, E. Macklin, E. Dorsey, L. 
Mangravite, M. Schwarzschild, T. Simuni (Rochester, NY, USA) 
Objective: To leverage technology to develop a new model for the long-term follow-up of Parkinson’s disease (PD) 
clinical trial cohorts and investigate novel disease measures.  
Background: Long-term follow-up of early PD clinical trial cohorts may generate novel insights about disease 
progression and heterogeneity. However, infrastructure, personnel, and financial demands render multi-year in-
person follow-up studies infeasible.   
Methods: AT-HOME PD is a 24-month, remote observational follow-up study of two multi-center phase 3 clinical 
trials of potential disease-modifying therapeutics for PD (STEADY-PDIII and SURE-PD3) with three platforms: 
virtual research visits (real-time videoconferencing), mPower 2.0 smartphone application, and Fox Insight (an online 
survey-based clinical research study). Data from the three platforms is deposited and aggregated in Synapse, a 
cloud-based data management and research collaboration platform, and then transferred to the Parkinson’s Disease 
Biomarkers Program’s (PDBP) Data Management Resource, where it will be integrated with data from STEADY-
PDIII and SURE-PD3 and made available to the broader research community.   
Results: 262/336 (78%) STEADY-PDIII and 234/298 (79%) SURE-PD3 participants have agreed to be contacted 
regarding participation in AT-HOME PD.  We have conducted 208 screening visits and 192 baseline visits for 
participants located in 40 U.S states and Canada. 147 (77%) are participating in Fox Insight and 152 (79%) are 
participating in mPower 2.0.  Whole genome sequencing of DNA from over 90% of the parent study participants has 
been initiated through the Accelerated Medicine Partnership-PD (AMP-PD) and PDBP programs, and is expected to 
enhance analysis of genetic determinants of AHPD tele-health outcomes. 
Conclusions: Over 9 months, we have enrolled approximately 30% of STEADY-PDIII and SURE-PD3 participants 
into AT-HOME PD.  Recruitment may have been hampered by the delayed initiation of AT-HOME PD relative to 
the conclusion of STEADY-PDIII and SURE-PD3 study visits and negative results of the parent studies.  

1068 
Increased lysosphingolipids levels in blood of patients with multiple system atrophy 
K. Senkevich, G. Baydakova, A. Emelyanov, M. Nikolaev, A. Kopytova, I. Miliukhina, E. Gracheva, A. Kudrevatykh, 
I. Krasakov, L. Khublarova, I. Fursova, Y. Irishina, N. Zalutskaya, Y. Beltseva, E. Zakharova, S. Pchelina (Saint-
Petersburg, Russian Federation) 
Objective: To estimate activity of lysosomal enzymes and lysosphingolipids concentration in dry blood spot of 
patients with synuleinopathies: Parkinson’s disease (PD), dementia with Lewy bodies (DLB) and multiple system 
atrophy (MSA). 
Background: Synucleinopathies are group of neurodegenerative diseases characterized by the abnormal 
accumulation of alpha-synuclein aggregates which leads to neuronal death. Mutations in the gene (GBA) encoding 
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for lysosomal enzyme glucocerebrosidase proofed to be high risk for PD and DLB. In recent years, the contribution 
of other genes that encode lysosomal enzymes to the pathogenesis of synucleinopathies has been discovered. 
Methods: Our study included 111 PD patients, 13 MSA patients, 11 DLB patients, and 108 controls. 
Lysosphingolipids (hexosylsphingosine HexSph (glucosylsphingosine (GlcSph)+ galactosylsphingosine (GalSph)), 
LysoGB3, LysoSM, Lyso509) levels and activity of lysosomal enzymes (Glucocerebrosidase (GCase), 
Galactosylceramidase (GALC), Alpha-galactosidase (GLA), Alpha-L-iduronidase (IDUA), Acid sphingomyelinase 
(ASM)) were measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS) in dry blood spots. 
Results: The concentration of HexSph (GalSph + GlcSph) was significantly increased in MSA patients compared 
with all the studied groups (P<0.0001). At the same time, an increase of HexSph concentration was detected in LBD 
patients compared to PD patients (P=0.045) but not compared to control group (P=0.13). Also, in patients with MSA 
we found an increase in LysoSM concentration as compared to patients with LBD (P=0.033) and control group 
(P=0.017). Moreover, Lyso509 was increased in MSA patients compared to LBD patients (P=0,037) and controls 
(P=0,042). We found no significant changes in enzymatic activities between the groups. 
Conclusions: Here, we demonstrated increased HexSph, LysoSM and Lyso509 concentrations in blood of patients 
with MSA. In the LBD group, HexSph level was elevated, but not as pronounced as in patients with MSA, the most 
aggressive synucleinopathy.  At the same time, no differences between PD and controls were revealed. The obtained 
results allow us to extend our knowledge about the pathogenesis of synucleinopathies. 

1069 
Early diagnosis of progressive supranuclear palsy using quantitative MRI analysis of brain structure 
K. Seo, T. Yamamoto, H. Kawasaki, T. Hukuoka, Y. Nakazato, K. Takahashi, I. Matunari, H. Matuda, N. Tamura, N. 
Araki (Saitama, Japan) 
Objective: We examined whetherquantitative MRI analysis of brain structure was useful for early diagnosis of PSP. 
Background: Quantitative analysis of brain structure by means of MRI in patients with progressive supranuclear 
palsy (PSP) has showed that distribution of atrophy was useful for distinguishing PSP from Parkinson's disease 
(PD). However, there has not been reported on the quantitative brain MRI analysis in an early stage of PSP patients. 
Methods: Six patients with clinically diagnosed PSP including predominant cerebellarataxia (C)andprogressive gait 
freezing (PGF), 3 cases of predominant parkinsonism (P). All cases were difficult to discriminate from PD in the 
early clinical stage. One case of Richardson's syndrome (RS)and 4case of PDthat were able to be observed for a long 
time, were used as control.Brain segmentation and volumetric measurement by Free Surfer were performed on brain 
MRI images which were taken repeatedly with the clinical course.Z-score of each region was calculated in each case 
using analysis data of 536 healthy groups, and it was used to evaluate the brain structural changes. 
Results: PSP group showed atrophy of the globus pallidus, thalamus and midbrain and enlargement of the third 
ventricle at the time of the first visit (within 0.8 to 2 years since onset) and those changes were proceeded with the 
clinical course.In PD group, structural change was not observed during the clinical course regarding the difference 
from the PSP group. 
Conclusions: Quantitative MRI analysis of the brain structure detected a brain structure change in PSP group was 
different from that of PD group in the early onset before clinical diagnosis of PSP was confirmed (5 to 9 years after 
onset), suggesting that quantitative MRI analysis of brain structure is useful as an imaging biomarker for early 
diagnosis of PSP. 

1070 
Prevalence of Parkinson’s disease and parkinsonism in Kyrgyzstan 
C. Shambetova (Bishkek, Kyrgyzstan) 
Objective: Aim of the study is to determine frequency and overall picture of disease characteristics, evaluation and 
treatment of patients with Parkinson’s disease (PD) and parkinsonian syndromes (PS) at third-level university based 
hospital over the period of 2 years in Kyrgyzstan, by reviewing medical records. 
Background: The information on prevalence and frequency of PD and PS in Central Asia is very limited. 
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Methods: The staff of two neurology departments are eight neurologists with second, first and highest local 
category of specialization and no movement disorders (MD) training. Medical records are paper based general 
forms, as there is still no electronic data base recording system. Neurologist with MD training reviewed medical 
records of patients with PD and PS of January 2016-December 2017 period. Age, gender, age at onset, clinical 
features, diagnostic evaluation, and treatment, were extracted and filled in a standardized form, created for the study. 
Results: 127 (55.8%) of MD patients were referred from primary clinics over the country with initial diagnosis of 
PD in 52 (40.9%) cases and PS in 75 (59.1%). There were 62 males and 65 females with mean age of 60.8±10.9 
years (range, 34-91). Mean age at onset was 55.9 years (29-86) and median duration of disease by the visit was 4.71 
years (several months to 21 years). Only in 55 (43.3%) cases PD was concluded as final diagnosis. 72 patients 
(56.7%) were diagnosed with PS: vascular parkinsonism (76.4%), and not identified parkinsonism (23.6%). There 
was no case with diagnosed atypical parkinsonism (AT), yet at least 29 patients had to be considered for AT due to 
disease characteristics and history. Brain MRI obtained in 55/127 (43.3%). 71 patients (55.9%) were treated with 
levodopa (in combination bencerazide/carbidopa and entacapone) with typical dose of 250 mg per day, 20 patients 
(15.7%) were not treated at all. Figure 1 shows information on other medications. There was no documented 
information on dyskinesia and motor fluctuations. Only in 27.6% Hoehn Yahr scale was applied. Records of 
parkinsonian features examination were insufficient, non-motor symptoms were not taken into consideration and 
treated. 
Conclusions: Low level of diagnosed PD and high level of not identified PS, along with other data, is a clear 
indication of high rate of inadequate diagnosis and treatment of MD patients, proving necessity to continue the work 
on improvement of knowledge and skills of local neurologists. 
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1071 
Protective effects of β-Nicotinamide Adenine Dinucleotide against motor deficits and dopaminergic neuronal 
damage in a Parkinson’s disease mouse model 
C. Shan, Y.L. Gong, Q.Q. Zhuang, Y.F. Hou, S.M. Wang, S.T. Li, J.M. Liu (Shanghai, China) 
Objective: The aim of our study is to explore whether nicotinamide adenine dinucleotide (NAD) replenishment 
could be beneficial on a 6-hydroxydopamine-induced Parkinson’s disease (PD) mouse model and the related 
mechanisms. 
Background: As NAD level declines in PD and its reduction has been reported to be involved in many age-
associated neurodegenerative pathologies, we investigated whether NAD could exert a protective role in preventing 
PD. 
Methods: To test the above hypothesis, 10 ug 6-hydroxydopamine was injected into right striatum to construct PD 
mice model and 20 ug NAD was given 4 h before 6-hydroxydopamine. Motor function and dopaminergic neuronal 
loss in nigrostriatal system were evaluated 4 weeks after surgery. PC12 cells were used to detect the role of NAD 
against the neurotoxicity caused by 6-hydroxydopamine in cell viability, oxidative stress and mitochondrial 
functions. 
Results: NAD pre-injection in striatum ameliorated the motor deficits and dopaminergic neuronal damage in the 
substantia nigra and striatum of PD mice. Pre-incubation of NAD protected PC12 cells against cell viability damage, 
oxidative stress and mitochondrial dysfunction, including decreased mitochondrial numbers and mitochondrial 
membrane potential, caused by 6-hydroxydopamine. 
Conclusions: Our study adds credence to the beneficial role of NAD in preventing parkinsonian neurodegeneration 
in the PD mice model and suggests that NAD prevents pathological changes in PD via decreasing mitochondrial 
dysfunctions. 
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1073 
Concentration of short chain fatty acids in the peripheral blood of patients with Parkinson disease 
C. Shin, Y. Lim, T.B. Ahn (Seoul, Republic of Korea) 
Objective: Based on the possible role of short chain fatty acids (SCFAs) on the permeability of the blood-brain 
barrier and its change in Parkinson disease (PD), we planned to study blood concentration of SCFAs in PD. 
Background: Recent studies suggest the formation of alpha-synuclein aggregation in the enteric nervous system as 
an earlier change leading to pathologic devastation of the brain in PD. Under this hypothesis, the contribution of gut 
microbiota to the pathogenesis of PD has been highlighted. SCFAs are exclusively produced by gut microbiota and 
were reported to be reduced in the feces of PD patients. The loss of SCFA’s beneficial role in the inflammatory 
reaction and tight junction maintenance may render detrimental effect on the local environment of the intestine. 
However, the change of SCFA in the blood, which is originated from the gut microbiota, in PD patients has not been 
studied. 
Methods: We measured SCFA concentration of peripheral blood using gas chromatography in 38 PD patients and 
33 normal controls. The measurement was made in the absence of medications such as antibiotics and pre- and pro-
biotics. We evaluated clinical characteristics of PD patients and controls, and obtained dietary information using the 
food frequency questionnaire. 
Results: The concentrations of acetate, propionate, and butyrate were not different between PD patients and controls 
(Table 1). Dietary uptakes of fibers, carbohydrates, lipids (total and fatty acids), and proteins were not different in 
the food frequency questionnaire. The concentration of propionate was negatively correlated with use of entacapone 
(r=-0.325, p=0.047), and butyrate was correlated with use of mono-amine oxidase inhibitors (r=0.382, p=0.018) and 
anticholinergics (r=-0.365, p=0.024). 
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Conclusions: These results are against the pathologic change of SCFAs in PD. Although SCFAs produced by gut 
microbiota can affect both local (intestinal wall) and systemic (blood stream) milieu, the alteration in the local 
environment may be more important in PD. 

 

1074 
The frequency and impact of mutations in the GBA gene and APOε4 polymorphisms on the clinical features 
of Dementia with Lewy Bodies among Ashkenazi Jews 
T. Shiner, A. Mirelman, Y. Rozenblum, G. Kave', M. Gana Weisz, A. Bar-Shira, A. Thaler, R. Shahar, T. Gurevich, 
A. Orr-Urtreger, N. Giladi, N. Bregman (Tel Aviv, Israel) 
Objective: We aimed to explore the frequency and clinical impact of GBA mutations and APOε4 polymorphisms in 
a cohort of Ashkenazi Jewish (AJ) patients with Dementia with Lewy Bodies (DLB). 
Background: DLB is believed to be on a clinico-pathological spectrum between Parkinson's disease (PD) and 
Alzheimer's disease (AD). Mutations in the GBA gene are frequent among DLB and PD patients whereas the 
APOε4 polymorphism is a significant risk factor for AD but not PD. 
Methods: 91 AJ patients with DLB, underwent genotyping for the 8 known AJ GBA mutations, APOε 
polymorphisms and the LRRK2 G2019S mutation. Subjects underwent detailed clinical evaluations. 
Results: 32% of DLB patients were carriers of mutations in the GBA gene. 31% of all DLB patients were found to 
be carrying an APOε4 polymorphism. GBA mutation carriers were younger at symptom onset (66.79 yrs vs 71.02 
yrs) and had poorer cognition as assessed by the MOCA (16.76 vs 20.07) and the MMSE (21.73 vs 24.43). GBA 
mutation carriers were also found to have more severe parkinsonism as assessed by motor UPDRS (34.81 vs 29.01). 
APOε4 polymorphisms had no significant effect on age of onset of disease or the clinical features of the disease. 
Conclusions: We find a high frequency of GBA mutations and APOε4 polymorphisms among AJ patients with 
DLB compared to the background population prevalence. Furthermore, we find that GBA mutation carriers have a 
more severe disease phenotype with a younger age of onset, poorer cognition and more severe parkinsonism. 
Although APOε4 polymorphisms were significantly more frequent among these patients with DLB, their presence 
was not associated with differences in clinical features. Longitudinal studies on larger groups of patients will be 
needed to ascertain whether APOε4 polymorphisms have a distinct effect on disease course in DLB. 
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1075 
Examining level of hemoglobin in patients with parkinson's disease and the role of hemoglobin level in the 
disease course 
S.h. Shohimardonov, K. Daminova (Tashkent, Uzbekistan) 
Objective: 1. Is there a correlation between the concentration of hemoglobin in the blood and the development of 
Parkinson's disease? 2. Does the high level of hemoglobin in the elderly age increase the severity of the course of 
already developed Parkinson's disease? 
Background: Despite the fact that hemoglobin is considered the most widely distributed source of peripheral iron in 
the body, the link between hemoglobin levels in the blood and the development of Parkinson's disease is still not 
well understood. This report will address issues of iron aiding in brain neurodegeneration. There is also a link 
between the level of hemoglobin in the blood of old age in the population of Uzbekistan and the severity of 
Parkinson's disease. 
Methods: We observed medical records from the TMA clinic Neurology department, for the period 2011–2018, 
medical records in the amount of 546 patients with Parkinson’s disease were examined, of which 312 cases 
(57.14%) were women in the age group 57–75 and 234 cases ( 42.86%) were men in the age group 61-83 years. 
General blood tests were analyzed to detect hemoglobin levels, and their results were compared with data from 
healthy people of the relevant age group. 
Results: The amount of hemoglobin decreased significantly with age. In the age group 61–75 years old, 16.7% had 
a hemoglobin level of <14 g / dL versus 34% in the age group 75–86 years (p <0.001). During data collection, it was 
found that a high level of hemoglobin in the age groups and the severity of Parkinson's disease had a directly 
proportional upward trend. That is, a more severe course of the disease was observed in people with high levels of 
hemoglobin. The results of these patients were compared to the level of hemoglobin in the healthy group, where the 
level of hemoglobin was 24.1% lower than in patients with Parkinson's disease. 
Conclusions:  
Although hemoglobin levels decline with age, evidence suggests that hemoglobin levels, which remain high in older 
people, are associated with an increased risk of developing Parkinson's disease and the severity of its course. 

1076 
Resting-state EEG functional connectivity in Parkinson’s disease 
R. Shoorangiz, E. Peterson, R. Jones, L. Livingston, I. Kirk, L. Tippett, M. Livingstone, T. Anderson, J. Dalrymple-
Alford (Christchurch, New Zealand) 
Objective: To examine EEG functional connectivity (FC) between brain regions during resting wakefulness as a 
function of cognitive status in PD. 
Background: Progressive cognitive decline occurs in many PD patients and is likely to be associated with abnormal 
communication between distributed brain networks. EEG-based FC may therefore provide a low-cost noninvasive 
biomarker for cognitive impairment in PD. Measuring EEG during wakeful resting-state is a particularly suitable 
choice for cognitively impaired individuals. 
Methods: Patients were recruited from a Movement Disorders Clinic and classified as meeting or not meeting MDS 
Level II criteria for mild cognitive impairment (PD-MCI, N=25; PD-N, N = 30); there were 27 age-matched healthy 
controls. EEG from 64 electrodes was recorded during a 10-min resting-wakefulness period (eyes-closed). The 
surface Laplacian method was used to reduce the effect of volume conduction. FC between pairs of electrodes was 
estimated by debiased weighted phase lag index (dWPLI) in standard EEG frequency bands to increase connectivity 
accuracy. Hierarchical Bayesian regressions, accounting for age, sex, and education, were used to examine FC (1) 
across groups and (2) global cognition score derived from measures across 5 cognitive domains. 
Results: In theta, global FC (averaged across all electrodes) was higher by 0.5 (95% credible intervals (CI): 0.02–
1.06) in the PD-MCI group than the HC group; The PD-N group had intermediate values with no evidence of a 
reliable difference to the other groups. Regionally, the increased theta FC in the PD-MCI groups was most evident 
for the bilateral FC between the posterior and both anterior and central regions. Global FC for theta was negatively 
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associated with global cognition (β=-3.71, 95% CI: -6.94– -0.37). Although group comparisons did not reveal 
differences for global FC in the alpha band, it was positively associated with global cognition (β=3.09, 95% CI: 
0.14–6.09); this association was more prominent between anterior and posterior regions and within the posterior 
region. 
Conclusions: Declining cognition in PD is associated with increased FC for the theta band and decreased FC for the 
alpha band. Similar to previous findings, these changes are most prominent between frontal and posterior regions 
rather than localized effects. As a PD-MCI status confers a high risk of conversion to dementia, it would be 
informative to follow these patients longitudinally. 

1077 
Postural instability secondary to hypoxic injury to the bilateral globus pallidi 
D. Shpiner, J. Margolesky, H. Moore (Miami, FL, USA) 
Objective: To describe a case of post-hypoxic postural instability associated with bilateral internal globus pallidi 
(GP) infarcts. 
Background: A variety of movement disorders, including parkinsonism, have been described following hypoxic 
injury involving the GP. We present a rare case of postural instability in a patient who suffered hypoxia secondary to 
drug-induced respiratory failure. 
Methods: A 36 year-old man with depression, anxiety, ADHD, and polysubstance abuse lost consciousness 
following the use of amphetamine, cocaine, and heroin. EMS was called, and he responded to naloxone. The 
following day, he developed reduced speech output, bradykinesia, and postural instability (score 3 on MDS-UPDRS 
part III)—which was out of proportion to the remainder of his exam (overall score 9). MRI revealed isolated acute 
infarcts of the bilateral internal globus pallidi (GPi) without other signs of hypoxic injury. Bradykinesia was 
responsive to 600mg per day of levodopa; postural instability was recalcitrant. 
Results: Cerebral hypoxia with subsequent GP infarction has been reported to cause parkinsonism, postural 
instability, and freezing of gait (1,2). Parkinsonism is the most likely post-stroke movement disorder occurring after 
GP infarction (3). “Lower extremity parkinsonism” is a common description of the clinical picture following 
bilateral basal ganglia infarcts (4). Given the GPi role in classic basal ganglia functional anatomy, we would expect 
hyperkinetic movement disorders, as the lesioned nuclei would release their inhibition on the excitatory thalamic-
cortical signals. Despite MRI abnormalities being limited to GPi in our patient, we cannot assume that other 
susceptible areas were not affected by the hypoxic insult. The GPi projects to the mesencephalic locomotor region 
(including the pedunculopontinue nucleus) as part of a circuit involved in postural stability (5,6). GPi lesions likely 
cause network dysfunction leading to a phenotype not explained by classic basal ganglia functional anatomy. 
Conclusions: This case demonstrates the essential role of the GPi in postural stability. Improved understanding of 
this role may help guide the development of better therapies for patients with underlying basal ganglia disorders. 
References: 1. Fève AP, Fénelon G, Wallays C, Rémy P, Guillard A. Axial motor disturbances after hypoxic lesions 
of the globus pallidus. Mov Disord. 1993 Jul;8(3):321-326 2. Yoshii F, Kozuma R, Takahashi W, Haida M, Takagi 
S, Shinohara Y. Magnetic resonance imaging and 11C-N-methylspiperone/positron emission tomography studies in 
a patient with the interval form of carbon monoxide poisoning. J Neurol Sci. 1998 Sep 18;160(1):87-91 3. Suri R, 
Rodriguez-Porcel F, Donohue K, Jesse E, Lovera L, Dwivedi AK, Espay AJ. Post-stroke Movement Disorders: The 
Clinical, Neuroanatomic, and Demographic Portrait of 284 Published Cases. J Stroke Cerebrovasc Dis. 2018 
Sep;27(9):2388-2397 4. Winikates J, Jankovic J. Clinical correlates of vascular parkinsonism. Arch Neurol. 1999 
Jan;56(1):98-102 5. Morita H, Hass CJ, Moro E, Sudhyadhom A, Kumar R, Okun MS. Pedunculopontine Nucleus 
Stimulation: Where are We Now and What Needs to be Done to Move the Field Forward? Front Neurol. 2014 Dec 
4;5:243 6. Nutt JG, Bloem BR, Giladi N, Hallett M, Horak FB, Nieuwboer A. Freezing of gait: moving forward on a 
mysterious clinical phenomenon. Lancet Neurol. 2011 Aug;10(8):734-44 
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1078 
THOR 201: A Proof-of-Concept Study Assessing Safety, Tolerability, Pharmacokinetics and 
Pharmacodynamics of L-dopa delivered by Impel’s Precision Olfactory Delivery (PODTM) to Parkinson’s 
Disease Patients in an OFF Episode (in the presence of Dopa Decarboxylase Inhibitor) 
S. Shrewsbury, J. Campbell, M. Swardstrom, A. Lehn, K. Satterly, J. Hoekman (Seattle, WA, USA) 
Objective: Impel NeuroPharma has developed the patient-friendly, self or caregiver actuatedPrecision Olfactory 
Delivery (IMPEL PODTM) device to achieve consistent upper nasal cavity drug delivery, rapid systemic uptake and 
higher bioavailability relative to standard nasal sprays. This study with L-dopa for treatment of OFF episodes of 
Parkinson’s Disease (PD) assessed safety, tolerability, pharmacokinetics (PK) and pharmacodynamics of L-dopa 
administered with a dopa decarboxylase inhibitor (DCI). 
Background: As PD progresses, the brain requires more frequent and higher doses of L-dopa, yet still patients 
suffer disabling OFF episodes due to L-dopa (the “platinum” standard treatment for PD1) plasma fluctuations. The 
IP is a drug-device combination product of novel formulations of L-dopa delivered to the upper nasal cavity by the 
POD device. 
Methods: A randomized, placebo controlled, single dose study was conducted in L-dopa-responsive PD patients in 
an OFF episode at 5 Movement Disorder Clinics with safety, tolerability and PK blood collections for 2 hours post 
dosing and repeated MDS-UPDRS assessments. Doses of 35 mg, 70 mg and 140 mg per dose were assessed, pre-
dosed with oral benserazide. In a final additional cohort, a novel formulation of carbidopa/L-dopa 7/70mg (without 
oral DCI) was tested [Figure 1]. 
Results: The first 3 cohorts have completed dosing. Blinded, drug related TEAE data from the first 2 cohorts of 12 
active and 4 placebo dosed subjects revealed single episodes of: hypertension, sinus dryness, foggy head, mucus 
back of nose/throat, sneezing + coughing, drowsiness and nasal irritation and 2 episodes of headache. All AEs were 
mild, self-limiting and most lasted less than 1 hour. There were 3 (blinded) reports of slight post dosing dyskinesia 
in cohort 1 (at 120 minutes or later), but no reports in cohort 2. 
Conclusions: Satisfactory safety and tolerability results have allowed for 3 escalating doses of IP to be administered 
to PD patients in morning OFF episodes, and a further cohort planned with combined carbidopa/L-dopa, with 
detailed collection and analysis of PK and pharmacodynamic data ongoing. 
References: 1LeWitt PA. Levodopa therapy for Parkinson’s Disease: Pharmacokinetics and Pharmacodynamics. 
Movement Disorders 2015; 30: 64-72. 
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1079 
Clinical and imaging characteristics of manifest LRRK2 and GBA carriers: The PPMI cohort 
A. Siderowf, T. Simuni, M. Brumm, L. Uribe, C. Caspell-Garcia, H. Cho, C. Coffey, T. Foroud, B. Mollenhauer, C. 
Tanner, K. Kieburtz, L. Chahine, D. Weintraub, K. Marek (Philadelphia, PA, USA) 
Objective: To compare baseline clinical and imaging characteristics of the GBA and LRRK2 PD manifest cohorts 
to PD sporadic (sPD) cohort. 
Background: The phenotype and natural history of LRRK2 and GBA Parkinson disease (PD) have not been fully 
established. 
Methods: We analyzed data from the Parkinson’s Progression Markers Initiative (PPMI). Analysis was adjusted for 
gender and disease duration. 
Results: At the time of data download (11.5.2018), the study enrolled 155 LRRK2 (88.4% G2019S) and 82 GBA 
(88 %N370S) PD via study sites and worldwide recruitment initiatives compared to 366 sporadic PD (sPD) 
participants. The median PD duration in GBA and LRRK2 cohorts at recruitment was 38.7 (0.3-110) and 31.5 (1-
104) months respectively. Comparison was made to sPD cohort at 2 year study visit, median disease duration 
31.4(6.9). The average age of the LRRK2/GBA/sPD cohorts was 64 (9.2)/63 (9.7)/64(9.7) years (p>0.5), 55/46/34 
% females respectively. Compared to sPD, LRRK2 had significantly lower scores on the Movement Disorders 
Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS) Part III, less tremor dominant (TD) subjects, 
better smell test (UPSIT), lower RBD, higher anxiety (STAI trait) scores while GBAs had no difference on MDS-
UPDRS Part I-III but higher Part IV scores, less TD subjects, lower UPSIT and higher proportion of anosmics, no 
difference in RBD or sleepiness (ESS) scores. There was no difference in Montreal Cognitive Assessment (MoCA), 
depression scores and dopaminergic drugs utilization (LEDD) between the groups. There was no difference in 
cognitive or psychiatric features between GBA and LRRK2 cohorts.  Both genetic cohorts had higher (better) DAT 
striatal binding compared to sPD. At the time of the analysis only a subset of genetic cohort had results of spinal 
fluid biologics analysis and there was a trend for lower A-beta in GBA cohort. 
Conclusions: As previously reported, GBA and LRRK2 PD cohorts have distinct clinical features though the 
difference is subtle and does not involve cognitive domain. These observations create a window of opportunity for 
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early targeted disease modifying interventions. Higher DAT striatal binding in LRRK2 and GBA cohorts might 
reflect compensatory mechanisms unique to genetic cohorts. Longitudinal data will be essential to establish 
trajectory of progression. 

1080 
Clinical and imaging characteristics of non-manifest LRRK2 and GBA carriers: The PPMI cohort 
A. Siderowf, T. Simuni, L. Uribe, C. Caspell-Garcia, H. Cho, C. Coffey, T. Foroud, B. Mollehauer, C. Tanner, K. 
Kieburtz, L. Chahine, D. Weintraub, K. Marek (Philadelphia, PA, USA) 
Objective: To examine baseline clinical and dopamine transporter (DAT) imaging characteristics in a cohort of non-
manifest carriers (NMC) of GBA and LRRK2 compared to healthy controls (HC) in the PPMI cohort. 
Background: LRRK2 and GBA mutations are most common types of monogenic causes of Parkinson disease 
(PD).  The clinical and biomarker characteristics of non-manifesting mutation carriers have not been fully described. 
Methods: Parkinson’s Progression Markers Initiative (PPMI) is a longitudinal ongoing controlled study of at 
baseline de novo PD participants, HC and carriers of PD relevant genetic mutations.  All participants are assessed 
annually with comprehensive motor and non-motor scales, DAT imaging and biologic variables. 
Results: The study enrolled 194 LRRK2 (91% G2019S) and 132 GBA (96 %N370S) NMCs via study sites and 
worldwide recruitment initiatives. NMCs were average age was 61.9 (7.1) years, 60% female, and 87% had first-
degree PD relative. 25% of LRRK2 and 9% of GBA NMCs had abnormal DAT scan (defined as <80% of age 
expected lowest putamen SBR). Compared to HC, both LRRK2 and GBA NMCs had significantly higher scores on 
the Movement Disorders Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS) total, Part I, II, III, and 
lower Montreal Cognitive Assessment (MoCA), scores that were independent of DAT results. There was no 
difference in daytime sleepiness and REM behavior disorder scores. Hyposmia was significantly more common and 
predicted DAT scan deficit only in LRRK2. NMCs without DAT deficit showed increase in DAT striatal binding 
compared to HC. 
Conclusions: Our data demonstrate evidence of subtle PD motor and non-motor signs in NMCs that can precede 
DAT abnormalities with some differences between LRRK2 and GBA NMCs. Increase in DAT striatal binding in 
some NMCs might reflect compensatory mechanisms early in the prodromal phase. Longitudinal data will be 
essential to confirm our data, and establish risk factors and trajectory for development of motor parkinsonism. 

1081 
Posterior cortical atrophy (PCA) attributable to corticobasal degeneration 
H. Sienkiewicz-Jarosz, E. Bucior (Warsaw, Poland) 
Objective: Introduction: PCA is a clinico-radiological syndrome characterized by progressive decline in visual 
processing and other posterior cognitive functions, relatively intact memory and language in the early stages, and 
atrophy of posterior brain regions. We present a case of corticobasal degeneration as an example of the PCA-plus 
syndromes. 
Background: Case report: A 72-year-old man with a 5 years history of progressive symptoms of bradykinesia and 
limb apraxia. His past medical history included cataract surgery and bilateral macular degeneration. He was treated 
with levodopa in the past, but after introduction of the drug the patient reported only slight and transient 
improvement of motor function. The neurological examination revealed mainly left-sided bradykinetic-hypertonic 
syndrome. Moreover, left-sided visual neglect syndrome, visuospatial dysfunction and cortical sensory signs like 
astereognosis were presented. In addition, the patient had mirror movements of the left upper limb. 
Neuropsychological assessment revealed significant deficits in visual attention, visual and spatial functions, 
including the features of visual agnosia, agraphia and apraxia, with relatively intact memory and language functions. 
A brain magnetic resonance imaging showed asymmetric cortical and subcortical atrophy including mainly parietal 
lobes. 
Methods: case report 
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Results: Discussion: Chronic progressive nature, the asymmetry of symptoms, the lack of response to levodopa, the 
presence of mirror movements and cortical sensory signs as well as the results of the brain magnetic resonance 
imaging and neuropsychological assessment were the basis for the suspicion of corticobasal degeneration. Standard 
physical therapy and occupational therapy is recommended to improve functioning in such cases. The efficacy of 
levodopa is usually low. 
Conclusions: Key words: corticobasal degeneration, atypical parkinsonism, posterior cortical atrophy 

1082 
Measuring perceived-health status in Parkinson’s Disease – the role of London Handicap Scale 
D. Silva, M. Coelho, T. Soares, T. Vale, L. Guedes, R. Maciel, A. Antunes, S. Camargos, A. Valadas, C. Godinho, D. 
Maia, P. Lobo, R. Maia, T. Teodoro, C. Rieder, A. Velon, M. Rosas, A. Calado, V. Caniça, F. Cardoso, J. Ferreira 
(Lisbon, Portugal) 
Objective: To characterize the handicap of a broad sample of PD patients. 
Background: Measuring perceived-health status has an important role in Parkinson’s Disease (PD) to monitor its 
impact on daily living. Handicap is a patient-centered outcome measure of health status that encompasses the impact 
of social and physical environment on daily living. It was previously assessed in advanced and late-stage PD 
patients, but there is no data concerning the rest of the disease spectrum. 
Methods: 405 PD patients were assessed during the MDS-UPDRS Portuguese validation study, using the MDS-
UPDRS, Unified Dyskinesias Rating Scale, Nonmotor symptoms questionnaire and PDQ-8, in a cross-sectional 
study. Handicap was measured using the London Handicap Scale (LHS) (maximum handicap=0; minimum 
handicap=1). Spearman’s rank correlation and multiple linear regression were used to determine handicap 
predictors. 
Results: Mean age 64,42 (±10,3) years, mean disease duration 11,30 (±6,5) years and median Hoehn and Yahr (HY) 
2 (IQR, 2-3). Mean LHS total score was 0,652 (±0,204). Mobility, Occupation and Physical Independence were the 
most affected subdomains. Handicap was significantly correlated with disease duration (r=-0,35), motor experiences 
of daily living (EDL) (MDS-UPDRS-II) (r=-0,69), nonmotor EDL (MDS-UPDRS-I) (r=-0,51), motor disability 
(MDS-UPDRS-III) (r=-0,49), axial signs of MDS-UPDRS-III  (r=-0,55), HY stage (r=-0,44), presence of nonmotor 
symptoms (r=-0,51) and PDQ-8 index (r=-0,64)(all p<0.05). Motor EDL, MDS-UPDRS-III and PDQ-8 
independently predicted Handicap (adjusted R2 = 0,582; p=0,007). 
Conclusions: The LHS was easily completed by patients and caregivers, independently of disease duration. Patients 
were mild to moderately handicapped, which increased significantly with disease duration. Motor disability and its 
impact on EDL and poor QoL strongly determined handicap. Despite strongly correlated, handicap and QoL might 
measure different perceived-health status. Handicap seems to be a good measure of perceived-health status in PD. 

1083 
Is safinamide helpful in multiple system atrophy? 
R. Simões, A. Gonçalves, J.J. Ferreira (Loures, Portugal) 
Objective: To retrospectively review the clinical benefit of safinamide in patients with Multiple System Atrophy. 
Background: Safinamide is a new monoamine oxidase-B inhibitor, with dopaminergic and glutamatergic 
mechanisms, that has recently been approved as an add-on to levodopa for the treatment of Parkinson’s disease (PD) 
with fluctuations. Improvement in motor cardinal signs, dyskinesia, humour and pain have been suggested at 2-years 
follow-up. 
Multiple system atrophy (MSA) is a rare progressive degenerative disorder characterized by autonomic failure, and 
a variable combination of parkinsonism (P) and cerebellar ataxia, that leads to early severe disability. A subset of 
MSA-P patients may experience some transitory benefit with levodopa and some develop motor (MF) and nonmotor 
fluctuations 
Methods: Four patients with probable or possible MSA-P (according to the second consensus criteria) and MF were 
treated with safinamide. The initial dose was 50 mg and it was increased according to clinical response: if 
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insufficient (none or partial) clinical benefit, doses were increased to a maximum of 200 mg/day. Clinical charts 
were retrospectively reviewed. 
Results: Patients were 65 ± 9 years-old women, 5.8 ± 2.5 years of disease duration, Hoehn & Yahr (HY) stage of 3 
(three patients) and 4 (one patient), treated with levodopa equivalent dose of 1299 ± 584 mg. All had MF (four had 
motor wearing off, three had morning akinesia), four had OFF freezing of gait (FOG) and three had OFF pain. 
Median follow-up was 6 months. MF and FOG improved in all patients with 50-100 mg/day of safinamide. HY 
improved from 3 to 2 in three patients. In one patient wearing OFF pain only remitted with 200 mg/day. The patient 
on safinamide 50 mg/day developed non-troublesome orofacial dyskinesia. None developed symptomatic orthostatic 
hypotension nor hallucinations. 
Conclusions: Although this is a small group of patients with no control intervention, it seems that, as in PD, 
safinamide might be helpful in MSA-P patients with MF, FOG and OFF pain. The benefit in OFF FOG and OFF 
pain might be explained by safinamide’s multimodal pharmacological profile other than dopaminergic. Clinical 
trials are needed to demonstrate this potential symptomatic benefit. 

1084 
Neuromodulatory potentials of revasterol and Carpogon capitatus Roxb on the rat brain: Novel approach for 
Parkinson’s diseases 
D.S. Singh, M.S. Singh, P.K. Kumar, Y.K. Gupta (Allahabad, India) 
Objective: The aim of the current study is to explore the synergistic effects of revasterol and Carpogon capitatus 
extract  Roxb in rotenone induced rat model of Parkinson’s diseases via downregulation of oxidative stress and 
neurobehavioral characteristics. 
Background: Parkinson’s diseases is the most common age related neurodegenerative disorder in which destruction 
of dopaminergic neurons and accumulation of α-synuclein protein in the substantia nigra pars compacta of the mid 
brain. Oxidative stress is the other factor which causes imbalance in metabolism of dopamine.  Carpogon capitatus 
extract and Revasterol  are effective biomolecule and has been used in Ayurvedic medicine to treat various 
dysfunctions. 
Methods: Swiss albino rats were subcutaneously injected with rotenone at a dose level of 1.5 mg/kg B.W. to 
produce symptoms of PD. Pre-treatment with revasterol and Carpogon capitatus extract to all the rats except normal 
group. Behaviour paradigms were monitored by hang and catalepsy test. Supernatant of brain were used to estimate 
the biochemical and neurochemical parameters. Pro-inflammatory cytokines i.e. tumor necrosis factor alpha and 
interleukin-1β were also evaluated. 
Results: Finding suggested that after the administration of rotenone significantly induced neurobehavioual 
paradigms as well as produced oxidative dysfunction by increasing the lipid peroxidation. They also significantly 
downregulated the level of dopamine (DA) and 5-hydroxytryptamine (5-HT).  Treatment with revasterol and 
Carpogon capitatus extract significantly amended the cognitive impairment by increased level of antioxidant 
parameter and decreased LPO and nitrite level in nigrostriatal tissue of rat brain. Moreover, significantly reduced the 
proinflammatory cytokines and enhanced level of DA and 5-HT when compared to rotenone induced group. 
Conclusions: Finding proved that extract of Carpogon capitatus Roxb and revasterol restores the cognitive 
behaviour and used as a therapeutic agent in the management of Parkinson’s diseases. 

1085 
Serological analysis of circulating Alpha Synuclein protein levels by Surface Plasmon Resonance (SPR) In 
Parkinson’s disease 
A. Singh, T. Bajaj, A. Dey, S. Dey (New Delhi, India) 
Objective: α-synuclein (α-Syn) is a presynaptic protein whose overexpression or misfolding contributes to the 
pathophysiology of Parkinson’s disease (PD). This study aims to estimate the α-Syn levels concentration in serum 
by real time, label free Surface Plasmon Resonance (SPR) technique which is well established technique for 
biomarker discovery in pico molar range. 
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Background: In India 7 million people are affected with PD. The WHO estimated the prevalence of PD in India is 
160 per 1000,000. Oligomeric α-syn is the pathologic hall mark of PD. α-Syn levels can be potential clinical protein 
marker for PD, but several studies have reported different results. Analysing the body fluids (e.g. blood, urine, 
saliva, tear etc.) proteome is the promising approach to identify protein marker for diseases. Circulatory proteins 
reflects human physiological or pathological condition. Blood based biomarker is noninvasive technique, more 
helpful for screening large population and helpful for elderly patients. 
Methods: The concentration of α-Syn in serum samples of 38 PD patients and 33 control group (CG) individuals 
were quantified by surface plasmon resonance (SPR). The study was approved by AIIMS, New Delhi Ethics 
Committee (IESC/iT-461/30.9.2015) and written consent was obtained from subjects. The receiver operating 
characteristic curves(ROC) was plotted to evaluate it as circulating blood based protein biomarker. The  sensitivity, 
specificity and area under curve (AUC) obtained from ROC curve analysis disclosed the accuracy to differentiate 
PD from GCl in respect to serum α-Syn levels. 
Results: α-Syn level was significantly (p≤0.0001) higher in PD patients (38.20±4.22ng/µL) than CG (34.31±3.23 
ng/µL). AUC for α-Syn were found to be  0.753. Cut-off value of ≥35.94 ng/µL for α-Syn resulted in sensitivity of 
69.7% and a specificity of 68.6% for PD diagnosis. The correlation of serum  α-Synuclein with duration of disease, 
age, BMI andUPDRS-III was evaluated. The levels of α-Syn increases with progressive UPDRS-III 
score.Furthermore, there was no signifcant correlation of α-Syn levels were detected with various d covariates  in 
PD. [table1]; [table2]; [figure1]; [figure2] 
Conclusions: It can be summarized from our report that α-Syn can be one of the potential diagnostic protein 
markers for PD and differentiate it from elderly controls in Indian population by SPR. 

 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

1086 
REM sleep behavior disorder and REM sleep without atonia is a progression marker in Parkinson’s disease: 
a report from the DeNoPa cohort 
F. Sixel-Döring, L. Zimansky, M.L. Muntean, B. Mollenhauer, C. Trenkwalder (Kassel, Germany) 
Objective: To investigate the development of REM sleep behavior disorder (RBD) and REM sleep without atonia 
(RWA) in Parkinson’s disease (PD) patients from the de novo state to 6 years follow-up. 
Background: On video-supported polysomnography (vPSG) in 158 de novo PD patients (DeNoPa cohort), we 
previously identified 40 subjects with RBD (25%) and 41 subjects with minor motor behaviors during REM not 
fulfilling diagnostic criteria for RBD named REM behavioral events(RBE) (26%) (1). We analyzed RBD and RWA 
at 6 years follow-up (FU). 
Methods: Diagnosis of RBD was established with vPSG according to international (ICSD-2) (2). For measurement 
of RWA surface EMG activity of mentalis muscle was quantified according to the SINBAR method (3) and 
compared in PD+RBD at baseline and after 6 years. The influence of time, age, gender, levodopa equivalent daily 
dose (LEDD), UPDRS score and benzodiazepines on RWA was investigated. 
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Results: After 6 years vPSG was available from 98 patients. Altogether 51/98 (52%) patients showed RBD at 
follow-up. In the initial group of 40 PD+RBD patients, all 23 valid patients were confirmed with RBD after 6 years. 
Out of 17 non-valid patients, 8 patients had died, 4 patients dropped out, 3 patients refused vPSG, 1 patient couldn’t 
sleep on the vPSG night, 1 patient had no REM sleep. In the RBD group RWA increased from 38+21 % (16-99%) at 
baseline to 48+24 % (12-90%) at FU (p=.01). Mean age was 67+8 (44-82) years at baseline and 70+7(50-79) years 
at FU. The influence of age on RWA increase was significant (p=.034). UPDRS scores, LEDD, and benzodiazepine 
use did not enhance RWA. In those 41 PD patients diagnosed with RBE at baseline, 5 patients had died, 7 patients 
dropped out, 4 patients refused PSG, 2 patients couldn’t sleep, and 2 patients had no REM sleep. Fifteen of the 21 
remaining patients (71%) had converted to RBD at FU, 5 patients now showed normal REM (24%) and 1 patient 
retained RBE. 
Conclusions: All patients identified with RBD at baseline retained RBD at FU with a significant further increase of 
RWA. Patients with RBE progressed to RBD in 71% over 6 years confirming RBE as a prodromal state. The 
frequency of RBD in PD doubles from baseline to 6 years FU with age as an independent factor enhancing RWA. 
RBD and its prodromal state RBE reflect disease progression in PD patients. An influence of dopaminergics or 
benzodiazepines could not be shown. 
References: 1. Sixel-Döring F, Trautmann E, Mollenhauer B, Trenkwalder C. Rapid eye movement sleep 
behavioral events: a new marker for neuerodegeneration in early Parkinson disease? Sleep 2014; 37:431-8 2. 
American Academy of Sleep Medicine. International Classification of Sleep Disorders 2nd ed. Westchester, IL: 
American Academy of Sleep Medicine, 2005 3. Frauscher B, Iranzo A, Gaig C, et al. Normative EMG values during 
REM sleep for the diagnosis of REM sleep behavior disorder. Sleep 2012; 35: 835-47 

1087 
Hypothalamic functional connectivity correlates with autonomic symptom burden in patients with Multiple 
System Atrophy 
M. Sklerov, N. Browner, D. Drazheva, E. Dayan (Chapel Hill, NC, USA) 
Objective: To investigate the association between autonomic symptom burden and hypothalamic functional 
connectivity in patients with MSA. 
Background: Multiple system atrophy (MSA) is a progressive neurodegenerative condition characterized clinically 
by the combination of parkinsonism, cerebellar ataxia, autonomic dysfunction, and pyramidal system dysfunction. 
Autonomic symptoms are often very prominent, and thought to be primarily related to deterioration in the brainstem 
and sympathetic chain. Hypothalamic structural and functional changes are well documented in MSA[1]. The 
hypothalamus plays an important role in autonomic function[2], and altered functional connectivity between the 
hypothalamus and the striatum in Parkinson’s disease patients with higher burden of autonomic symptoms has 
previously been demonstrated by our group[3]. 
Methods: We enrolled patients with probable or possible MSA seen at the UNC Neurology clinic for their care. 
Participants completed the Scale for Outcomes in Parkinson’s disease for Autonomic Symptoms (SCOPA-AUT), 
Montreal Cognitive Assessment (MoCA), and underwent brain MRI including T1 and rs-fMRI sequences. We 
employed seed-to-voxel analysis, with seeds in the left and right hypothalamus, to investigate patterns of functional 
connectivity between the hypothalamus and other brain structures associated with SCOPA-AUT scores. Results 
were corrected for multiple comparisons. 
Results: We enrolled 11 participants into this study. Mean disease duration was 6.5 years (range 1.5-13 years), 
mean SCOPA-AUT score was 26.3 (range 10-34). We found alterations in functional connectivity between the left 
and right hypothalamus and the brainstem, inferior temporal gyrus, subcallosal cortex, anterior cingulate gyrus, 
parahippocampal gyrus, cerebellum, paracingulate gyri, and the subcallosal cortex, in association with increased 
SCOPA-AUT. 
Conclusions: We present the first investigation, to our knowledge, of the association of autonomic symptom burden 
with rs-fMRI measures in MSA. We found alterations of functional connectivity between the hypothalamus and 
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many known cortical and subcortical CNS autonomic centers in association with elevated autonomic symptom 
burden in MSA. 
References: 1. Benarroch, E.E., et al., Differential involvement of hypothalamic vasopressin neurons in multiple 
system atrophy. Brain, 2006. 129(Pt 10): p. 2688-96. 2. Sklerov, M., E. Dayan, and N. Browner, Functional 
neuroimaging of the central autonomic network: recent developments and clinical implications. Clin Auton Res, 
2018. 3. Dayan, E., M. Sklerov, and N. Browner, Disrupted hypothalamic functional connectivity in patients with 
PD and autonomic dysfunction. Neurology, 2018. 90(23): p. e2051-e2058. 

1088 
Exercise and physical activity for people with Progressive Supranuclear Palsy 
S. SLADE, D. FINKELSTEIN, J. McGINLEY, M. MORRIS (BUNDOORA, Australia) 
Objective: To (i) evaluate the literature on exercise and physical activity for Progressive Supranuclear Palsy and (ii) 
make PSP-specific recommendations for exercise programs and trial design. 
Background: Progressive supra-nuclear palsy (PSP) is a debilitating and rapidly progressing form of atypical 
Parkinson’s disease. PSP is associated with movement disorders, disabilities and reduced social participation. 
Although emerging evidence supports exercise there is a need to define optimal content, dosage and scheduling. 
Methods: The protocol was registered on PROSPERO (CRD42018103845). Systematic review methods were 
informed by Cochrane guidelines and reported with the PRISMA Statement. English language peer-reviewed 
exercise studies of any design, and in any setting, were included. Interventions were excluded if they included non-
invasive brain stimulation, electrotherapy or other neurological conditions. Nine electronic databases were searched 
until July 31, 2018. The PEDro scale or Joanna Briggs Institute instruments were used for method quality 
assessment. Data were extracted under headings such as study, sample and intervention characteristics. Intervention 
elements were extracted using the Consensus on Exercise Reporting Template. We sought missing data and 
calculated effectiveness where possible. 
Results: From a yield of 7415 titles 10 studies were included. Method quality appraisal indicated overall moderate 
to high a risk of bias. Study designs included randomised/ quasi-randomised controlled trials, quasi-experimental 
studies, cohort and case studies. Sample sizes ranged from one to 24 participants. Interventions consisted of 
treadmill training, robot-assisted walking or balance and gaze training, and ranged from three to five sessions per 
week for four to eight weeks. Outcome measures were predominantly gait and balance. Function, disability and 
quality of life were inconsistently reported and adverse events were not reported. Intervention effects were typically 
small to moderate and statistically non-significant. 
Conclusions: Exercises tailored to the specific needs of people living with PSP are needed. Effects of condition-
specific exercises requires evaluation with well-designed clinical trials. Complex equipment and facilities are not 
always accessible. There is a need for a core set of outcome measures to evaluate  exerciseeffects for PSP on 
function, disability, quality of life and wellbeing. 

1089 
Frailty in Parkinson's disease: A systematic review 
N. Smith, L. Brennan, D. Gaunt, Y. Ben-Shlomo, E. Henderson (Bath, United Kingdom) 
Objective: The aim of this study was to examine the co-occurrence of frailty in people with PD; to describe the 
measures used to assess frailty in PD, and assess the prevalence of frailty in subjects with PD. 
Background: Parkinson’s disease (PD) and frailty are two conditions that are increasingly common with advancing 
age, yet little is known about their relationship. 
Methods: We conducted a systematic review of Pubmed and Embase in April 2018. Studies that assessed frailty in 
subjects with PD were included in the review and data was extracted on the prevalence of frailty in subjects with 
PD. Due to heterogeneity of studies a meta-analysis was not performed. 
Results: 8 studies were included in the review, of which 7 were cross-sectional and 1 a prospective cohort study. 
Mean age of participants with PD in the studies ranged from 66 to 85 years. The majority (6/8) used the 5-item, 
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Fried criteria to measure frailty, with the remainder using index-based measures. 5 studies provided data on the 
prevalence of frailty in PD, which ranged from 29% to 67%. 
Conclusions: Few studies have quantified the prevalence of frailty in PD, but those that have suggest a high 
concurrence of these two conditions. 

1090 
The association between frailty and Parkinson’s in the ReSPOnD trial 
N. Smith, D. Gaunt, A. Whone, Y. Ben-Shlomo, E. Henderson (Bath, United Kingdom) 
Objective: To assess the prevalence of frailty in a cohort of people with idiopathic Parkinson's disease, and 
investigate the factors associated with frailty. 
Background: Frailty and Parkinson’s disease (PD) are conditions that are highly prevalent in older populations, and 
often overlap. However, few studies have described occurrence of frailty in people with Parkinson’s. 
Methods: Data were collected as part of the double-blind randomised controlled rivastigmine to stabilise gait in 
Parkinson’s (ReSPonD) trial in 130 people with Hohn and Yahr 2-3, idiopathic PD who had fallen in the year prior 
to enrolment.  Individuals were assessed at baseline and followed up with repeat clinical assessment at 8 months. 
Frailty status was determined at 8 months using the original Fried criteria. 
Results: 120 / 130 patients originally enrolled attended for follow-up.  34% were women.  At follow-up, the mean 
(SD) age was 70.2 yrs (8.0) and MDS-UPDRS total score 91.5 (29.1). Median MoCA score was 25 (IQR 22.5 to 
27.0), disease duration 9.8 yrs (IQR 4.6 to 13.1), Geriatric Depression Score 4 (IQR 2 to 6 ). Using the Fried frailty 
criteria (0=robust, 1-2 pre-frail, 3-5 frail), n=31 (26%) were frail and 70 (58%) pre-frail.  In univariable analysis, 
being female, higher depression score and MDS-UPDRS score was associated with greater number of frailty 
features. Using ordinal regression, in the multivariable model, being female (OR 3.10 95%CI 1.53 to 6.26, p=0.002), 
higher total MDS-UPDRS score (OR 1.02 95%CI 1.01 to 1.03, p<0.000) and higher depression score (OR 1.12 
95%CI 1.01 to 1.24, p=0.026) were associated with higher number of frailty markers. 
Conclusions: There was a high prevalence (84%) of pre-frail and frail individuals in this cohort of patients with 
Hoehn and Yahr stage 2-3 Parkinson’s disease whom had fallen. Future research should determine the optimum tool 
to assess frailty in this at risk population and delineate the association between Parkinson’s and frailty features and 
longer term outcomes. 

1091 
Can the Quantified Timed Up and Go (QTUG) device support decision making for patients undergoing Deep 
Brain Stimulation? 
J. Somerset, B. Hammersley, M. Bonello (Liverpool, United Kingdom) 
Objective: To increase the speed and objectivity of decision making for patients with Parkinson’s disease and gait 
impairments, undergoing deep brain stimulation (DBS), using the quantified timed up and go (QTUG) device. 
Background: Deep Brain Stimulation (DBS) provides an effective treatment to alleviate motor symptoms of 
Parkinson’s disease (PD). However, DBS is less efficacious in treating gait and balance impairments for patients 
with PD and can have a negative effect on balance (1).There is disagreement within the literature regarding optimal 
DBS parameters and targets for patient with gait and balance problems (2), specifically around high or low 
frequency stimulation. Although lower frequency stimulation can assist with some forms of gait impairment, other 
therapeutic benefits of DBS can be lost (3).The lack of homogeneity in the measurement of gait and postural control, 
alongside the challenges of timely and cost efficient sensitive objective measurement is likely the cause of this 
debate. More advanced and selective measurements are recommended (4).A new validated wearable device, the 
Quantitative Timed Up and Go (QTUG) (5) can be used to measure gait parameters, falls risk and underlying frailty 
in patients with Parkinson’s disease. The device is transportable to the outpatient setting and can deliver instant 
objective data which can support decision making within clinical practice.We present 3 cases where the QTUG 
device was used to support decision making and measure outcome for patients with PD and gait impairment 
undergoing post-operative DBS parameter changes. 
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Methods: 3 patients were seen within a DBS clinic for review of DBS clinical changes. The QTUG device was used 
to measure gait parameters after each change to monitor efficacy on gait, falls risk and underlying frailty. 
Results: We present objective data of 3 patients whose gait parameters, falls risk and underlying frailty were 
improved using DBS and the QTUG device. The results demonstrate where side effects of overstimulation occur, 
allowing for real-time clinic changes. An example can be seen within table 1. 
Conclusions: The QTUG device can be used in clinical practice to support decision making for DBS patients with 
gait impairment. The QTUG device could be a valuable tool in future research projects on DBS parameters and gait 
impairment. 
References: 1/ Collomb-Clerc, A and Welter, ML. Effects of deep brain stimulation on balance and gait in patients 
with Parkinson’s disease: a systematic neurophysiological review. Neurophysiologie Clinique. 2015: 45(4-5) pp. 
371–388. 2/ Anderson D, Beecher G, Ba F. Deep Brain Stimulation in Parkinson's Disease: New and Emerging 
Targets for Refractory Motor and Nonmotor Symptoms. Parkinsons Dis. 2017;2017:5124328. 3/ Su D, Chen H, Hu 
W, et al. Frequency-dependent effects of subthalamic deep brain stimulation on motor symptoms in Parkinson's 
disease: a meta-analysis of controlled trials. Sci Rep. 2018;8(1):14456. Published 2018 Sep 27. doi:10.1038/s41598-
018-32161-3 4/ Lord S, Galna B, Rochester L. Moving forward on gait measurement: toward a more refined 
approach. Mov Disord. 2013;28:1534–1543. doi:10.1002/mds.25545 5/ Barry R. Greene, Brian Caulfield, 
Dronacharya Lamichhane, William Bond, Jessica Svendsen, Connie Zurski, Dyveke Pratt, “Prediction of falls in 
Parkinson’s disease using the Timed Up and Go test and body-worn sensors”, 1st European conference on Falls, 
Frailty & Fractures, Dublin, November 2017 
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1092 
Prevalence of advanced Parkinson’s disease in Thai patients with Parkinson’s disease using the Consensus on 
the Definition of Advance Parkinson’s disease (CEPA Study): A single-center study 
J. Srikajon, P. Srivanitchapoom, Y. Pitakpatapee, A. Pisarnpong, T. Sangpeamsook, A. Suengtaworn (Bangkok, 
Thailand) 
Objective: To identify the prevalence of APD in Thai PD patients who were registered to Movement disorders 
clinic at Siriraj Hospital, Thailand. The demographic data and modalities of treatment including oral and advanced 
non-oral therapies were also collected. 
Background: Parkinson’s disease (PD) is divided into 3 stages including early, mid, and advanced stage. However, 
the border zone between each stage is not clear [1]. Identifying the stage of the disease is clinically important 
because management of advanced PD (APD) is needed to integrate the knowledge and select the proper treatments 
for combatting motor, non-motor symptoms, and motor complications. Recently, there is the statement addressed the 
definition of APD published from the “Consensus on the Definition of Advance Parkinson’s disease (CEPA) study” 
[2]. The advantage of this consensus may help us to estimate the prevalence of APD and may guide the physicians to 
employ more suitable treatments to the APD patients. 
Methods: A retrospective chart review of all registered patients, total 452 patients, at our clinic from January 2016 
to December 2018 was done with approval by the IRB. All data were collected during “ON” time. 
Results: The prevalence of APD using CEPA’s definition was 36.7% (166 out of 452) with male predominance 
(59.6%). The mean age of APD was 65.53 ± 9.59 years. The mean of disease duration was 13.9 + 6.2 and median of 
motor complication duration was 6.97 years [table1]. The APD patients were mostly in H&Y stage 3 (56.1%). Mean 
score of total UPDRS was 67.83 ± 24.10 which mean score of UPDRS part III was 3.15 ± 0.83 [table2]. Seventy-
nine patients (47.6%) received advanced non-oral therapies which mainly was an STN-DBS (89.9%). The most 
factor that prevents the APD from the advanced therapies was the financial and psychosocial problems (54.9%) 
[table3]. 
Conclusions: Prevalence of APD in our population was one-third. Less than half of APD could achieve the proper 
treatment for controlling their symptoms. This current results may rise of the awareness of identifying APD and 
make an impact to the level of the policy to provide proper care which APD patients deserve. 
References: 1. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology. 1967;17(5):427-
42. 2. Luquin MR, Kulisevsky J, Martinez-Martin P, Mir P, Tolosa ES. Consensus on the Definition of Advanced 
Parkinson's Disease: A Neurologists-Based Delphi Study (CEPA Study). Parkinsons Dis. 2017;2017:4047392 
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1093 
A First in Human Study of PBT434, a Novel Small Molecule Inhibitor of Alpha-Synuclein Aggregation 
D. Stamler, M. Bradbury, C. Wong, E. Offman (Newark, CA, USA) 
Objective: To evaluate the safety, tolerability and pharmacokinetics of PBT434 in healthy volunteers. 
Background: PBT434 is a novel, small molecule inhibitor of alpha-synuclein aggregation. In transgenic animal 
models of Parkinson disease (A53T) and Multiple System Atrophy (MSA) (PLP-alpha-Syn), PBT434 reduced 
alpha-synuclein aggregation, preserved neurons and improved motor function [1] [2]. Glial cell inclusions were also 
reduced in the MSA model.   PBT434 is thought to act by redistributing reactive iron across membranes, thereby 
inhibiting intracellular protein aggregation and oxidative stress.   The affinity of PBT434 for iron is greater than that 
of alpha-synuclein but lower than that of iron trafficking proteins such as ferritin. 
Methods: In this randomized, double-blind, placebo-controlled study, subjects received oral single ascending doses 
of 50 to 600 mg (SAD; n=8) or 8 days dosing with multiple ascending doses of 100 and 250 mg BID (MAD; n=10) 
of PBT434. Serial plasma samples were collected over 72 hours post-dose in the SAD phase and over 12- and 96-
hours post-dose on Days 1 and 8, respectively, in the MAD phase.  Drug levels were quantified from CSF sampled 
at 1.5 hours post-dose on Day 7 at the 250 mg BID dose. Safety was assessed with physical exam, vital signs, 
adverse events, laboratory tests and 12-lead ECGs. 
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Results: PBT434 demonstrated dose dependent pharmacokinetics after single doses of 50 to 600 mg [figure 1], with 
a mean elimination half-life up to 9.3 hrs, and after 8 days dosing at 100 mg BID and 250 mg BID [figure 2]. 
PBT434 was rapidly and extensively absorbed after oral administration with a median Tmax of 1 to 1.25 hours and 
steady state was achieved by Day 7. At plasma Cmax, PBT434 exhibited good distribution into the CNS, achieving 
a mean (SD) CSF concentration of 79% (20) of the corresponding free plasma concentration. PBT434 was well 
tolerated with infrequent adverse events that were mild to moderate in severity. No serious adverse events were 
reported. No significant laboratory or ECG abnormalities were detected. 
Conclusions: Single and repeated doses of PBT434 were well tolerated. PBT434 is a CNS-penetrant, orally 
bioavailable small molecule drug candidate with potential for treating synucleinopathies such as Parkinson disease 
and Multiple System Atrophy. 
References: [1] Finkelstein DI, Billings JL, Adlard PA, et al. The novel compound PBT434 prevents iron mediated 
neurodegeneration and alpha-synuclein toxicity in multiple models of Parkinson's disease. Acta Neuropathol 
Commun. 2017;5(1):53. doi:10.1186/s40478-017-0456 2. [2] D. Finkelstein, P. Adlard, N. Stefanova, D. Stamler. 
PBT434 prevents the accumulation of glial cell inclusions and insoluble alpha-synuclein in a mouse model of 
Multiple System Atrophy. Mov Disord, Vol. 33, Suppl. 2, 2018. Abstract 990. 
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1094 
Body Mass Gain in Parkinson's Disease Following Deep Brain Stimulation: A Systematic Review 
J. Steinhardt, T. Münte, S. Schmid, B. Wilms, N. Brüggemann (Lübeck, Germany) 
Objective: To investigate the extent and time course of body mass gain after subthalamic nucleus (STN) deep brain 
stimulation (DBS) in Parkinson’s disease (PD) patients. 
Background: DBS of the STN has become a well-established therapy in advanced PD for managing severe motor 
complications. However, a remarkable body mass gain can occur after STN DBS, which may at least partly 
counteract the positive effects of motor improvement. 
Methods: For this systematic review, a computerized search for relevant articles was performed in MEDLINE, 
Cochrane Library, Clinical Trials, and Livivio against a priori inclusion and exclusion criteria. Body mass (BM) and 
body mass index (BMI) were considered as main outcome parameters. The effect size for BM and BMI changes 
were described by Cohen’s d. Variables associated with changes in the main dependent variables were analyzed by 
Pearson correlation. 
Results: Following application of these criteria, 38 out of 154 studies remained and were included in this review 
yielding a total sample size of 979 PD patients with STN DBS with a mean age across studies of 59.0±7.5 years 
(range, 54.9-66.0 years). Considering the longest follow-up time for each study, BM and BMI showed a mean 
increase across studies of 5.7 kg (p<0.0001; d=0.64) and 1.8 kg/m² (p<0.0001; d=0.78). [figure1] We analyzed the 
time course of BM gain after surgery and detected a continuous increase in BM ranging from 2.9 kg (d=0.69) at 3 
months, 3.9 kg (d=0.21) at 6 months, 6.4 kg (d=0.72) at 12 months, and 6.1 kg (d=1.02) above 12 months of 
stimulation. BMI increased by 1.00 kg/m² at 3 months (p<0.001; d=1.08), by 1.57 kg/m² at 6 months (p<0.001; d = 
0.87), by 2.12 kg/m² (p=0.004; d=2.14) at 12 months, and by 1.97 kg/m² (p=0.080; d=1.65) above 12 months of 
stimulation. [figure2] In search for predictive factors of body weight gain after surgery, we performed a correlation 

This article is protected by copyright. All rights reserved.



analysis. Change in BM was correlated with age (r=-0.4239, p=0.031). Regarding the symptoms of PD, mean 
change in BMI was positively correlated with mean change in LEDD (r=0.440, p=0.0231) and with mean change in 
UPDRS III scores (r=0.502, p=0.010). 
Conclusions: Our review clearly demonstrates a massive BM gain following STN DBS. In light of these findings 
and considering the negative health implications of obesity we recommend the development of tailored therapies to 
prevent obesity and associated metabolic disorders following STN DBS surgery. 
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1095 
Successful treatment of Parkinson’s disease-related impulse control disorder with bilateral STN DBS 
T. Stiep, D. Spengler Shpiner, C. Luca (Miami, FL, USA) 
Objective: To present a case of Parkinson’s disease (PD) complicated by impulse control disorder (ICD) which 
improved following deep brain stimulation (DBS) targeting the bilateral sub-thalamic nuclei (STN). 
Background: Dopamine replacement therapy, while essential to the treatment of motor symptoms in PD, is believed 
to contribute to the onset of ICD, a non-motor complication which can have devastating consequences [1]. There has 
been considerable interest in DBS as a potential treatment for ICD, as it allows for postoperative reduction of 
dopaminergic medications. Literature review of DBS of STN and its association with ICD, shows a mixed picture 
with both good and poor outcomes. STN DBS through case reports/studies has shown resolution, improvement, 
worsening and even de novo ICD [2-6]. 
Methods: Case report and review of literature 
Results: A 44-year-old man with a history of PD since age 29 developed motor fluctuations requiring high doses of 
dopaminergic medications (up to 2,500mg of levodopa daily). He subsequently developed dopamine dysregulation 
syndrome, psychosis, and ICD manifested by hypersexuality, excessive spending, gambling, and binge eating.   ICD 
symptoms were severe and led him to drug his wife to have sexual relations, hire prostitutes, and lose close to 1 
million dollars through gambling and compulsive spending. Ultimately his wife filed for divorce and filed a 
restraining order against him. He lost custody of his children, became homeless, and required multiple 
hospitalizations for stabilization of his psychosis.  Due to severe motor fluctuations he was unable to wean PD 
medications. He underwent placement of bilateral STN DBS and was able to reduce medications to 100mg of 
levodopa daily. He had significant improvement in all symptoms including ICD; his psychosis has resolved, he has 
returned to work, and he is rebuilding relationships with his family. 
Conclusions: DBS may be an option for patients with PD complicated by motor fluctuations and severe ICD 
symptoms who are unable to wean dopaminergic medications. 
References: 1 .Hassan A, Bower JH, Kumar N, et al. Dopamine agonist-triggered pathologiclal behaviors: 
surveillance in the PD clinic reveals high frequencies. Parkinsonism Relat Disord 2011;17:260-264. 2. D. 
Weintraub, J. Koester, M.N. Potenza, A.D. Siderowf, M. Stacy, V. Voon,J. Whetteckey, G.R. Wunderlich, A.E. 
Lang, Impulse control disorders in Parkinson disease: a cross-sectional study of 3090 patients, Arch. Neurol. 67 (5) 
(2010) 589–595. 3. G. Mandybur, A.P. Duker, A.J. Espay, L. Lopiano, Impulse control behaviors and subthalamic 
deep brain stimulation in Parkinson disease, J. Neurol. (2016). 4. P.J. Rossi, S. De Jesus, C.W. Hess, D. Martinez-
Ramirez, K.D. Foote, A. Gunduz,M.S. Okun, Measures of impulsivity in Parkinson's disease decrease after DBS in 
the setting of stable dopamine therapy, Parkinsonism Relat. Disord. 44 (2017) 13–17. 5. Y.E. Kim, H.J. Kim, H.J. 
Kim, J.Y. Lee, J.Y. Yun, J.Y. Kim, S.H. Paek, B.S. Jeon,Impulse control and related behaviors after bilateral 
subthalamic stimulation in patients with Parkinson's disease, J. Clin. Neurosci. 20 (7) (2013) 964–969. 6. S.Y. Lim, 
S.S. O'Sullivan, K. Kotschet, D.A. Gallagher, C. Lacey, A.D. Lawrence, A.J. Lees, D.J. O'Sullivan, R.F. Peppard, 
J.P. Rodrigues, A. Schrag, P. Silberstein, S. Tisch, A.H. Evans, Dopamine dysregulation syndrome, impulse control 
disorders and punding after deep brain stimulation surgery for Parkinson's disease, J. Clin. Neurosci. 16 (2009), pp. 
1148–1152. 

1096 
The STN Sweet Spot for Tremor Control in Parkinson’s Disease 
T. Stiep, A. Diaz, I. Cajigas, J. Jagid, C. Luca (Miami, FL, USA) 
Objective: Describe 4 cases of Parkinson’s disease (PD) patients with residual tremor post deep brain stimulation of 
subthalamic nucleus (DBS-STN) that underwent repositioning of electrodes posteriorly in the STN with subsequent 
clinical improvement of tremor. 
Background: DBS-STN is a standard therapeutic option in PD with excellent short- and long-term clinical results. 
Optimal DBS site for PD patients with tremor, bradykinesia and rigidity appear to correspond to different areas in 
the motor STN. Stimulation of posterior STN is most effective for tremor as thought to be connected to the motor 
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cortex M1. Whereas for rigidity and bradykinesia stimulation of mid STN connecting to SMA and PFMC, showed 
highest improvements [1]. 
Methods: Retrospectively reviewed 4 cases with residual tremor after initial DBS-STN selected for repositioning of 
electrodes in the STN. Lead verification and repositioning was confirmed with MRI of brain. Pre-operative high 
resolution T1 and T2 weight MRI images were co-registered to initial and revision post-operative CT with LeadDBS 
Matlab Toolbox[2]. The co-registered scans were nonlinearly transformed into an MNI space atlas for visualization 
of patient data within a single reference brain atlas[3]. 
Results: In all 4 cases, patients had significant improvement post initial DBS , however had suboptimal tremor 
control and stimulation side effects. UPDRS OFF meds was 43+/- 3, UPDRS ON 25+/- 3. Post DBS UPDRS score 
improved 58% (UPDRS DBS ON=16.5). All cases had refractory rest tremor that was not controlled in spite of 
multiple programing attempts. Post repositioning, all patients had improvement in tremor control. The distances of 
the pre-revision and post-revision leads to the centroid of the motor STN were significantly closer with mean 
decease in distance of 1.64.mm [Figure 1]. In all cases, electrodes were repositioned on average superior, medial, 
and posterior in STN compared to initial electrodes [Figure 2]. 
Conclusions: Our case series supports that stimulation of the posterior/superior STN area is effective for tremor 
control. 
References: 1. Akram et al. Subthalamic deep brain stimulation sweet spots and hyperdirect cortical connectivity in 
Parkinson's disease, Neuroimage. 2017 Sep;158:332-345 2. Andreas Horn, Andrea Kühn. Lead-DBS: A toolbox for 
deep brain stimulation electrode localizations and visualizations. NeuroImage, 2014. 3. Ewert, S., Plettig, P., Li, N., 
Chakravarty, M. M., Collins, D. L., Herrington, T.  M., et al. Toward defining deep brain stimulation targets in 
MNI  space: A subcortical atlas based on multimodal MRI, histology and structural connectivity. NeuroImage 2017. 
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1098 
Harmonics: A reliable marker in tremor analysis for the differential diagnosis of Parkinson’s disease and 
multiple system atrophy 
D. Su, S. Yang, J. Zhou, H. Pan, T. Feng (Beijing, China) 
Objective: We aim to develop a reliable and convenient marker derived from the tremor characteristics to identify 
the two conditions. 
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Background: The early-stage identification between Parkinson’s disease (PD) and multiple system atrophy (MSA) 
is challenging due to the presentation of similar motor symptoms. Till now, a reliable marker with high sensitivity as 
well as specificity for differentiating PD from atypical Parkinsonian Syndromes is still lack. Tremor analysis with 
frequency, tremor types and hormanics have markedly contributed to the understanding of diseases with tremor. 
However, the diagnostic power of harmonics in Parkinsonian disorders is still lack of study. 
Methods: Ninety-one participants with PD, 65 patients with MSA-P and 28 patients with MSA-C were included. 
Each of them completed a 30-second test in each of the following conditions: resting, posture state and holding 
1000g weight. At the same time, the tremor of upper limbs was then measured using electromyography (EMG) 
surface electrodes and accelerators. After that, the dominant frequency, tremor occurrence rate in different states and 
harmonic occurrence rate (HOR) of the tremor were then calculated. 
Results: We observed that the dominant frequency of posture tremor in upper limbs of both MSA-P and MSA-C 
patients was significantly higher than that in PD group (p＜0.05). Besides, the resting tremor occurrence rate (75.6% 
vs 20.4%, χ2=39.181, p＜0.001) and the HOR (75.0% vs 7.9%, χ2=46.619, p＜0.001) in MSA-P were significantly 
lower than that in PD group. For early-stage patients with disease duration ≤3 years, the difference of harmonic 
occurrence rate between PD group and MSA-P group remained (87.5% vs 4.3%, χ2=27.565, p＜0.001). The 
harmonic discriminated early PD from MSA-P with sensitivity of 87.5%, specificity of 95.7%, PPV of 93.3% and 
NPV of 91.7%. 
Conclusions: Our results proved that the harmonic is a reliable measure to separate PD from MSA for the first time. 
In addition, other parameters such as dominant tremor frequency and tremor types could also provide meaningful 
information for diagnosis. Generally, the cheap, convenient and non-invasive tremor analysis would promote the 
diagnostic accuracy of PD and MSA. 
References: 1 Charles H. Adler TGB, Joseph G. Hentz, Holly A. Shill, John N. Caviness, Erika Driver-Dunckley, 
Marwan N. Sabbagh, Lucia I. Sue, Sandra A. Jacobson, Christine M. Belden, Brittany N. Dugger: Low clinical 
diagnostic accuracy of early vs advanced Parkinson disease. Neurology 2014. 2 Wang S, Aziz TZ, Stein JF, Bain 
PG, Liu X: Physiological and harmonic components in neural and muscular coherence in Parkinsonian tremor. Clin 
Neurophysiol 2006, 117(7):1487-1498. 
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Quantifying eye and gait abnormalities in Parkinson’s patients after Deep brain stimulation 
Z. Su, M. Brzezick, J. FitzGerald, C. Antoniades (Oxford, United Kingdom) 
Objective: To examine the usefulness of precise measurements of gait and eye movements as a means of 
quantifying PD. The aim is to identify and characterize variables that change significantly over periods of months 
rather than years, are not noisy, and are relatively unaffected by the presence of symptomatic medication. The 
changes observed from Deep Brain Stimulation (DBS) switched on and off will provide a more direct way to 
examine the roles specific brain loci play in the oculomotor and gait pathway. 
Background: Oculomotor function and gait have been emerging as a promising tool for more sensitive assessment 
of a range of neurological disorders. Despite much research into potential biomarkers, current diagnosis and disease 
staging remain reliant on the clinical assessment of motor symptoms using rating scales. This causes a number of 
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problems: assessments are subject to inter-observer variability; rating scales are nonlinear; and the scales only enter 
their working range once more than half of the dopamine producing cells in the brain have died. Also, clinical 
assessments make clinical trials both time consuming and extremely expensive. 
Methods: Participants for this study were part of the OxQUIP (Oxford Quantification in Parkinsonism) study 
cohort.  We studied patients after undergoing DBS along with age-matched controls (mostly the spouses of the PD 
patients). Saccadic and gait measurements were carried out using technology such as the APDM wearable lab, opal 
sensors together with conventional clinical assessments under the same conditions. 
Results: The UPDRS motor score significantly improved after deep brain stimulation.  A range of variables in both 
the saccadic and gait measurements were altered although, surprisingly, some were spared. Here we present data 
from the OxQUIP study. 
Conclusions: Significant changes in progression can be detected by accurately measuring saccadic and gait 
abnormalities in this patient group. More sensitive biomarkers, such as the ones used for this study, seem to be less 
affected by noise and will allow quicker detection of treatment responses. The development of such biomarkers is 
essential as we are moving towards more clinical trials and personalised medicine. 

1100 
Gait impairment in Parkinson’s Disease: An [123I]FP-CIT SPECT study 
V. Suarez Contreras, Y. Tayyabah, S. Caminiti, M. Politis (London, United Kingdom) 
Objective: To evaluate the association between gait impairment and striatal dopamine terminals and assess the 
hypothesis that gait impairment correlates with disease progression in de novo PD patients. 
Background: Gait impairment is a common symptom in Parkinson’s disease (PD) patients, however, the 
mechanisms underlying its development remain unclear. This study used [123I]FP-CIT SPECT to evaluate the 
association between gait impairment and disease pathology (striatal dopamine uptake) and clinical progression 
(motor and cognitive symptoms). 
Methods: We included 390 de novo PD patients from the Parkinson´s Progression Markers Initiative (PPMI) 
database. Using the motor examination reported in the MDS-UPDRS at baseline, the patients were classified as 
presence (slight, mild, moderate, severe) or absence (normal) of gait impairment. Patients underwent an [123I]FP-
CIT SPECT and MRI scan at baseline and clinical assessments at baseline and follow-up visits at 60 months. We 
investigated association between gait impairment with clinical and neuroimaging data and its correlation with 
disease progression. 
Results: Gait impairment was prevalent in 54.4% of PD patients. PD patient with gait impairment had worse motor 
and cognitive scores at baseline and lower dopamine transporter binding ratio in putamen (p<0.05), nucleus 
accumbens (p<0.05) and ventral striatum (P<0.05). Cox regression analysis revealed that the severity of gait 
impairment was associated with motor progression, slight gait impairment (HR=0.113; P=0.003; 95%CI=0.027-
0.478), mild gait impairment (HR=0.141; P=0.007; 95%CI=0.034-0.589). 
Conclusions: PD patients with gait impairment at baseline had significantly lower striatal dopamine transporter 
binding ratio compared to patients with normal gait. Furthermore, the severity of gait impairment was associated 
with worse progression of motor symptoms. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1101 
Drooling in Parkinson’s Disease: A [123I]FP-CIT SPECT study 
V. Suarez Contreras, Y. Tayyabah, S. Caminiti, M. Politis (London, United Kingdom) 
Objective: Evaluate the association between drooling and striatal dopamine terminals. Test the assumption that 
drooling correlates with disease progression in de novo Parkinson’s disease (PD) patients. 
Background: Drooling is a common symptom in PD population, with a pathophysiology unclear. This study used 
[123I]-Ioflupane-SPECT to evaluate the association between drooling and striatal dopamine uptake and to test the 
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correlation between drooling in PD patients and disease progression (faster motor progression and cognitive 
decline). 
Methods: We included 389 de novo PD patients from the Parkinson’s Progression Markers Initiative (PPMI) 
database. Using the MDS-UPDRS, PD patients were classified according to the presence (n=82) of any degree of 
drooling or absence (n=307) of drooling at baseline. PD patients had DaTSCAN and structural MRI at baseline, and 
clinical assessments (motor, cognition and non-motor) at baseline and follow-up visits for 60 months. We 
investigated the association between drooling with the clinical and neuroimaging data. 
Results: At baseline 21.1% of the PD patients reported some degree of drooling. Drooling in PD patients was 
associated with higher motor scores (P<0.001) and lower dopamine transporter binding in the putamen (P<0.01). 
There was a positive correlation with bradykinesia and rigidity (P<0.01) and a negative correlation with the specific 
binding ratio (SBR) of putamen (P<0.01). At the Cox survival analysis, the presence of drooling was associated with 
cognitive decline (HR=1.823; P=0.007; 95% CI=1.176-2.827). 
Conclusions: PD patients with drooling had lower dopamine transporter binding in putamen at baseline and could 
be associated with worse cognitive decline than PD patients without drooling. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1102 
Structural connectivity changes in prodromal Parkinson’s disease patients: a multimodal MRI study 
V. Suarez Contreras, G. Pagano, J. Fernandez Bonfante, H. Wilson, M. Politis (London, United Kingdom) 
Objective: We hypothesised that changes in the brain structure and connectivity would be present at this stage. 
Background: There is wide consensus that prolonged prodromal phase precedes the onset of motor symptoms in 
Parkinson’s disease (PD). 
Methods: We included T1- and DTI-MRI data of 21 prodromal subjects, with anosmia or idiopathic Rapid Eye 
Movement Sleep Behaviour Disorder (RBD), to assess structural changes in grey (GM) and white matter (WM) in 
comparison with 60 age- and gender- matched healthy controls. Voxel-based morphometry (VBM) was used to 
quantify GM changes and tract-based spatial statistics to quantify WM fractional anisotropy (FA) and mean 
diffusivity (MD). 
Results: Prodromal PD subjects had greater RBD symptoms and olfactory dysfunction, and greater global non-
motor burden (MDS-UPDRS I) and autonomic dysfunction (SCOPA-AUT) compared to healthy controls (P<0.05). 
Prodromal subjects showed structural and microstructural changes in the hypothalamus, with decreased VBM-GM 
(P<0.05) and WM-FA (P<0.001), and increased WM-MD values (P<0.001). Lower VBM-GM in the hypothalamus 
correlated with greater non-motor burden (r=-0.664, P=0.004) and autonomic dysfunction (r=-0.740, P=0.001). 
Prodromal PD patients also showed increased WM-MD in the substantia nigra (P<0.001), globus pallidus (P<0.05) 
and ventral striatum (P<0.05) and increased WM-FA in the substantia nigra (P<0.001), thalamus (P<0.001), and 
putamen (P<0.001) compared to healthy controls. 
Conclusions: Prodromal PD patients possess a unique set of structural and microstructural volumetric alterations 
that distinguish them from healthy subjects. Our findings demonstrate that MRI changes are present in the premotor 
stages of PD. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1103 
Medical and Device-Guided Therapies and Deep Brain Stimulation in Parkinson’s disease: Experience of a 
Tertiary Centre from Turkey 
Y. Sucullu Karadag, D. Divanlıoglu, E. Kocabicak, N. Subutay Oztekin, D. Belen (Ankara, Turkey) 
Objective: This study is aimed to investigate the clinical and therapeutic data of PD patients who have been 
evaluated at a dedicated-weekly Movement Disorders Clinic. Details of advanced therapies are summarized. 
Background: In recent years advanced therapies have been used frequently in PD patients who do not respond well 
to medical treatments. 
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Methods: Totally, 234 of 277 (84.4%) patients seen in a year, were PD patients in our movement disorders clinic. 
Duration of the disease, clinical characteristics, UPDRS scores and medications were recorded. Duration of > 5 
years and unresponsiveness of the PD drugs were accepted as indication of advanced PD treatments. Clinical 
features of PD patients who were applied advanced therapies and their response were evaluated. 
Results: 144 (61.5%) of the PD patients were male. Mean age of the patients was 67.9 (11.5) and their first 
symptom was tremor. Median disease duration was 5 years. The most frequently used drugs were Levodopa 
benserazid (52.1%), rasagiline (48.5 %) , levodopa-carbidopa-entacapone (36.7%) and pramipexole (27.8%). 
Number of PD patients requiring advanced therapies was 28 (12%). Among them, 18 device guided therapies were 
applied to 16 patients. Distribution of these patients were as apomorphine: 6 patients, levodopa carbidopa intestinal 
gel(LCIG): 7 patients, Deep Brain Stimulation (DBS): 5 patients. 
Apomorphine treatment was applied to 6 patients (3 intermittent injection, 3 pump). Apomorphine pump was failed 
in one patient. Apomorphine was switched to LCIG due to inadequate response (n=1) and due to injection reaction 
(n=1). LCIG was applied to 7 patients. There was no problem with the percutaneous endoscopic jejunostomy. All 
patients are still on LCIG treatment. Bilaterally subtalamic nucleus (STN) DBS were applied to totally 5 patients. 
There was no problem in the periodic follow up of these patients. 
Conclusions: Totally over 10% of the PD patients had been followed in our clinic required advanced PD treatments. 
Advanced treatments resulted in major improvements with very few adverse events in 16 of our advanced group. 

1104 
The congruence of asymmetry between motor symptoms and retinal thickness in Parkinson’s disease 
W. Suh, J.Y. Hong, S.Y. Kang (Hwaseong, Republic of Korea) 
Objective: To analyze the relationship between interocular difference of retinal thickness and motor asymmetry in 
Parkinson’s disease (PD). 
Background: It is known that the early stages of PD are characterized by asymmetry of motor symptoms.  In 
addition to motor symptoms, diminished visual acuity, color vision and contrast sensitivity are some of the visual 
disturbances found in PD. There was rarely reported about the congruence of asymmetry between motor symptoms 
and retinal thickness. 
Methods: Prospective case-control series. Sixty-two (62) eyes of 31 patients with PD and 62 eyes of 31 age- and 
gender-matched controls were analyzed. Ophthalmologic examinations including optical coherence tomography 
(OCT) scans were performed in both groups, and in the patients with PD, motor function was evaluated on the 
Unified Parkinson' s Disease Rating Scale part III (UPDRS-III) to determine the laterality.Peripapillary retinal nerve 
fiber layer thickness (pRNFLT) and macular retinal thickness (mRT) were measured in both eyes, after which the 
interocular asymmetry (defined as [Right eye – Left eye]) of the OCT parameter was determined. Additionally, the 
left and right sides of the UPDRS-III were evaluated respectively, based on which the Symmetric index “| right-left 
UPDRS score | / (right + left UPDRS score)” was calculated. 
Results: The average and quadrant pRNFLT and mRT between the two groups were not different, but the 
interocular asymmetry of average mRT and nasal mRT were significantly higher in the PD patients than in the 
controls (P=0.015 and 0.034). The sum of UPDRS-III showed a discrepancy between the right and left sides (P = 
0.027); the calculated Symmetric index was 0.21 ± 0.18, which suggested asymmetric motor symptoms. The 
calculated Symmetric index of UPDRS-III showed significant relations for asymmetry [OD – OS] of average mRT 
and nasal mRT (P=0.018 and 0.007). 
Conclusions: In the PD patients, the interocular asymmetry of mRT was larger than in the controls, and the motor 
symptoms were asymmetric. Additionally, the interocular asymmetry of mRT showed a significant correlation with 
motor-symptom laterality. 
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1105 
The effects of zonisamide on motor and non-motor symptoms in patients with Parkinson’s disease: a 3-month 
open-label study 
K. Suzuki, H. Fujita, T. Matsubara, T. Kadowaki, K. Funakoshi, Y. Watanabe, T. Shiina, H. Sakuramoto, M. 
Hamaguchi, K. Hirata (Tochigi, Japan) 
Objective: To investigate the effect of zonisamide (ZNS) on motor and non-motor symptoms, such as depressive 
symptoms and sleep problems, in patients with Parkinson’s disease (PD). 
Background: ZNS has been approved for use to treat motor symptoms and motor complication of PD. A few 
studies have addressed effects of ZNS on non-motor symptoms. 
Methods: In a 3-month, open-label study, we evaluated the effects of ZNS on motor and non-motor symptoms in 
levodopa-treated 18 PD patients with motor fluctuation. Participants received 25-50 mg/day of ZNS and were 
assessed for the Japanese version of the Movement Disorder Society Revision of the Unified PD Rating Scale 
(MDS-UPDRS) parts I, III, and IV, PD sleep scale (PDSS)-2, Beck Depression Inventory (BDI)- II and PD 
Questionnaire (PDQ-8) at baseline, 1 month, 2 months and 3 months. 
Results: Seventeen patients completed the study. At 3 months, scores of MDS-UPDRS parts I, III and IV 
significantly improved and off-time reduced compared to baseline. PDSS-2 total score also significantly decreased 
at 3 months. We found that the tremor group had significant improvement in PDSS-2 and BDI-II scores compared 
with the non-tremor group. 
Conclusions: Our study results showed the beneficial effects of ZNS in levodopa-treated PD patients with motor 
fluctuation. ZNS may be more effective in PD patients with tremor compared with those without tremor. 

1106 
The Effects of Computer Based Cognitive Rehabilitation on working memory in patients with Parkinson’s 
disease: A Systematic Review 
K. svaerke, A. Loekkegaard, M. Niemeijer (Copenhagen, Denmark) 
Objective: To evaluate the effects of computer based cognitive rehabilitation (CBCR) on working memory (WM) in 
patients with Parkinson’s disease (PD). 
Background: Deterioration of WM is one of the most common cognitive deficits experienced by patients with PD, 
and severely influences the ability to lead an independent life. Therefore, interventions which can slow progression 
of WM deficits could positively impact the independence and quality of life of patients. 
Methods: Four electronic databases were systematically searched: Pubmed, Embase, Psycinfo and Cochrane 
Library. Authors of relevant studies were contacted to detect unpublished data or articles not found by searching 
databases. 
Selection criteria: Broad selection criteria were applied because literature was expected to be limited. Studies were 
eligible for inclusion if they investigated the effects of CBCR on WM in a sample consisting of at least 50% patients 
with PD, or in which the results of patients with PD could be isolated. Studies were further eligible for inclusion in 
the meta-analysis if the effects of the CBCR intervention could be isolated, the CBCR intervention was compared to 
active or passive control groups consisting solely of patients with PD, and the WM outcome measure could be 
isolated. 
Results: The current literature is very sparse, and only six studies could be included in this review despite broad 
inclusion criteria. Study results were heterogeneous, and the risk of bias in study methodology was either unclear or 
high. Two studies were eligible for inclusion in a meta-analysis. However, a meta-analysis could not be performed 
as the two studies used different measures of WM which were not rated as equally trustworthy with regard to 
validity and reliability. An additional analysis was performed in order to estimate the difference between the control 
interventions (whether passive or active) and the CBCR interventions. From this analysis it was evident that existing 
literature provides insufficient evidence to conclude if CBCR benefits WM in Parkinson patients. However, this 
additional analysis should be interpreted with caution as it does not take the heterogeneity of outcome measures or 
the differences in sample sizes between studies into account. 
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Conclusions: Existing literature is very sparse and provides insufficient evidence to conclude if CBCR benefits WM 
in Parkinson patients. 

1107 
A study of factors causing psychiatric abnomalities in patients with Parkinson's disease 
T. Syed, R. Borgohain (Hyderabad, India) 
Objective: To study the effect of disease duration , age of the patient, MOCA on neuropsychiatric manifestations in 
Fifty PD patients. 
Background:  
Neuro psychiatric symptoms including depression, anxiety, apathy and psychosis are common in Parkinson disease 
affecting majority of patients at some time in disease course. These have important consequences for quality of life 
and daily functioning. 
Methods: Fifty consecutive Parkinson patients diagnosed based on clinical manifestations as per UK Brain bank 
criteria were included. SAPS score (Scale for Assessment of Positive symptoms) was done in all patients.SAPS is 
split into 4 domains and within each domain separate symptoms are rated from 0 (absent) to 5(severe). SAPS 
includes Hallucinations, Delusions, Bizarre Behaviour, Positive Formal Thought Disorder. MOCA for cognitive 
assessment and other parameters like disease duration, age, pre and post-operative (DBS) status were noted. We did 
a correlation coefficient for SAP score and MOCA, disease duration, age of the patient. 
Results: We found no correlation between SAPS & Disease duration, age of the patient, MOCA. P value between 
SAPS & disease duration is 0.59, P value between SAPS & age of the patient is 0.33, P value between SAPS & 
MOCA is 0.27 which are not significant. 
Conclusions: Psychiatric abnormalities are common in PD. We found no correlation between age, disease duration, 
cognition with SAP Score. 

1108 
Pain in patients with multiple system atrophy: a pain-related evoked potential study 
M. Takeda, F. Okada, H. Tachibana, S. Kasama, H. Yoshikawa (Nishinomiya, Japan) 
Objective: The purpose of this study was to investigate the pathophysiology of pain in patients with multiple system 
atrophy (MSA). 
Background: MSA is an atypical parkinsonian syndrome, characterized by a poor or absent response to levodopa 
associated with autonomic dysfunction, cerebellar and corticospinal tract involvement. MSA is divided into two 
groups; MSA-P (parkinsonism dominant) and MSA-C (cerebellar dominant). Although recent studies suggest that 
pain is a frequently nonmotor symptom in MSA, pain characteristics have rarely been studied. In this study, we 
recorded pain-related evoked potentials induced by intra-epidermal electrical stimulation in patients with MSA-P 
and MSA-C and investigated possible differences between the two groups. 
Methods: Pain-related evoked potentials were recorded in 8 patients with MSA-P (mean age, 63.3 years), 8 patients 
with MSA-C (62.7 years) and 12 healthy controls (59.6 years). Evoked potentials were recorded from the Cz in 
response to intra-epidermal electrical stimulation at the index finger and second toe. Latency of the N1 and P1 peaks 
was determined from the recordings at Cz. N1-P1 amplitude was measured between the N1 and P1 peaks. 
Results: Major negative (N1) and positive (P1) deflections were observed after each stimulation in all subjects. The 
amplitudes between N1 and P1 (N1-P1 amplitudes), which are thought to originate from the anterior cingulate 
cortex and insula, were significantly lower in both patients with MSA-P and MSA-C than in the controls (P<0.05 for 
both groups). In addition, the N1-P1 amplitudes were significantly lower in patients with MSA-P than in MSA-C 
(P<0.05). No significant differences in N1 and P1 latencies were observed among the three groups. 
Conclusions: These results suggest the existence of abnormal central processing of pain in patients with MSA. 
Involvement of pain processing is more severe in patients with MSA-P than in MSA-C. 

This article is protected by copyright. All rights reserved.



1109 
Neuroprotective effect of crocus sativus in lead-induced dopaminergic neurotoxicity in Meriones shawi: A 
possible link with Parkinson’s disease 
L. TAMEGART, A. ABBAOUI, R. MAKBAL, M. ZROUDI, M. BOUYATAS, B. BOUIZGARNE, H. GAMRANI 
(Marrakesh, Morocco) 
Objective: In this study, we have evaluated, in one hand, the neurotoxic effect of Pb (25 mg / kg B.W i.p) for three 
consecutive days on dopaminergic system and locomotor performance in Merione shawi. In the other hand, the 
possible restorative potential of C. sativus (CS) (50 mg / kg BW) by oral gavage. 
Background: The Pb can cause structural and functional disruption of the nervous system. Studies have shown that 
exposure to Pb has been considered a risk factor in the development of Parkinson's disease (PD). Therefore, we 
aimed to evaluate the neurotoxic effect of Pb and the possible restorative potential of the aqueous extract of C. 
sativus (CSAE) on dopaminergic, noradrenergic systems and locomotor performance in Merione shawi. 
Methods: Animals were divided into 4 groups. Group I: control meriones (C) injected i.p. with physiological saline 
buffer (0.9% NaCl), Group II: meriones (Pb) injected i.p. with Pb (25 mg/kg B.W), Group III: meriones (CS+Pb) 
received aqueous extract of C. sativus (CSAE) (50 mg/kg B.W) by oral gavage, These meriones were injected i.p. 
with Pb (25 mg/kg B.W) 2h after the last dose of C. sativus and Group IV: meriones (CS) that received only CSAE 
(50 mg/kg B.W) by oral gavage and injected i.p. with physiological saline buffer (0.9% NaCl) for three consecutive 
days. 
Results: The immunohistochemical approach has revealed that intoxicated Meriones showed an increase in the 
tyrosine hydroxylase (TH) levels in the substantia nigra compacta (SNc) locus coeruleus (LC), dorsal striatum (DS), 
medial forebrain bundle (MFB), unlike the other groups. After treatment with CSAE, our results showed that this 
extract has a real potential to prevent all Pb-induced damages. 
Conclusions: We have demonstrated a new pharmacological property of Crocus sativus that can be used against 
lead neurotoxicity and as a neuroprotective product for PD. 

1110 
Does Anticholinergic Burden Affect the Outcomes in Patients Diagnosed with Parkinson’s Disease? 
S. Taylor, E. Jones (york, United Kingdom) 
Objective: To explore the impact of an anticholinergic burden on various outcomes in Parkinson’s disease. 
Background: Over 600 different medications possess some anticholinergic effect.[1] There is a greater 
susceptibility to both peripheral and central adverse effects of anticholinergics in the elderly population.[2] Most 
people with Parkinson’s are aged >60,[3] whose risks are further increased by the presence of cholinergic 
dysfunction.[4] 
Methods: Study population of 72 deceased patients previously diagnosed with Parkinson’s disease. 4 patients were 
excluded due to insufficient data. For the remaining 68, an anticholinergic burden score (ACB) was calculated at 
diagnosis and death. ACB was determined using the anticholinergic cognitive burden scale.[5] Several primary 
outcomes were then looked at for each patient [table1]. Survival (years) was a secondary outcome (measured in 
whole years). Patients were split into 3 groups based on baseline ACB: 0, 1 & ≥2 (maximum score of 7). The rate of 
primary outcomes and average survival was then determined for each group. This was repeated with a further 3 
groups, based on whether a patient’s baseline ACB had decreased, remained the same or increased. 
Results: No association was found between a higher ACB at baseline and the occurrence of any primary outcome. A 
trend was found between an increase in baseline ACB and several outcomes [table1]. Survival was lowest for those 
with an ACB of ≥2 at baseline (1.6 years). However, those with an increase in ACB over baseline had greater 
average survival (2.5 years). For groups at baseline and change in ACB, a chi-sqaured statistic was calculated for all 
outcomes except average survival, where a log rank test was performed. All p-values calculated were >0.05. 
Therefore, no associations found are statistically significant. 
Conclusions: Overall survival length was low (average of 2 years), this may be because we looked at those who 
were diagnosed in 2013 or later, as these were the only ones we had full data available for. To increase sample size, 
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outcomes could be explored in those who are still alive and the temporal relationship between ACB and outcomes 
could also be explored. Despite the limitations of the study, an increased susceptibility to falls, fractures and 
neuropsychiatric complications was seen with a rising ACB. 
References: [1]Simonson, W. (2016) Anticholinergic properties of medications. Geriatric Nursing, 37(4):302-303 
[2]Salahudeen, MS., Nishtala, PS. (2016) Examination and Estimation of Anticholinergic Burden: Current Trends 
and Implications for Future Research. Drugs & Aging, 33(5):305-313 [3]The Science of Parkinson’s. Does the age 
of onset make a difference? Available at: https://scienceofparkinsons.com/tag/age-of-onset/. Accessed: 7/02/2019. 
[4]Crispo, JAG., Willis, AW., Thibault, DP., Fortin, Y., Hays, HD., et al. (2016) Associations between 
Anticholinergic Burden and Adverse Health Outcomes in Parkinson Disease. PLOS One. [5]Ageing brain care. 
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1112 
The effect of active contact localization on motor symptoms in deep brain stimulation of the subthalamic 
nucleus for Parkinson’s disease 
T. ten Brinke, V. Odekerken, P. Schuurman, R. de Bie (Amsterdam, Netherlands) 
Objective: To evaluate whether implantation precision is related to the outcome of STN DBS. 
Background: Accurate implantation of electrodes is important for the outcome of deep brain stimulation (DBS) 
treatment of Parkinson’s disease (PD). There is a need for data on the value of implantation precision. 
Methods: Hemibody data from STN DBS patients were divided into responders and non-responders based on the 
post-operative improvement on the UPDRS-III hemibody score. A Euclidean distance from the individual active 
contact points to the mean of all active contacts points was compared between responders and non-responders. 
Results: Full data was available for 83 electrodes. The mean coordinates of the responders did not differ from the 
mean coordinates of the non-responders. The distance from the active contact to the mean of all active contacts was 
2.2±1.1 mm (mean±SD) in the responder group and 3.2±1.4 mm in the non-responder group (p = 0.001). 
Conclusions: No unidirectional targeting error was found to be related to clinical response. Increased random error 
(less precision) was associated with less clinical response. 

1113 
Identification of potential new genes involved in autosomal recessive forms of Parkinson’s disease 
C. Tesson, A. Honoré, V. Drouet, H. Bertrand, S. Lesage, A. Brice (Paris, France) 
Objective: The aim of the work is to identify new genes involved in autosomal recessive (AR) early-onset (EO, >40 
years) Parkinson disease (PD), using consanguineous PD families and applying genotyping on DNA microarrays 
and NGS technologies. 
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Background: Parkinson disease (PD) affects 1% of the population above 65 years. It is characterized by the triad of 
symptoms: tremor, rigidity, and bradykinesia. To date, more than 10 validated genes have been identified, associated 
with either autosomal dominant (AD) or recessive (AR) forms of PD. However, the identified genes associated with 
EO AR PD only explain 45%, other genes remain to be discovered. 
Methods: We selected 99 families that fulfilled the following criteria: 
•        Age at onset ≤50 years 
•        Confirmed consanguinity 
•        Excluded for mutations in known AR PD associated-genes 
We performed exome sequencing and looked for rare homozygous variants, predicted to be pathogenic and rare in 
the public databases (MAF<1%). 
Results: Using a series of 99 families with confirmed consanguinity, we looked for homozygous loss of function or 
missense mutations predicted deleterious in region of loss of homozygosity. Then we first focused on variant shared 
by at least two families. We identified mutations in PSMF1 an interactor of FBXO7. In one families, it remains only 
this variant moreover both mutations code for amino acid highly conserved upon evolution. 
Most of the candidate’s genes are private genes highlighting genetic heterogeneity of PD. Therefore, in a second 
time we hypothesized that some candidate’s genes can be involved in a common pathway. Using ClusterProfiler we 
performed GO term enrichment analyses, then we were able to grouped together some genes and were able to see an 
statistical enrichment in autophagy pathway. 
Conclusions: We identified a strong candidate gene for AR-PD: PSMF1. Further functional data are needed to 
strengthen the role of this gene in PD, possibly affecting the proteasome activity and α-synucleine aggregation. We 
will also continue to investigate pathway analyses in order to identify candidates for PD in our families. 

1114 
Impact of quantitative assessment of parkinsonian symptoms using wearable technology on treatment 
decisions 
C. Thomas, B. Mohamed, M. Silverdale, C. Kobylecki, L. Osborne, R. Saha, P. Bain, D. Heisters, C. Carroll 
(Cardiff, United Kingdom) 
Objective: We evaluated the impact on routine treatment decisions of using the Parkinson’s KinetiGraph(PKG) to 
provide objective patient information 
Background: Continuous objective measurements using wearable technology may help better understand an 
individual’s daily experience of fluctuating Parkinson’s disease. 
Methods: A computer-based service evaluation template was used by seven British centres using the PKG in their 
clinical practice. Clinicians could use the PKG whenever they felt it could bring clinical value. The impact of using 
the PKG was assessed by comparing the clinician’s prediction of the likely next step prior to PKG testing with the 
clinical decision after reviewing the PKG results. 
Results: A total of 256 completed evaluations were collected of which 209 provided information about the impact 
of the PKG test on clinical decision making. The most frequently given reasons for performing a PKG were 
‘Increased symptoms’and ‘wearing-off.’Information from the PKG confirmed initial clinical judgement in 54.5% of 
cases and provided additional information to inform the clinical decision in 45.5% cases. Changes in decision 
making included ten patients where the PKG results prompted a treatment change when clinicians initially predicted 
no changes were necessary, and 15 patients who went on to receive advanced therapies where oral medication 
titration had initially been considered. Conversely, information from the PKG test prompted clinicians to try other 
options in 18 patients originally considering advanced therapies. Patient feedback on the technology was favourable, 
with 98% of patients reporting a positive/neutral user experience. 
Conclusions: Our results suggest that access to objective, detailed information obtained by PKG can change the 
next clinical decision. The PKG device was acceptable to patients. 
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1115 
Using Quantitative Susceptibility Mapping to Predict Dementia in Parkinson’s Disease 
G. Thomas, L. Leyland, J. Acosta-Cabronero, R. Weil (London, United Kingdom) 
Objective: To investigate how brain iron deposition relates to visual function and dementia risk in Parkinson’s 
Disease (PD). 
Background: Oxidative stress due to brain iron accumulation has been implicated as a pathomechanism in PD[1]. 
Recent work has highlighted a novel MRI contrast that maps brain iron deposition – quantitative susceptibility 
mapping (QSM) – as an in vivo biomarker for PD[2]. Visuo-perceptual deficits have been linked to cognitive 
capabilities in PD[3] and may constitute a way to identify patients at higher risk of dementia. We will relate visuo-
perceptual abilities and QSM data to scores of dementia risk in PD. Based on this, we expect patients at higher risk 
of dementia to have poorer visual scores and increased iron deposition in occipital and posterior parietal cortex. 
Methods: 100 PD patients and 37 age-matched controls underwent detailed neuropsychology, visuo-perceptual 
measures (e.g., cats and dogs task[3]), assessment of PD (MDS-UPDRS) and susceptibility-weighted and structural 
T1 MRI scans. Risk of cognitive involvement was calculated using a clinical algorithm (combining age at onset, 
MMSE, education, motor score, gender, depression)[4]. QSM images were reconstructed from complex multi-
channel susceptibility-weighted data using a multi-scale dipole inversion algorithm[5], followed by coregistration 
and standardization with T1 images and whole brain and regional statistical QSM analysis[6]. We will determine 
whether brain iron deposition differs between PD patients at high and low risk of dementia and controls. 
Results: Age did not differ between PD patients (64.5±7.7 years) and controls (66.1±9.4 years). Patients were 
assigned as either low risk or high risk based on a median split of the risk score[2]. There was no difference in 
disease duration, gender, motor, sleep or olfaction scores or levodopa dose between high and low risk patients. Brain 
iron deposition in patients at high and low risk of dementia, and with high and low visuo-perceptual scores will be 
presented in whole brain and regional analyses of posterior parietal regions, occipital regions and precuneus. 
Conclusions: QSM in PD may be able to effectively map functional changes in brain regions involved in visual 
processing before atrophy takes place. In combination with visual testing this could be used to predict which patients 
are likely to develop dementia, facilitating directed treatment plans. 
References: 1. Li, W., Jiang, H., Song, N. & Xie, J. Oxidative stress partially contributes to iron-induced alpha-
synuclein aggregation in SK-N-SH cells. Neurotox. Res. 19, 435–442 (2011). 2. Acosta-Cabronero, J. et al. The 
whole-brain pattern of magnetic susceptibility perturbations in Parkinson’s disease. Brain 140, 118–131 (2017). 3. 
Weil, R. S. et al. Assessing cognitive dysfunction in Parkinson’s disease: An online tool to detect visuo-perceptual 
deficits. Mov. Disord. 33, 544–553 (2018). 4. Liu, G. et al. Prediction of cognition in Parkinson’s disease with a 
clinical–genetic score: a longitudinal analysis of nine cohorts. Lancet Neurol. 16, 620–629 (2017). 5. Acosta-
Cabronero, J. et al. A robust multi-scale approach to quantitative susceptibility mapping. Neuroimage 183, 7–24 
(2018). 6. Acosta-Cabronero, J., Betts, M. J., Cardenas-Blanco, A., Yang, S. & Nestor, P. J. In Vivo MRI Mapping 
of Brain Iron Deposition across the Adult Lifespan. J. Neurosci. 36, 364–374 (2016). 

1116 
A characterization of the ADL-level in daily life with Parkinson`s Disease based on objective measurements 
and subjective experiences. 
T. Thomsen, T. Kjær, L. Jørgensen, A. Haahr, K. Winge (Roskilde, Denmark) 
Objective: 1. Test whether slow response to the medication and EMO-periods (Early Morning Off), affects the 
patient`s experience of being able to perform ADL-functions. 
2. Extract new features from The Parkinson KinetiGraph-measures that predict scores in the MDS-UPDRS Part II. 
These include EMO (number of periods and duration), motor fluctuations and response to medication dosages. 
Background: Parkinson's Disease (PD) is a progressive neurodegenerative disease, where curative treatment is not 
available. Patients with PD exhibit very heterogeneous clinical phenotypes (1). The patients need to be able to 
handle the classical triad of motor symptoms; bradykinesia, tremor and rigidity, but also non-motor symptoms (2). 
The impact of the symptoms on everyday life and the execution of Activity of Daily Living (ADL, e.g. getting 
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dressed, taking a shower, cooking etc.) are often measured by self-reported diaries alone (3). Coping behaviour 
regarding everyday life with the PD-symptoms, including the execution of ADL-functions, is associated with quality 
of life (QOL), depression, bodily discomfort and mortality (4). The complexity and irregular nature of motor 
manifestations needs observations from within the individual’s natural environment to obtain a realistic picture of 
the management of the symptoms (5). Therefore, objective measurements from devices capable of automatically and 
continuously detecting and recording motor symptoms may help provide insight into the PD patient`s everyday life. 
Methods: In this cross-sectional study with a convergent Mixed Methods design, 35 patients with PD are included. 
Both quantitative data (PKG-measurements and MDS-UPDRS Part II assessments) and qualitative data (the 
patient`s own descriptions of the impact of the symptoms on ADL-functions) are collected. 
Results: Preliminary results reveal a relation between EMO, slow-response to medication and the patients’ self-
reported experience of their execution of ADL. Furthermore, we will test a correlation with the MDS-UPDRS Part II 
score and PKG-scores. The study is so far limited to analysis of five patients. We expect to be able to present the full 
results from 35 patients in September 2019. 
Conclusions: Not yet any conclusions, but we expext to present a conclusion and the clinical impact in September 
2019. 
References: 1. Pringsheim,T., Jette,N., Frolkis,A., Steeves,TD. The Prevalence of Parkinson`s Disease: a systematic 
review and metaanalysis. Society of Movement Disorders. 2014, Vol.29 (13), p.1583-90. 2. Jankovic J. Parkinson’s 
Disease: Clinical features and diagnosis. J Neurol Neurosurg Psychiatry (2008) 79; 368-376. 3. Papapetropoulos, 
SS. Patient diaries as a clinical endpoint in Parkinson`s Disease clinical trials. CNS Neuroscience Theraphy,2012, 
May (5), p.380-387. 4. Lawrence,BJ., Gasson,N., Kane,R., Bucks,RS., Loftus,A. Activities of Daily Living, 
Depression, and Quality of Life in Parkinson`s Disease. PLoS One. 2014, Vol.9(7). 5. Robert I. Griffiths, Katya 
Kotschet, Sian Arfona, Zheng Ming Xud, William Johnson, John Dragoa, Andrew Evans, Peter Kempster, San¬jay 
Raghav and Malcolm K. Horne. Automated assessment of Bradykinesia and Dyskinesia in Parkinson’s Disease. 
Journal of Parkin¬son’s disease 2, 47 (2012) 

1117 
PSP-like syndrome after aortic in adults (Mokri syndrome) 
S. Tisel, J. Ahlskog, J. Matsumoto, J. Duffy, K. Josephs (Rochester, MN, USA) 
Objective: Characterize the syndrome resembling progressive supranuclear palsy (PSP) following aortic surgery. 
Background: Mokri, et al. reported a PSP-like syndrome seemingly triggered by aortic surgery (2004).   Limited 
reports have surfaced in the interim. 
Methods: We searched the Mayo Clinic electronic medical record for patients evaluated for neurologic symptoms 
after cardiac-aortic surgery and identified 25 patients with this syndrome.   From this cohort, we describe the clinical 
features, neuroimaging and outcomes. 
Results: Surgeries performed at multiple medical centers across the country were done with thoracic aortic bypass 
and deep hypothermia.  Surgery included aortic aneurysm, aortic valve repair, and/or aortic dissection repair, and 
was uncomplicated in 60% of cases without specific complications in the remaining patients. A typical triad was 
documented:  supranuclear gaze palsy (SNGP; 100%), gait imbalance (80%), and dysarthria (96%). Part or all of the 
triad presented prior to hospital discharge and stabilized over the course of days to weeks. A second phase of 
symptom worsening as well as onset of new symptoms developed up to a year later; this decline continued for up to 
several years before stabilization. Delayed epileptic seizures occurred in 32% of patients.  Brain MRI revealed only 
non-specific (age-related) findings.  FDG-PET in one patient revealed hypometabolism in the cerebellum, caudate 
nucleus and parieto-occipital regions; AV-1451 tau-PET did not show uptake in PSP regions. 
Conclusions: This syndrome following adult thoracic aortic bypass surgery with deep hypothermia remains 
unexplained. It follows a biphasic course and is characterized by the triad of vertical supranuclear gaze palsy, 
unsteady gait, and a predominantly ataxic dysarthria. 
References: Mokri B, Ahlskog JE, Fulgham JR, Matsumoto JY. Syndrome resembling PSP after surgical repair of 
ascending aorta dissection or aneurysm. Neurology. 2004:971-974. 
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1118 
Vocal cords electromyography abnormalities in multiple system atrophy phenotypes: relevance for the 
pathophysiology of stridor 
M. Todisco, E. Alfonsi, I. Isaias, R. Zangaglia, B. Minafra, M. Terzaghi, N. Pozzi, C. Pacchetti (Pavia, Italy) 
Objective: To define correlations between vocal cords electromyography (EMG) abnormalities and stridor in 
multiple system atrophy (MSA) phenotypes. 
Background: MSA is a rare α-synucleinopathy characterized by dysautonomia and prevailing parkinsonian (MSA-
P) or cerebellar (MSA-C) signs. Stridor is a red flag for MSA, it occurs predominantly during sleep and its daytime 
onset is associated with greater severity and especially poor prognosis. Controversy over the pathophysiology of 
stridor in MSA remains ongoing. 
Methods: We recruited 60 patients with “probable” MSA (45 MSA-P and 15 MSA-C; male/female: 26/34; age at 
onset: 61.8 ± 7.6 years; disease duration at diagnosis: 4.8 ± 2.2 years). All subjects performed a video-
polysomnography (VPSG) to detect nocturnal stridor, and EMG of the adductor thyroarytenoid (TA) and the 
abductor posterior cricoarytenoid (PCA) muscles. The EMG findings were subdivided into four patterns: I (normal); 
II (tonic EMG activity of the TA muscle during quiet breathing); III (paradoxical activation of the TA muscle during 
quiet inspiration); IV (neurogenic pattern on motor unit action potentials analysis of the PCA and/or TA muscles, 
and paradoxical activation of the TA muscle during quiet inspiration). Eventual diurnal stridor was clinically 
reported. 
Results: VPSG revealed nocturnal stridor in 19 patients (14 MSA-P and 5 MSA-C). Diurnal stridor was recognized 
in 6 subjects (2 MSA-P and 4 MSA-C). A clear predominance of EMG pattern III was found in MSA-P patients 
with nocturnal stridor (pattern II: 21.43%; pattern III: 71.43%; pattern IV: 7.14%; p < 0.001). For MSA-C patients 
with nocturnal stridor, EMG pattern IV was more frequent (pattern III: 20%; pattern IV: 80%; p < 0.05). All MSA-P 
patients with diurnal stridor showed pattern III (p < 0.05). Among MSA-C patients with diurnal stridor, 25% had 
pattern III, and 75% had pattern IV, with no significant differences (p > 0.05). 
Conclusions: The predominant vocal cords EMG abnormalities of MSA patients with stridor were purely dystonic 
in MSA-P, and neurogenic-dystonic in MSA-C. In this regard, the pathophysiology of stridor may be different 
between the two MSA phenotypes, being mostly associated to an abnormal premotor control of laryngeal 
motoneurons in MSA-P, and to a predominant damage of medulla oblongata in MSA-C. 

1119 
Cough sensitivity and aspiration pneumonia in Parkinson’s disease 
S. Tomita, T. Oeda, S. Takaya, M. Kohsaka, K. Park, A. Umemura, Y. Mori, T. Ishihara, S. Nomoto, M. Tahara, K. 
Yamamoto, H. Sawada (Kyoto, Japan) 
Objective: We hypothesized that decreased cough sensitivity is crucial to the development of aspiration pneumonia 
in Parkinson’s disease (PD). We examined the relationship between cough sensitivity and aspiration pneumonia, and 
brain regions that are associated with a decrease cough sensitivity in PD. 
Background: Although aspiration pneumonia is the most common cause of death in PD, however the pathogenesis 
of aspiration pneumonia is not fully validated. 
Methods: We recruited 127 patients with PD (male, 51%; mean age, 73.2±7.3 years; mean disease duration, 
10.1±5.3 years). We evaluated cough sensitivity using citric acid induced cough test and regional cerebral blood 
flow (rCBF) using I-123 IMP-SPECT. The concentration of citric acid that induced cough was compared between 
patients with and without the history of aspiration pneumonia and healthy controls (n = 11, 116 and 19, 
respectively). Among patients without the history of aspiration pneumonia, the interval from the cough test to the 
development of aspiration pneumonia in 18 months was compared between patients with and without a decrease in 
cough sensitivity using survival time analysis. Furthermore, rCBF were compared between the two groups using 
voxel-wise analysis. 
Results: Cough sensitivity in patients with the history of aspiration pneumonia was significantly decreased (one-
way ANOVA P<0.001). Among patients without the history of aspiration pneumonia, 32 patients (29%) had 
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decreased cough sensitivity. Kaplan-Meier analysis demonstrated that decreased cough sensitivity was a significant 
predictor of shorter latency to aspiration pneumonia (Log-rank P=0.009). There was a significant decrease in rCBF 
in the left angular gyrus in patients with decreased cough sensitivity as compared with patients without it (two 
sample t-test Puncorrected<0.001). 
Conclusions: Decreased cough sensitivity attributes aspiration pneumonia and it might be associated with cortical 
dysfunction in the left angular gyrus in PD. 

1120 
Deep mitochondrial sequencing in Parkinson’s disease reveals possible genetic modifiers of reduced 
penetrance in Parkin/PINK1 mutation carriers 
J. Trinh, A. Hicks, K. Wasner, M. Farrer, F. Hentati, P. Bauer, S. Imhoff, K. Kandaswamy, N. Ouzren, M. Werber, 
A. Rolfs, V. Kostic, A. Lang, P. Pramstaller, P. Seibler, K. Lohmann, A. Gruenewald, C. Klein (Luebeck, Germany) 
Objective: To discover potential penetrance biomarkers in mitochondrial DNA (mtDNA) for Parkin and PINK1 
mutation carriers. 
Background: Biallelic mutations in Parkin and PINK1 are fully penetrant and cause recessively inherited 
Parkinson’s disease (PD). On the other hand, heterozygous mutations in these genes may be considered as a risk 
factor for PD or even act in a dominant manner with highly reduced penetrance. Since both Parkin and PINK1 
function in the removal of dysfunctional mitochondria, we hypothesize that mtDNA mutations influence the age-
dependent penetrance and thus disease manifestation. 
Methods: We performed deep mtDNA sequencing in 124 individuals with Illumina NextSeq (>10,000X) in blood-
derived DNA and brain tissue-derived DNA from one Parkin carrier to assess mitochondria mutational load 
including somatic mosaicism and individual mtDNA variants. Patients were recruited from Germany, Italy, Tunisia, 
Canada, Serbia and comprised carriers of PINK1 (n=32) and Parkin mutations (n=52), idiopathic PD patients (n=20) 
and controls (n=20). We also compared mtDNA variants between IPSC-derived neurons and post-mortem brain 
frontal cortex, occipital lobe, and substantia nigra of one patient with Parkin mutations and three controls. 
Results: A mean coverage of >10,000X was achieved with high sensitivity of detecting low level heteroplasmic 
variants (<15% allelic frequency). Using regression models, Parkin mutation carriers have significantly more 
mtDNA variants including both single nucleotide variants (SNV) and copy number variations (CNV) compared to 
controls and idiopathic PD, even after adjusting by age. Likewise, PINK1 mutation carriers also have more total 
SNVs compared to controls. Further investigation into affected specific PINK1/Parkin mutations carriers show an 
increase in low level heteroplasmic variants compared to unaffected PINK1/Parkin mutation carriers. Lastly, 
comparing early and late onset Parkin mutation carriers, we identified a potential protective variant in ATP6 
(p.A177T). 
Conclusions: Parkin and PINK1 mutations may predispose to an increased mitochondrial mutational load. Increased 
level of heteroplasmic mitochondrial DNA mutations may function as a second hit and partially explain the 
penetrance in (heterozygous) Parkin/PINK1 mutation carriers. 

1121 
Clinical comparison of right onset PD vs left onset PD 
B. Tserensodnom (Ulaanbaatar, Mongolia) 
Objective: To compare clinical characteristics in right side onset versus left side onset of Parkinson’s disease and 
evaluate whether side of onset was predictive of the subsequent progression of clinical symptoms. 
Background: It is reported that motor deficit, quality of life and cognitive impairment in patients with right side 
onset PD (RPD) more severe than those in patients with left onset PD (LPD). 
Methods: 73 patients with PD in according to criteria of the UKBBPD have been enrolled. The patients were 
assessed using Hoehn and Yahr stage, UPDRS II and III parts, Mini Mental Status Examination (MMSE), de Boer’s 
quality of life (QOL) questionnaire, and Modified Beck Depression Inventory (BDI). 
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Results: Total 73 patients: 30 male (41.1%) and 43 female (58.9%) were included. 40 ROPD (54.8%) patients 
(mean age, 66.39 yrs; mean duration of PD, 4.36 yrs) were matched with 33 LOPD (45.2%) patients (mean age, 
66.31 yrs; mean duration of PD, 3.29 yrs). SPSS Nonparametric Kruskal Wallis test revealed that ROPD patients 
had longer duration of disease (p<0.05), less severe rigidity symptoms on UPDRS III (p<0.005), higher score on de 
Boer’s quality of life questionnaire (p<0.001), and was taken higher dose L-dopa (p<0.05) than LOPD patients. In 
contrast, there were no significant differences in akinesia, tremor subscore on UPDRS, cognitive function on 
MMSE, and depressive disorder in BDI. Quality of life on de Boer’s quality of life (QOL) questionnaire was better 
in ROPD due to subscore in parkinsonism (p<0.005), emotion (p<0.05) and social problem (p<0.05). 
Conclusions: Our results suggest that the side of onset of motor impairment significantly influence on the quality of 
life PD patients. Quality of life was better in patients with right onset PD than in left onset PD patients. Patients with 
right onset PD had longer duration of disease, was taken higher dose of L- dopa. Therefore, the initial side of 
parkinsonism might be predicts of quality of life in PD. 

1122 
Clear versus conversational speech in Parkinson's disease, progressive supranuclear palsy, and multiple 
system atrophy 
T. Tykalova, D. Skrabal, J. Klempir, E. Ruzicka, J. Rusz (Prague, Czech Republic) 
Objective: This study aimed to investigate the speech behavior of PD, MSA, and PSP in clear vs. conversational 
speech task compared to healthy controls (HC). 
Background: Acoustic analysis of speech performances has the potential to be a sensitive biomarker of 
neurodegenerative alterations of speech that might facilitate differential diagnosis between Parkinson's disease (PD), 
multiple system atrophy (MSA) and progressive supranuclear palsy (PSP). Early precise diagnosis of individual 
parkinsonian syndromes is intriguing considering appropriate treatment management including personalized speech 
therapy. 
Methods: A total of 68 participants including 17 PD, 17 MSA, 17 PSP, and 17 HC were recorded. Each participant 
performed two readings of the same standardized text. During the first reading, participants were given instructions 
“to read the text in an ordinary way they are used to in common life” (hereafter, conversational speech). During the 
second reading, participants were asked “to read the text as clearly as possible, as if they were presenting in front of 
a big crowd of people” (hereafter, clear speech). Acoustic analysis was based upon measurement of mean loudness 
(Int), loudness variability (IntSD), pitch variability (F0SD), vowel articulation (VSA) and articulation rate (AR). 
Results: Considering the effect of task, we found differences between conversational and clear speech in all 
measurements (p < 0.05) except for AR (p = 1). With respect to group effect, we revealed differences between both 
MSA and PSP compared to HC in measurement of F0SD (p < 0.001) and VSA (p < 0.001), between PSP and HC in 
measurement of AR (p < 0.001) as well as between PSP and PD in measurement of F0SD (p < 0.05), VSA (p < 
0.05) and AR (p < 0.001). The interaction between group and task was observed for measurement of F0SD (p < 
0.001), where only PD and HC were able to improve under the clear condition, and AR (p < 0.001), where MSA and 
PSP read faster while HC slowed articulation rate under clear condition. 
Conclusions: While PD patients were able to consciously improve their clear speech performance using multiple 
acoustic cues, both MSA and PSP applied mainly adjustment of articulation rate to facilitate their speech 
performance. The particular strategy employed by individual speakers group may be important for optimization of 
speech therapy. 

1123 
Serum non-mercaptalbumin as a potential biomarker in Parkinson’s disease and related disorders 
S. Ueno, T. Hatano, A. Okuzumi, S. Saiki, Y. Oji, A. Mori, T. Koinuma, M. Fujimaki, H. Takeshige-Amano, K. 
Yasukawa, Y. Yatomi, H. Ikeda, N. Hattori (Tokyo, Japan) 
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Objective: To investigate the oxidized albumin ratio, which is the redox ratio of human non-mercaptalbumin 
(HNA) to serum albumin (HSA) (%HNA), as a biomarker in idiopathic Parkinson’s disease (iPD) and related 
disorders. 
Background: Diagnosis of PD is based on only clinical symptoms, including parkinsonism, REM-sleep behavior 
disorder (RBD), hyposmia and autonomic dysfunction. Therefore, biological biomarkers might be useful for not 
only diagnosing but reflecting the pathology resulting the possibility of treatment of PD. 
It is well known that oxidative stress is related to pathomechanism of PD, parkin/PARK2 is closely associated with 
mitochondrial quality control as well. 
Therefore, we hypothesized that %HNA might be a robust biomarker of a hyperoxidative state in iPD and PARK2. 
Methods: This prospective studyenrolled 216 iPD patients (age 66.0 ±0.63; male 102), 15 PARK2 patients (age 
52.1 ±4.56; male 6), and 83 healthy controls (age 63.6 ±1.02; male 39). The patients take blood samples in the 
morning with a non-consumption of any diet. HNA were analyzed modified high performance liquid 
chromatography (HPLC), and were evaluated with other parameters. 
Results: %HNA was statistically correlated with increasing age in each group. %HNA level in iPD and PARK2 
showed higher than in healthy control group (iPD 27.7 ±0.29, control 24.5 ±0.38,OR 1.260, p < 0.001; PARK2 
26.3 ±1.68,control 24.5 ±0.38, OR 1.592, p < 0.001). There is statistical significant higher %HNA in early stage 
ofHoehn & Yahr (H&Y) staging I-II in iPD than control group. In addition, Unified Parkinson’s Disease Rating 
Scale part III scores, H&Y stage, disease duration, and levodopa dose did not relate to serum %HNA levels in iPD 
and PARK2. 
Conclusions: In our study, %HNA tends to increase in iPD and PARK2 regardless of disease course and 
severity. Oxidative stress markers, including oxidative albumin, may be useful biomarkers for diagnosing prodromal 
PD and related disorders. 

1124 
Relationship between functional exercise capacity and balance in patients with idiopathic Parkinson’s disease 
B.O. Ugut, T. Kahraman, A.C. Kalkan, B. Donmez Colakoglu, A. Genc (Izmir, Turkey) 
Objective: The aim was to investigate the relationship between functional exercise capacity and balance in patients 
with idiopathic Parkinson's disease. 
Background: Parkinson's disease is a neurodegenerative disease involving motor symptoms such as rigidity, 
tremor, bradykinesia, balance and gait disorders and non-motor symptoms such as fatigue, pain, and sleep disorders. 
These symptoms affect exercise capacity of patients negatively. Postural instability and balance disorders are 
frequently seen in patients. 
Methods: Thirty-five patients with idiopathic Parkinson's disease were included in this study. Functional exercise 
capacity was assessed using the 6-Minute Walk Test (6MWT). The balance performance was assessed by Berg 
Balance Scale (BBS) as a clinical test and by the Limits of Stability (LOS) Test and modified Clinical Test of 
Sensory Interaction on Balance (mCTSIB) Test using a computerized balance measuring instrument. 
Results: It was found significant correlations between the 6MWT and BBS (r=0.516, p=0.001), LOS-Endpoint 
excursion (r=0.414, p=0.012), LOS-Maximum excursion (r=0.353, p=0.034). According to the regression analysis, it 
was detected that the BBS and LOS-Maximum excursion were the strongest predictor of the 6MWT and it was 
determined that these two variables explained 35% of the variance in the 6MWT (R²=0.35). 
Conclusions: The results have shown that exercise capacity was related with balance in patients with idiopathic 
Parkinson's disease. It is thought that positive changes in balance with appropriate rehabilitation methods may 
provide improvements in the exercise capacity of the patients. 

1125 
Association between quality of life and physical functions in patients with idiopathic Parkinson's disease 
B.O. Ugut, T. Kahraman, A.C. Kalkan, B. Donmez Colakoglu, A. Genc (Izmir, Turkey) 
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Objective: The aim was to investigate the association between health-related quality of life and physical functions 
in the patients with idiopathic Parkinson's disease (PD). 
Background: Health-related quality of life is mainly influenced by depression, disability, disease severity and 
cognitive impairment in patients with idiopathic PD. Determining the related factors with the health-related quality 
of life is important for better treatment plans. 
Methods: Thirty-seven patients with idiopathic PD were included in this cross-sectional study. The Modified 
Hoehn-Yahr Scale (MHYS) was used to assess disease severity and Parkinson’s Disease Questionnaire (PDQ-8) 
was used to assessed QoL. The Nine-Hole Peg Test, Timed Up and Go Test, Berg Balance Scale, 6-Minute Walk 
Test, Five Times Sit-to-Stand Test, Rapid Assessment of Physical Activity were used to assess physical functions. 
The subscales of Unified Parkinson’s Disease Rating Scale (UPDRS); (1) mentation, behavior and mood, (2) 
activities of daily living, (3) motor examination, (4) complications of therapy were calculated. 
Results: The median of MHYS was 2.0 (2.0–2.5). There were significant positive correlations between PDQ-8 and 
UPDRS-(1) mentation, behavior and mood (rs=0.648, p<0.001), UPDRS-(2)activities of daily living (rs=0.482, 
p=0.003). There were no significant correlations between PDQ-8 and other variables (p>0.05). 
Conclusions: It was found that the health-related quality of life was related to mentation, behavior, mood and 
activities of daily living rather than physical functions in the patients with PD with low and moderate disease 
severity. Improving physical functions alone may not be adequate for rehabilitation of patients with PD with low 
and moderate disease severity, thus it is also necessary to transfer these gains into the activities of daily living and to 
improve the psychosocial status. 

1126 
Functional mobility tests and their relationship with disease stage in patients with Parkinson’s Disease 
B. Üğüt, T. Kahraman, A. Kalkan, A. Genç, B. Çolakoğlu (İzmir, Turkey) 
Objective: The main objective of this study is set as to determine the relationship between several Functional 
Mobility Tests (FMT) and disease stages in patients with Parkinson's disease (PD). 
Background: PD is a progressive neurodegenerative disorder which is characterized with motor and non-motor 
symptoms. One of the most disabilitating symptoms in PD is balance disorder as it may cause falls related secondary 
injuries; resulting with great reduction in quality of life and self sufficiency in activities of daily living. Functional 
Mobility Tests (FMT) which are used often and practically in clinical settings may give us an idea about balance in 
patients with PD. There are several FMTs to assess functional mobility in patients with PD and they correlate in 
different levels with disease stages. Therefore there is a need to detect association levels between FMTs and disease 
stages in patients with PD. 
Methods: This study is planned as a cross-sectional study. Functional mobility was assessed with 10 meter walk test 
at maximum speed (10MWT-max), 10MWT at normal speed (10MWT-normal) timed up and go test (TUG), timed 
up and go test with a dual task (reverse counting) (TUG-cog), 6 minutes walk test (6MWT). Disease stage was 
assessed using Modified Hoehn and Yahr Disease Staging (MH&Y). Kolmogrov Smirnov analysis and histogram 
graphic showed that data did not distributed normally. Hence, Spearmann correlation coefficient was determined to 
detect association between FMTs and disease stages. 
Results: A total of 42 patients were evaluated. Correlations between MH&Y and 10MWT-max 10MWT-normal, 
TUG, TUG-cog, 6MWT were calculated. Correlation coefficients were found in order; 0.571 (p<0.001), 0.596 
(p<0.001), 0.553 (p<0.001), 0.492 (p<0.001), -0.665 (p<0.001). As seen, all FMTs correlated significantly with 
MH&Y stages. 6MWT has a slightly higher correlation (strong) with disease stage while others have moderate. 
Conclusions: The results of this study showed that all popular, clinically used FMTs correlated significantly in 
moderate to high levels with disease stage assessed with MH&Y. While 6MWT correlated strongly with MH&Y; 
10MWT-max, 10MWT-normal, TUG, TUG-cog  correlated moderately. 
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1127 
MRI cortical layer study in patients with Parkinson's disease in Uzbekistan 
A. Umarov, D. Tolibov (Tashkent, Uzbekistan) 
Objective: We aimed to establish, using MRI, the presence of differences in the thickness of the cortical layers in 
patients with early and developed stages of Parkinson's disease (PD). 
Background: Cortical layer dedicated study using MRI has not previously studied in Movement disorders in 
Uzbekistan before. 
Methods: There were examined 22 PD-patients with stages 2 (group 1) and 3 (group 2) according to the Khen-Yar 
functional scale, of which 12 patients had an akinetic-rigid form of the disease (54.5%), the remaining patients had 
mixed form of PD (45.5%). The examination protocol consisted of a clinical assessment with the determination of 
the stage of the disease, as well as the MRI scanning the patients. 
Results: We found significant differences in the thickness of the cortex in both the left and right hemispheres of the 
brain. One of the most interesting obtained results is the degeneration in the area of the visual cortex. Pathology of 
the posterior dorsal cingulate gyrus (1 group –2,758; 2 –group – 2,624; p = 0.017) affects the performance of 
episodic memory operations and the ability to understand and be aware of the opinions of other people. There is a 
decrease in the thickness of the cortical layer (1 group-2.21; 2-group-2.11; p = 0.044), which negatively affects 
cognitive and mental disorders that develop in patients with PD. Changes in the fusiform gyrus (1 group-1.83; 2-
group-1.75; p = 0.042) have a negative effect primarily on the state of cognitive functions of patients and is one of 
the mechanisms for the development of hallucinations. 
Conclusions: The obtained data allow us to establish a connection between the non-motor manifestations of PD and 
the degeneration of certain cortical regions of the brain. In this regard, it is necessary to further develop and improve 
high-tech techniques that will contribute to clarifying the issues of pathogenesis and predicting the course of PD. 

1128 
Pain assessment and pain management study in patients with Parkinson's disease in Uzbekistan 
A. Umarov, D. Tolibov (Tashkent, Uzbekistan) 
Objective: We studied the dependence of the nature of pain on the clinical form of PD and examined the effect of 
drug treatment of PD on pain syndrome. 
Background: Pain syndrome, one of the leading non-motor manifestations of Parkinson's disease (PD), and may be 
associated with PD itself, or be the result of anti-Parkinsonian therapy. 
Methods: There were examined 35 patients with PD in the 1st Clinical Hospital of Tashkent Medical Academy. The 
main group consisted of 25 patients with PD with pain syndrome, the control group consisted of 10 patients with PD 
who does not have any pain symptoms. Pain syndrome was evaluated on the basis of the modern classification of 
pain syndrome. 
Results: The study showed a direct dependence of the nature of the pain syndrome on the duration of PD (g = 0.65; 
p = 0.003). The longer patients suffered from Parkinson's disease, the higher was the likelihood that they had a pain 
of a central nature. We found a direct dependence of the nature of the pain syndrome on the rate of disease 
progression (g = 0.4; p = 0.02). Periarthropathy and spondyloarthrosis were more characteristic for moderate PD 
progression. Central pain syndrome prevailed in the rapid pace forms of PD. The pain syndrome in PD at any of its 
stages was affected by anti-Parkinsonian therapy. Pain syndrome on VAS scale decreased by 3 points (50%) (p = 
0.0015). Motor activity increased by 24 points (50%) (p = 0.032), daily activity by 20% (p = 0.02), depressive 
symptoms decreased by 5 points (37%) (p = 0.0031). 
Conclusions: The nature of the pain syndrome depends on the rate of progression, the severity of the disease, the 
duration of the disease: in the initial stages of PD, myofascial pains are more common, as the disease progresses, 
they give way to central algorithms mainly on the side of greater motor deficit. Adequate anti-Parkinsonian therapy 
reduces the severity of pain. 
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1129 
Lip movement contribution in speech production of persons with Parkinson’s Disease 
P. UPADHYAY, S. GUDWANI, K. SHARMA, R. SAGAR, R. DHAMIJA, S. KUMARAN (NEW DELHI, India) 
Objective: Lip movements contribute to communication by producing labial sounds, conveying facial expression 
and aiding visually in speech perception. This study planned to understand lip-movements (orbicularis muscle) as 
contributor to motor speech problems in Parkinson’s Disease (PD) using acoustic analysis (spectrogram) and 
dynamic magnetic resonance imaging (dMRI) (articulatory analysis) 
Background: PD involves progressive loss of dopaminergic neurons where imprecise vowel articulation play role 
as early marker[1]. Hypokinetic dysarthria observed in PD influence communication[2] that impact quality of life 
and self-perception[3]. Sensitive and objective parameters are required to assess the outcomes of deep brain 
stimulation (dysarthria also an adverse effect) [4]. 
Methods: Sample included 12 PD patients (age range 45-70 years) and 6 age-gender matched healthy controls. 
dMRI acquisition single slice 2-D sagittal on 1.5T system (Aera, Siemens Healthcare, Germany) using 12H 4N and 
4BFlex coils with T2 trueFISP (trufi-cine) sequence. Parameters FOV 300, TR 162.54 ms, TE 1.27 ms, FA 44ᵒ, ST 
10mm, AT 8.53 min, 19.2 fps. Parameters (1)Upper-lower lip movement (2)Rate of lip-closure (Figure 1i to 1iii), 
(3) Lip-rounding, Lip-protrusion analyzed in ImageJ software. Recorded speech analyzed in Praat software 
(Spectrogram). Acoustic parameters (i)maximum phonation duration (MPD) (ii)pitch (F0 fundamental frequency) 
(iii)visible pitch contour (iv) voice onset time (VOT) (v) frequency formants F1- tongue height; F2- length of oral 
cavity; F3 – lip rounding (vi)Intensity and transmission energy (dB) (vii)Jitter (irregularities in duration/ frequency) 
(viii)Shimmer (irregularities in amplitude/intensity)  (ix)voice breaks and (x)harmonicity (dB) Group analysis done 
with ‘t’- test using SPSS [Table1] 
Results: dMRI show differences in lip-rounding, closure-rate, release-rate and inadequate lip-protrusion in PD. 
Formants F3 and F4 are significantly different indicating resonance changes associated with lip-movement[5]. 
Intensity difference between the groups shows lower transmission energy or loudness in PD[1,6,7] 
Figure1: Lip-movement acquired with dynamic MRI during speech production  
Figure2: Spectrogram analysis of speech (A-pitch contours; B-VOT; C-Formants; D- regularity in 
intensity)[Figure2] 
Conclusions: Deviations in lip movements may contribute to oromotor dysfunctions in PD 
References: 1] Rusz, J., Čmejla, R., Růžičková, H. et al., 2013. Evaluation of speech impairment in early stages of 
Parkinson's disease: a prospective study with the role of pharmacotherapy. J Neural Transm 120: 319. 
https://doi.org/10.1007/s00702-012-0853-4 [2] Skodda S., Visser W., Schlegel U. 2011. Acoustical Analysis of 
Speech in Progressive Supranuclear Palsy. Journal of Voice, 25, 725-731 [3] Cruz AN, Beber BC, Olchik MR, 
Chaves ML, Rieder CR, Dornelles S, 2016. Aspects of oral communication in patients with Parkinson's disease 
submitted to Deep Brain Stimulation. Codas. 28(4):480-5. doi: 10.1590/2317-1782/20162015169. [4]Vogel et al, 
2015.The feasibility of using acoustic markers of speech for optimizing patient outcomes during randomized 
amplitude variation in deep brain stimulation : a proof of principle methods study. Front. Bioeng. 
Biotechnol.3:98.doi:10.3389/fbioe.2015.00098 [5] Boersma P, Weeninck D, 2019. Interpreting vowel articulation 
from formant frequencies. https://swphonetics.com/methods/vowel-articulation-from-formants/ [6] Chiba T, 
Kajiyama M, 1941, The Vowel, its Nature and Structure, Tokyo Publishing Company, Tokyo. [7] Pinho P, Monteiro 
L, Soares MFP, Tourinho L, Melo A, Nóbrega AC, 2018. Impact of levodopa treatment in the voice pattern of 
Parkinson's disease patients: a systematic review and meta-analysis. Codas. 4;30(5):e20170200. doi: 10.1590/2317-
1782/20182017200. 
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1130 
Alpha-synuclein expression and cytokine profile in blood of patients with Lewy body dementias 
T. Usenko, M. Nikolaev, A. Bezroukova, A. Emelyanov, E. Gracheva, I. Milukhina, Y. Belceva, N. Zalutskaya, A. 
Timofeeva, S. Pchelina (Gatchina, Russian Federation) 
Objective: To examine alpha-synuclein expression in CD45+ and cytokine levels in blood of patients with dementia 
with Lewy bodies (DLB), Parkinson's disease dementia (PDD). 
Background: Lewy body dementias (LBD) are a group of diseases with cognitive decline (PDD, DLB) associated 
with abnormal deposits of alpha-synuclein in neurons that probably may activate neuroinflammation. 
Methods: 25 DLB patients, 19 PDD and 66 PD patients without dementia (PD) and 59 neurological healthy 
individuals (controls) as comparable groups were recruited for current study. CD45+ were selected by MACS 
system. Alpha-synuclein mRNA levels were estimated in CD45+ blood cells by quantitative RT-PCR with iTaq 
Universal SYBR Green Supermix (Bio-Rad, USA). Plasma cytokine levels (IFN-gamma, IL-2, IL-4, IL-6, IL-10, 
IL-12, IL-13, IL-21, IL-23, IL-1b, TNF-alpha, MCP-1) were detected by a Luminex array system. 
Results: Alpha-synuclein expression in CD45+blood cells in DLB and PDD patients (1.408 (0.166-9.867), 2.132 
(0.422-13.452), respectively)  were significantly higher compared to PD patients 0.763 (0.004-12.853) (р=0.02, 
р=0.001, respectively) and controls 0.574 (0.013-7.497) (р=0.01, р=0.0003, respectively). Alpha-synuclein 
expression in CD45+blood cells in DLB and PDD patients did not show significant difference (p >0.05). TNF-alpha 
plasma levels were increased in DLB and PDD than in PD patients (p=0.025, p=0.033, respectively). IFN-gamma 
and IL-6 plasma levels were elevated in DLB patients compared to PD patients  (p=0.0386, p=0.0328, respectively). 
Negative correlation of alpha-synuclein and IL-12 blood levels was shown in patients with dementia (DLB, PDD) 
(r=-0.43, p=0.01, respectively). 
Conclusions: Our results showed that increased alpha-synuclein expression in CD45+ blood cells and increased 
proinflammatory cytokine plasma levels may be associated with the development of dementia in LBD. This study 
was supported by RFBR grant N18-315-00387 mol-a. 
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1131 
Amylin single-nucleotide polymorphism and Parkinson’s disease 
R. Valenti-Azcarate, I. Martinez-Valbuena, I. Marcilla Garcia, G. Marti, M. Carmona-Abellan, M.T. Tuñon-Alvarez, 
M.T. Luquin-Piudo (Pamplona, Spain) 
Objective: The objective of this study was to evaluate if a single nucleotide polymorphism (SNP) in the amylin 
sequence is present in patients with Parkinson’s disease. 
Background: Amylin is a small and highly amyloidogenic protein secreted from pancreatic beta cells along with 
insulin, and it regulates gastric emptying and glucose homeostasis. An increase in amylin appears to occur in 
patients with insulin resistance and it is one of the main factors contributing to its aggregation. But hyper-
amylinemia is not only detrimental to pancreatic beta-cells but also, it provokes toxicity in other organs. For 
instance, amylin deposition has been seen in the heart and kidneys of obese and T2DM patients, and interestingly, in 
the brain of Alzheimer’s disease patients. Recently, it has been identified a genetic variant within the amylin gene 
(rs73069071) that modified the effect of cortical amyloid beta on Alzheimer’s disease-related cognitive impairment 
and temporal lobe atrophy. These data, together with the fact that amylin has also been related to Parkinson’s 
disease pathophysiology since it interacts with alpha-synuclein promoting in vitro alpha-synuclein amyloid 
formation, leads us to perform this study. 
Methods: For this study one thousand subjects were included, five hundred patients with Parkinson’s disease and 
five hundred neurologically asymptomatic subjects. Genomic DNA from each case was isolated using a commercial 
kit (Qiagen). DNA quality and quantitation were examined using NanoDrop Spectrophotometer and gel 
electrophoresis. DNA samples with A260 /A280 and A260 /A230 ratios below 1.8 were discarded or re-extracted. 
TaqMan Predesigned SNP Genotyping Assays were performed. 
Results: We found that this SNP is present in more subjects with Parkinson’s disease than in neurologically 
asymptomatic subjects. 
Conclusions: The relevance of this SNP in the amylin sequence in alpha-synuclein accumulation and its relevance 
in Parkinson’s disease pathophysiology will be further discussed. 

1132 
APOmorphine infusion and aMYLoid deposition in Parkinson’s disease (APOMYL): preliminary clinical 
and amyloid imaging data 
D. van Wamelen, M. Politis, D. Aarsland, P. Odin, T. van Laar, T. Henriksen, B. Corcoran, G. Vivian, H. Wilson, 
M. Parry, A. Sauerbier, N. Mulholland, K. Chaudhuri (London, United Kingdom) 
Objective: To explore the potential effects of chronic Apomorphine infusion treatment on reducing brain Amyloid-
b (Aβ) deposition in Parkinson’s disease (PD). 
Background: A majority of PD patients develop significant cognitive decline and Aβ plaque deposits have been 
implicated as a contributor [1]. Transgenic Alzheimer disease mice treated with Apomorphine show a decrease of 
intraneuronal Aβ and an improvement of memory function [2]. In cognitively normal PD patients, a 
neuropathological study has shown that ante-mortem Apomorphine exposure significantly reduces Aβ deposition in 
the brain [3]. 
Methods: Preliminary descriptive cross-sectional analysis of PD patients on chronic subcutaneous Apomorphine 
infusion treatment compared to patients not on this treatment, who underwent [18F] florbetaben PET/CT scan, as 
surrogate marker for brain amyloid deposition, as part of the APOMYL study at King’s College Hospital (London 
UK; NHS IRAS No: 214953). Clinical data was collected from medical records and Non-motor Longitudinal 
International Study (NILS; UKCRN No: 10084). Data is presented as median [range]. 
Results: 11 PD patients on Apomorphine treatment (age 70 [52-80] years, disease duration 14 [4-23] years, LEDD 
1168 [750-1810] mg) and five PD patients not on Apomorphine (age 75 [49-77] years, disease duration 9 [1-14], 
LEDD 1128 [700-2864] mg) had undergone amyloid PET/CT scans. The patients on continuous Apomorphine 
infusion had been on this treatment for 51 [10-180] months. There were no group differences in baseline 
demographics, LEDD, MMSE scores (median 28/30 vs 29/30), motor scores, or non-motor scores (p≥0.19). The 
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distribution of amyloid burden showed a trend towards significant change between patient on Apomorphine (72% 
no, 18% low, 9% moderate, and 0% high amyloid burden) and those without (20% no, 40% low, 0% moderate, and 
40% high amyloid burden; p=0.09 Chi-Square test). 
Conclusions: Although open label, this study provides the world-first real-life evidence that Apomorphine infusion 
may be protective against cerebral Ab accumulation in PD. 
References: 1. Aarsland D, Creese B, Politis M, Chaudhuri KR, Ffytche DH, Weintraub D, Ballard C. Cognitive 
decline in Parkinson disease. Nat Rev Neurol. 2017;13(4):217-231. 2. Himeno E, Ohyagi Y, Ma L, Nakamura N, 
Miyoshi K, Sakae N, Motomura K, Soejima N, Yamasaki R, Hashimoto T, Tabira T, LaFerla FM, Kira J. 
Apomorphine treatment in Alzheimer mice promoting amyloid-β degradation. Ann Neurol. 2011;69(2):248-56. 3. 
Yarnall AJ, Lashley T, Ling H, Lees AJ, Coleman SY, O'Sullivan SS, Compta Y, Revesz T, Burn DJ. 
Apomorphine: A potential modifier of amyloid deposition in Parkinson's disease? Mov Disord. 2016;31(5):668-75. 

1133 
Hoover's Sign in Parkinson’s Disease 
A. Vasilenko, M. Karpova (Chelyabinsk, Russian Federation) 
Objective: To study applicability of Hoover's sign to diagnostics of functional component in PD. 
Background: It has been reported that Parkinson’s Disease (PD) patients have a higher prevalence of functional 
neurological symptoms. The placebo effect is powerful in PD also. Thus, a development of a diagnostic test for 
psychogenic contribution to PD becomes of a special importance. Hoover's sign is a useful clinical test in 
differentiating asymmetric functional and organic hemiparesis. For idiopathic PD asymmetry of motion is common 
and can persist for several years. In this work we studied abilities of Hoover's Sign as a method for identifying 
psychogenic (functional) component in PD. 
Methods: We used Hoover's Sign (test). Thirty-two PD female patients with asymmetric  movements and thirty 
healthy control patients were examined. The voluntary pressure by a heel (VP) and reflectory pressure (RP) have 
been measured on both sides. The Hoover index (HI) was calculated as a ratio RP/VP. If the HI is high 
(the  reflectory pressure is more to the strength exhibited during the strength test), then the patient is thought to be 
hysterical. 
Results: The HI in the control group was 1,0±0,2 and for unaffected extremities of the PD patients was 1,1±0,2. On 
the affected side («bad side»), the behavior of the PD patients is different from healthy control with a high degree of 
confidence. HI was measured as high as 2,0±0,4. The HI increase was not caused by unwillingness to perform 
active  movements. On the contrary, the PD patients diligently followed the directions and were willing to show the 
maximum results. Surprisingly, the PD patients are able to reflectorily exert a higher pressure on the scale compared 
to healthy people. This fact can be explained by a phenomenon of increase of physiological synkinesia and parallel 
movements.  Among 32 patients, there was not a single case of HI increase due to a large decrease of  VP. 
Conclusions: The Hoover's sign failed to confirm the presence of a functional component in PD. This result may 
possibly be due to insensitivity of the method for the patients with PD, or the idea about universal involvement of a 
functional component in PD is not entirely correct. It is necessary to consider that heightened physiological 
synkinesia may play a pathological role in patient’s movements. 

1134 
Estimating the long-term effect of early levodopa treatment initiation in Parkinson’s disease 
L. vd Heuvel, J. Krijthe, L. Evers, M. Meinders, B. Post, T. Heskes, B. Bloem (Nijmegen, Netherlands) 
Objective: Using observational longitudinal data to estimate the long-term effect of the duration of levodopa 
treatment in the first two years after diagnosis. 
Background: Levodopa is an effective symptomatic treatment for patients with Parkinson’s disease. However, both 
patients and physicians may choose to delay initiation of levodopa therapy for various reasons. One concern is that 
levodopa might negatively affect disease progression. The recent LEAP study, a double blind, placebo controlled 
trial with 445 early Parkinson patients, found no disease-modifying effect for levodopa[1]. However, selected study 
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populations, as used in randomized controlled trials, usually do not account for the typical heterogeneity within a 
real-life population. Observational data, without strict in- and exclusion criteria, are more representative of the true 
patient population. 
Methods: We used the PPMI cohort with 423 recently diagnosed PD patients [2] to estimate the treatment effect of 
one additional year of levodopa during the first two years after diagnosis. Predefined endpoints included the MDS-
UPDRS part I, II and III, Montreal Cognitive Assessment and Schwab and England Activities of Daily Living scale. 
We compared a naïve estimate, simple adjustment for baseline confounders, Marginal Structural Models using 
Inverse Probability Weighting and Marginal Structural Models using the g-formula, to adjust for (time-varying) 
confounding. 
Results: Models that take the time-varying nature of the treatment initiation after diagnosis into account, effectively 
removed some of the confounding that seems to be present in simpler models. For most outcome measures we found 
no significant different treatment effect for early versus delayed start of levodopa therapy. Preliminary results show 
slightly lower MDS-UPDRS part III scores in longer levodopa treatment, which may be caused by unadjusted 
confounding or residual symptomatic medication effects. 
Conclusions: The lack of differential effects of early or delayed start of levodopa therapy based on observational 
data is in line with earlier findings from clinical trials. The benefits of observational data, such as the sample 
potentially being more representative of the true population of PD, and the relative ease with which such data can be 
gathered, provide a valuable source of additional evidence to support real-world clinical decisions. 
References: 1. Verschuur, C.V.M., et al., Randomized Delayed-Start Trial of Levodopa in Parkinson's Disease. N 
Engl J Med, 2019. 380(4): p. 315-324. 2. Parkinson Progression Marker Initiative, The Parkinson Progression 
Marker Initiative (PPMI). Prog Neurobiol, 2011. 95(4): p. 629-35. 

1135 
Identifying genetic Parkinson’s disease patients worldwide: Exploiting novel ways of team science 
E.-J. Vollstedt, M. Kasten, C. Klein (Lübeck, Germany) 
Objective: To identify a worldwide cohort of patients and families with genetic Parkinson’s disease (PD) as an 
example of a new, comprehensive approach to global collaboration, adapted from team science approaches, and to 
thereby address the challenge that rare neurological diseases pose to clinicians, researchers and patients. 
Background: Rare neurological diseases challenge the international research community with small sample sizes at 
individual sites calling for novel ways of worldwide team science. 
Methods: In 2018, we conducted a worldwide, systematic online survey on the availability of demographic, clinical, 
genetic, and additional data of patients with genetic PD due to SNCA, LRRK2, VPS35, Parkin, PINK1, 
DJ1, and GBAmutations. Researchers were identified extracting all corresponding authors of articles represented in 
the “Movement Disorder Society Genetic mutation database” (MDSGene) and through the “Genetic Epidemiology 
of Parkinson’s disease” (GEoPD) consortium and invited to participate in the build-up of this worldwide cohort. 
Results: We identified a total of 336 researchers worldwide to participate in this study and 162 (48%) responded to 
our invitation; 98% indicated their interest in further collaboration. Of 103 international sites in 43 countries a total 
of 8,453 PD patients of >9 ethnicities were reported to have mutations 
in SNCA(n=263), LRRK2(n=3,182), VPS35(n=35), Parkin(n=1530), PINK1(n=260), DJ1(n=29), 
or GBA(n=3,154). Over 98% of investigators noted that they had demographic data; availability of clinical data 
ranged from 94% (age at onset) to 66% (nonmotor signs); biospecimens were available from 85% (DNA) to 8% 
(cerebrospinal fluid). 
Conclusions: The number of patients with genetic PD identified in our study was three-fold higher than the number 
of cases reported in the literature. This indicates that accessing patients and data for rare diseases requires novel 
approaches and ways of communication. The overwhelmingly positive response and willingness to collaborate 
impressively highlight the relevance and power of team science. 
References: The authors of this abstract are submitting behalf of the MJFF Global Genetic Parkinson’s Disease 
Study Group (members will be listed on the poster). 
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1136 
Freezing of gait as a reflection of disturbed general time processing in Parkinson’s disease? A new look on a 
complex phenomenon 
J. Wagner, A. Gulberti, J. Verrel, S. Tunc, T. Bäumer, W. Hamel, A.K. Engel, C. Gerloff, C. Moll, A. Münchau, M. 
Pötter-Nerger (Hamburg, Germany) 
Objective: The aim of the study is to assess the association of freezing of gait (FoG) with disturbed time processing 
in Parkinson´s disease (PD) by combining a stepping-in-place paradigm with a time-estimation task. 
Background: FoG is a debilitating and therapeutically challenging gait impairment in advanced PD. Previous 
kinematical observations demonstrate disturbed temporal gait parameters as increased gait asymmetry and 
variability promoting FoG (1). Neural mechanisms underlying FoG are poorly understood, though dysfunction of 
fronto-striatal projections in PD might impact sensorimotor processing possibly resulting in FoG (2). Those fronto-
striatal circuits are supposed to be also involved in time estimation in PD (3). Synthesizing kinematic and theoretical 
hypothesis of fronto-striatal dysfunction we suggest a possible link between time perception deficits and FoG. 
Methods: We investigated ten PD patients (mean age 67.1 ± 8,27 y., 9 male) in MED ON with implanted 
subthalamic electrodes who frequently experience FoG episodes. The stepping-in-place task consisted of self-paced 
stepping movements determined by auditory start and stop signals. Step cycles and FoG episodes were recorded via 
accelerometers attached to foot ankles. To evaluate rhythmicity and gait asymmetry, the coefficient of variability 
(CV) of step time and a stepping frequency ratio between the more and less affected leg were calculated. In the time-
estimation task, patients were asked to estimate a fixed 1.2 second time interval. After each response, patients got 
direct visual “accuracy” feedback. Accuracy as time interval deviation from 1.2 seconds and CV of the estimation 
times were calculated. 
Results: Increased stepping rhythmicity deficits and stepping frequency asymmetry were correlated with higher 
numbers of FoG episodes (r = 0.97, p < 0.001; r = 0.75, p < 0.012). Increased stepping arrhytmicity was correlated 
with larger CV of time estimation (r = 0.80, p = 0.006), and worse timing accuracy (r = 0.83, p = 0.003). Increased 
variability in time estimation was associated with higher numbers of FoG episodes (r = 0.84, p = 0.002). 
Conclusions: The findings of this study demonstrate a strong linkage between time estimation performance and 
temporal gait deficits resulting in increased incidence of FoG episodes. Time processing disturbances in PD might 
therefore play an important role in the pathophysiology of FoG. 
References: (1) Nieuwboer, A. and Giladi, N., 2013. Characterizing freezing of gait in Parkinson's disease: Models 
of an episodic phenomenon, Movement Disorders, 28, 11, 1509-1519 (2) Wu T, Hallett M, Chan P., 2015. Motor 
automaticity in Parkinson's disease. Neurobiol, Dis., 82:226-234 (3) Buhusi, C.V., Meck, W.H., 2005. What makes 
us tick? Functional and neural mechanisms of interval timing. Nat. Rev. Neurosci. 6, 755–765 

1137 
Rare manifestation of CNS Lupus: Parkinsonism 
C. Wantaneeyawong, K. Kumchana (Chiang Mai, Thailand) 
Objective: To describe clinical and imaging features of a SLE patient who presented with parkinsonism which is a 
rare manifestation of NPSLE and the result after treatment of NPSLE. 
Background: Systemic lupus erythematosus (SLE) is one of the devastating multiorgan system disorders. One 
major problem in SLE is neuropsychiatric manifestation or so called NPSLE which consists of a lot of central 
nervous system (CNS) and peripheral nervous system (PNS) manifestations[1]. One manifestation of CNS lupus is 
parkinsonism, which is very rare in clinical practice[2]. 
Methods: Case report. Magnetic Resonance Imaging (MRI) of patient’s brain. Cerebrospinal fluids (CSF) exam. 
Laboratory work up. 
Results: 26 year old woman was admitted due to fever and dysuria and was diagnosed with UTI and was treated 
with intravenous ceftriaxone. 6 days after admission, she began to be in mildly confused state and developed rest, 
postural and kinetic tremor of both arms, more prominent on the left side. Physical exam showed rigidity of both 
arms and bradykinesia demonstrated by finger tapping of both hands, more prominent on left side. Her gait was slow 
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and short step, multistep turning with decreased arm swing of both arms. The pulling test was positive. The MRI 
was done and showed hyperintensity of bilateral basal ganglia on T2 sequence [Figure 1]. CSF exam was 
unreamarkable. The laboratory exam showed mild anemia, leukopenia and thrombocytopenia. The proteinuria was 
found on urine exam and there was low C3, C4, and CH50 complement. She was diagnosed with NPSLE with 
parkisnonism. She was then treated by intravenous methylprednisolone followed by intravenous cyclophosphamide 
and oral levodopa/carbidopa. She improved gradually and then was discharged.Two week follow up after discharge 
she improved significantly but still had subtle parkinsonian signs. 
Conclusions: When encountering patient who presented with parkinsonism and had the underlying disease of SLE, 
early recognition of parkinsonism as a manifestation of NPSLE is important. Because early treatment with 
immunological therapy can improve or even reverse the parkinsonism. 
References: 1. Alessa H. et. al. Neuropsychiatric Lupus in clinical practice. Arquivos de Neuro-Psiquiatria 2016; 
74(12): 1021-1030. 2. Tang Q. et. al. Archives of Rheumatology 2015; 30(4): 361-364. 

 

1138 
Preparing enhanced arm swing facilitates gait initiation in Parkinson's disease: a combined EEG-EMG-IMU 
study 
J. Weersink, N. Maurits, B. de Jong (Groningen, Netherlands) 
Objective: Objective: To examine the effect of enhanced arm swing when starting to walk on gait initiation and 
related brain activity in patients with Parkinson’s disease (PD). 
Background: Background: Difficulty in gait initiation commonly occurs in PD, which may benefit from external or 
internal cues [1]. Arm swing movements, which are impaired in PD patients, have been shown to be beneficial for 
human gait [2]. Arm swing movements may therefore serve as an internal cue in PD patients experiencing difficulty 
initiating gait. 
Methods: Methods: Ambulant electroencephalography (EEG), electromyography (EMG) and inertial measurement 
units (IMU) were employed during gait initiation in 19 healthy participants and 17 PD patients with self-reported 
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trouble initiating gait. Following an auditory beep, all participants initiated gait 30 times without further instructions, 
while PD patients additionally initiated gait 30 times with the cue requiring enhanced arm swing. Power changes 
across the EEG frequency spectrum were assessed by Event Related Spectral Perturbation (ERSP) analysis in 
electrodes over the putative Supplementary motor area (SMA) at electrode position Fz and additional sensorimotor 
regions. 
Results: Results: PD patients initiating gait without arm swing instructions showed enhanced alpha/theta event 
related synchronization (ERS) around time of auditory cue (p=0.018), reduced beta event related desynchronization 
(ERD) prior to movement onset (p=0.009) and reduced alpha/beta ERD over the putative SMA after movement 
onset (p=0.013) compared to controls [figure1]. When PD patients initiated gait with enhanced arm swing these 
group differences disappeared, leaving similar ERSP in patients and controls. Beta ERD prior to movement onset 
was earlier in PD patients with enhanced arm swing compared to natural start in both patients and controls. 
Additionally, EMG and IMU analyses showed more efficient gait initiation when PD patients started walking with 
enhanced arm swing compared to without arm instructions. 
Conclusions: Conclusions: Initiating gait with preparing enhanced arm swing results in beneficial power changes 
across the EEG frequency spectrum leading to more efficient gait initiation in PD patients, indicating that the task 
serves as an internal cue to overcome gait initiation difficulties. 
References: [1] Peterson DS, Smulders K. Cues and Attention in Parkinsonian Gait: Potential Mechanisms and 
Future Directions. Front Neurol. 2015;6:255. [2] Bondi M, Zeilig G, Bloch A, Fasano A, Plotnik M. Split-arm 
swinging: the effect of arm swinging manipulation on interlimb coordination during walking. J Neurophysiol. 
2017;118(2):1021-1033. 
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1139 
Pramipexole regulates the depressive-like symptom through dopamine D3 not dopamine D2 receptor in a 
mouse model of Parkinson's disease 
S.Z. Wei, F. Wang, C.F. Liu (Suzhou, China) 
Objective: The aim of this study is to understand if the antidepressant effect of pramipexole is mediated by D2R or 
D3R in a mouse model of Parkinson's disease. 
Background: Depression, as a comorbid non-motor symptom, can be observed preceding the motor symptoms in 
Parkinson’s disease. But mechanisms underlying it are unknown and its current medication is insufficient. The 
previous study found D3 receptor, a member of D2 like receptor family, expression is decreased in striatum of PD 
patients. In clinical practice aspect, some kinds of dopamine agonists, especially for pramipexole(PPX) as a 
dopamine D2/D3 receptor agonist, have an effect on treating Parkinson's disease-associated depression. But it is not 
clear whether the action is D3 receptor（D3R）woking with D2 receptor（D2R）together or alone. To find the key 
to this problem, D2R knock out mice, D3R mutant mice were used in this study. 
Methods: We used rotarod test and open field test to evaluate motor function of experimental mice. Forced 
swimming test, tail suspension test and light/dark boxtest were used to examine depressive-like and anxiety 
symptom of the mice. HPLC was used to determine DA and DOPAC levels in striatum. 
Results: The deficiency of D3R mice had a depressive-like and anxiety symptom which was detected by forced 
swimming test, tail suspension test and light/dark box test. What’s more, the administration of NGB2904, dopamine 
2-like receptor antagonist, results the depressive-like behavior in D2R knock out mice which shows the regular 
emotional behavior before. We found that PPXhas an antidepressant effect for wild type mice in forced swimming 
test, but not for D3R mutant mice, it indicated PPXhas no effect on treating depression in experimental our mice 
with dopamine receptor D3 deficiency. 
Conclusions: Our results suggested D3R is essential for antidepressant effect of PPX in DA transmitter system and 
D3R may serve as a therapeutic target for depression. 

1140 
The role of Dopamine in Preparatory Inhibition: What can we learn from Parkinson’s disease? 
E. Wilhelm, C. Quoilin, G. Derosiere, A. Jeanjean, J. Duqué (Brussels, Belgium) 
Objective: Investigating the influence of dopamine on motor inhibition during action preparation. 
Background: By measuring the amplitude of motor-evoked potentials (MEPs) elicited by transcranial magnetic 
stimulation (TMS) during choice reaction time (RT) tasks, many studies have revealed a strong suppression of 
corticospinal excitability during action preparation. This phenomenon, called preparatory inhibition, has never been 
investigated in Parkinson’s disease (PD). Yet, it would allow addressing the role of dopamine in the generation of 
preparatory inhibition. 
Methods: Preparatory inhibition was probed on two consecutive days in 11 right-handed PD patients (ON and OFF 
dopamine replacement therapy [DRT]; randomized order) and 11 matched healthy subjects. Participants performed 
an instructed-delay choice RT task, in which they had to choose between a left or right index finger response based 
on the position of a preparatory cue, but had to wait until the onset of an imperative signal to release their 
movement. Single-pulse TMS was applied concurrently over both primary motor cortices at rest and during the 
preparatory delay, eliciting MEPs in both hands. Preparatory inhibition was assessed by expressing MEP amplitudes 
obtained during the preparatory delay relatively to those obtained at rest. 
Results: PD patients with a relatively short disease duration (4.2 ± 1.1 y) exhibited MEP suppression during action 
preparation, similarly to healthy subjects. However, preparatory inhibition was less obvious in PD patients with a 
long disease duration (12.3 ± 2.3 y). In fact, in those patients, MEPs were only suppressed when the finger was not 
selected for the response. Interestingly, the lack of suppression found in the selected finger was even worse in the 
presence of DRT, especially in the dominant hand, where MEPs became facilitated. 
Conclusions: Taken together, those results confirm the presence of preparatory inhibition in healthy subjects, as 
previously shown in the literature. This phenomenon is also evident in PD patients, but seems to decline throughout 
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the disease. Most importantly, DRT medication appears to decrease the strength of preparatory inhibition, especially 
in the dominant hand, suggesting a role of dopamine in the mechanisms at the very basis of preparatory inhibition. 

1141 
Computing algorithms can detect bradykinesia from smartphone videos 
S. Williams, H. Fang, D. Wong, S. Relton, C. Graham, J. Alty (Leeds, United Kingdom) 
Objective: To investigate whether computer vision algorithms can detect bradykinesia using standard smartphone 
video alone. 
Background: Bradykinesia is the core clinical feature of Parkinson’s disease is bradykinesia.  However the 
detection of bradykinesia relies on a subjective visual judgement made by the clinician.  Inter-rater reliability and 
diagnostic accuracy are moderate at best.  Existing objective methods to detect or measure bradykinesia require 
either a specific piece of hardware, or they require patient interaction with an app or website.  Thus, none are in 
routine clinical use. 
Methods: 70 videos of finger tapping were recorded using a standard integrated smartphone camera (40 patient 
hands, 30 control hands).  Computing algorithms were used to automatically separate hand from background and 
then measure the movement of pixels representing the hand.  The pixel movement signals were then further 
processed to extract features likely to be related to finger-tap frequency, amplitude and rhythm (e.g. fast fourier 
transform, jitter and peak-to-peak variability).  The videos were also blindly rated by two movement disorder 
specialists. 
Results: Using support vector machine analysis, we predict the presence of bradykinesia with accuracy of 0.74 
(sensitivity: 0.85, specificity: 0.65) and the presence of a Parkinson’s diagnosis with accuracy of 0.67 (sensitivity = 
0.60, specificity = 0.77). 
Conclusions: Although our results are preliminary and the data set small, they show an accuracy similar to that 
recorded by blinded human clinical experts, and our contactless method requires no special equipment, and no 
patient interaction with an app or website. 

1142 
Camptocormia in Parkinson’s disease – impaired kinesthesia of the trunk extensors 
R. Wolke, J. Kuhtz-Buschbeck, G. Deuschl, N. Margraf (Kiel, Germany) 
Objective: In this study the kinesthesia of back Extensors of PD patients with Camptocormia was examined. 
Background: Camptocormia is a pathological flexion of the trunk occurring during idiopathic Parkinson’s disease 
(iPD) and it is often associated with back pain. Histological similarities between biopsies of paravertebral muscles of 
Patients with camptocormia and muscles after tendectomy suggest that a disturbed proprioceptive feedback 
contributes to pathogenesis. 
Methods: iPD patients with camptocormia (CC, n = 20), iPD patients without camptocormia (PD, n = 20) and 
healthy controls (HC, n = 20) were recruited at the Neurological Department of Kiel University. Camptocormia was 
defined as a forward bending of more than 30 degrees. We used a dynamometer to measure the back muscles’ force. 
Patients were asked to display 25% of their extensional maximum voluntary contraction (MVC) and to hold this 
level for 90 seconds, initially with the help of a feedback screen. After 30 seconds the screen was turned off and 
patients had to keep the force level as constant as possible without feedback. To measure steadiness, the coefficient 
of variation (CV) was calculated. 
Results: Holding 25% MVC for 90 seconds or 50% MVC for 60 seconds, the CC’s variability coefficients were 
significantly greater compared to the other two groups, while PD and HC were not significantly different to each 
other. There was no significant difference of the VC whether probands used biofeedback or not. 
Conclusions: Testing kinesthesia reveals that maintaining a steady level of force with the back's extensors is 
strenuous for CC patients. This deficit of kinesthesia has not been shown before. 
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1143 
Heterogeneous patterns of striatal dopamine loss in patients with young- versus old-onset Parkinson’s disease 
N.E. Woo, S.J. Chung, H.S. Yoo, Y.H. Lee, P.H. Lee, Y.H. Sohn (Seoul, Republic of Korea) 
Objective: Patients with Parkinson's disease have different patterns of stiratal dopamine loss by age onf onset. 
Background: Ample evidence has suggested that age at onset of Parkinson’s disease (PD) is associated with 
heterogeneous clinical features in individuals. We hypothesized that this may be attributed to different patterns of 
nigrostriatal dopamine loss. 
Methods: A total of 205 consecutive patients with de novo PD, who underwent 18F-FP-CIT PET scans (mean 
follow-up duration, 6.31 years), were divided into three tertile groups according to their age at onset of parkinsonian 
motor symptoms. Striatal dopamine transporter (DAT) availability was compared between the old- (n = 73) and 
young-onset (n = 66) groups. In addition, long-term motor outcomes in relation to the risk of developing freezing of 
gait (FOG) and longitudinal requirements for dopaminergic medications were examined. 
Results: The old-onset PD group (mean age at onset, 72.66 years) exhibited more severe parkinsonian motor signs 
than the young-onset group (52.58 years), despite comparable DAT availability in the posterior putamen; moreover, 
the old-onset group exhibited more severely decreased DAT availability in the caudate. A Cox regression model 
revealed that the old-onset PD group had a higher risk for developing FOG than the young-onset group (hazard ratio 
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2.574, 95% CI [1.279‒5.179]). The old-onset group required higher doses of dopaminergic medications for 
symptom control than the young-onset group over time. 
Conclusions: The present study demonstrated that the old-onset PD group exhibited relatively diffuse dopamine 
loss throughout the striatum and poorer long-term motor outcomes, suggesting that age at onset may be one of major 
determinants of heterogeneous patterns of striatal dopamine depletion and clinical features in PD. 

1144 
African American patients with Parkinson’s disease: A hospital-based study compared to Caucasian patients 
T. Xie, D. Lee, M. Padmanaban, H. Yu, W. Kang, J. Johnson, J. Alshaikh, C. Yuen, M. Burns, F. Qian, B. Chiu 
(Chicago, IL, USA) 
Objective: To characterize the demographic, socioeconomic, clinical and healthcare features of African American 
(AA) patients with Parkinson’s disease (PD) compared to Caucasian PD patients in a tertiary center with a large AA 
population. 
Background: The prevalence and incidence of PD in AAs were reported to be lower than that of Caucasians in 
many, but not all, studies. Although the difference in design could account for some of the discrepancy, 
socioeconomic disparity could also make AA PD patients less representable in healthcare system and lead to the 
difference. There have not yet been many studies on the socioeconomic, clinical and health features in AA PD 
patients. The small AA patient volume of the entire clinic patient population often has limited our ability to do 
comprehensive analysis. To address the knowledge gap, we evaluated these features of the AA and Caucasian 
patients with PD treated at our institute located on the South Side of Chicago, home to more than 1 million AAs. 
Methods: We identified the diagnosis of PD, collected data from hospital database from 1/1/2006 to 10/31/2017, 
and compared AA and Caucasian patients for demographics, socioeconomics, clinical features and medication 
usage. 
Results: We found 728 AA and 1308 Caucasian patients with PD, with a significant difference in gender 
distribution (male/female of 1:1 vs 1:6, respectively). The mean age at diagnosis was significantly later by 3 years in 
AA compared to Caucasian PD patients while their age at death was not different. AA PD patients were significantly 
more likely to live in a lower education and income neighborhood, more likely to have Medicare or Medicaid 
insurance, and less likely to have private insurance. AA PD patients were also significantly more likely to have 
cognitive impairment or psychosis, with a trend of increased mood disorders as well. AA PD patients were 
significantly less likely to be on anti-PD medications, antidepressants, or anxiolytics, but more likely on medications 
for cognitive impairment and psychosis. 
Conclusions: In this study with the largest volume of AA PD patients from a single center so far to our knowledge, 
we found significant differences in gender distribution, age at diagnosis, socioeconomics, non-motor symptoms, and 
medication usage between AA and Caucasian PD patients, with many features being studied for the first time. 
Further studies are needed to corroborate our findings. 

1145 
The Impact of Progressive Supranuclear Palsy (PSP) Disease Severity on Healthcare Resource Utilization 
(HCRU) 
T. Xie, X. Ye, J. De Courcy, J. Mellor, J. Zamudio, L. Chiodo, Y. Bao (Chicago, IL, USA) 
Objective: To measure the impact of PSP disease severity on HCRU in a real-world setting. 
Background: PSP is a neurodegenerative disease. As it progresses, patients’ motor, cognitive and behavioral skills 
deteriorate, resulting in problems with gait/stability, eye movements, speech, swallowing, cognitive function, mood 
and behavior. Patients are at an increased risk of falls and pulmonary aspiration. They not only require 
pharmacological intervention, but may also need supportive therapies. 
Methods: Data were drawn from the Adelphi PSP Disease Specific Programme, a cross-sectional study of 
neurologists and their presenting PSP patients in the USA, France, Germany, Italy, Spain & UK. Data were 
collected from July to November 2018. Neurologists provided data on patients’ consultation history, hospitalization, 
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treatment, requirement for wheelchair and feeding tube, and other supportive therapies (such as occupational, speech 
and physical therapy). 
Results: The study included 203 neurologists completing records on 892 PSP patients. Neurologists reported their 
perception of each patient’s severity, with 27% (242) considered mild, 48% (426) moderate and 25% (224) severe. 
As severity increased, patients had more frequent consultations with healthcare professionals (HCPs), with mild, 
moderate and severe patients consulting 6.1, 9.9 and 13.2 times, respectively, in the past 12 months. Additional 
HCPs became involved in the patient’s management as severity increased, most notably speech-language and 
physical therapists, with 5%, 10% and 20% seeing a speech therapist and 8%, 15% and 23% seeing a physical 
therapist, respectively. A rise in patient’s severity was also associated with an increase in the number of drugs 
prescribed for PSP, with mild, moderate and severe patients receiving 1.6, 2.4 and 2.8 medications respectively. A 
rise in severity was also linked to a higher likelihood of the patient requiring a wheelchair (3%, 14% & 59%) or 
feeding tube (0%, 0% & 20%). The proportion of patients who were hospitalized in the past 12 months also 
increased in line with severity (8%, 15% & 29%). 
Conclusions: As a PSP patient’s disease severity increases, so does HCRU. Both the time spent treating the patients 
and the number of HCPs involved increase, as does resource use such as drug treatment, wheelchairs and feeding 
tubes. 

1146 
131-MIBG is less promising in differentiating Parkinson’s disease from other parkinsonism for early onset 
patients 
D. Xu, W.J. Zhu, H. Wang, L. Huo (Beijing, China) 
Objective: To investigate the diagnostic value of 131I-MIBG cardiac scintigraphy in differentiating PD from other 
parkinsonism for distinct age of onset. 
Background: MIBG cardiac sympathetic imaging has been demonstrated to be promising in differentiating 
Parkinson’s disease (PD) from other neurodegenerative parkinsonism. Age at onset has an impact on cardiac MIBG 
uptake in PD, but not in multiple system atrophy (MSA) or progressive supranuclear palsy (PSP). In the present 
study, we will discuss the interaction between age at onset and disease group for H/M ratios. 
Methods: Sixty PD patients and thirty-two Parkinson plus syndrome (PPS) patients were retrospectively reviewed. 
Patients were grouped into the early-onset group and late-onset group (age at onset ≤50 y/o and ＞50 y/o 
respectively) according to the time they first developed motor symptoms. Early and delayed scan (15min and 4h 
post-injection respectively) of 131I-MIBG cardiac scintigraphy was performed. Heart-to-mediastinum (H/M) ratio 
was calculated. 
Results: The clinical data were summarized in Table 1. The disease duration of PD patients was significantly longer 
than PPS patients. After controlling for disease duration using one-way ANCOVA, there was a statistically 
significant difference in the adjusted H/M ratio (P＜0.001 for both early and delayed scan) between PD and PPS 
patients. Using two-way ANOVA, there was a significant interaction between disease group and age at onset for 
both early (P=0.008) and delayed H/M ratio (P=0.043). Subgroup analysis (Table 2) demonstrated that no significant 
difference was found between PD and PPS patients in the early-onset group for either early  (P=0.882) or 
delayed  H/M (P=0.468) ratio. In the late-onset group, PD patients demonstrated significant lower H/M ratio 
compared with PPS patients for both early and delayed images (1.71±0.32 vs. 2.14±0.34, P＜0.001). Using ROC 
analysis, the H/M ratio can be used to differentiate PD from PPS (AUC=0.749 and 0.784 for the early and delayed 
scan, respectively). By deselecting early-onset patients, the discrimination power can be further improved 
(AUC=0.812 and 0.824 for the early and delayed scan, respectively) in late-onset patients. 
Conclusions: There is an interaction between age at onset and disease group for H/M ratios. 131I-MIBG cardiac 
sympathetic imaging is less promising in differentiating PD from other parkinsonism for early-onset patients. 
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1147 
Measuring progression of nigrostriatal degeneration in Parkinson’s disease using 18F-AV-133 vesicular 
monoamine transporter type-2 (VMAT2) PET 
S. Xu, V. Dore, P. Alexander, Y. Lie, S. Bozinovski, R. Mulligan, K. Young, V. Villemagne, C. Rowe (Melbourne, 
Australia) 
Objective: To evaluate the progression of nigrostriatal degeneration in participants with Parkinson’s disease (PD) 
using 18F-AV-133 vesicular monoamine transporter type-2 (VMAT2) PET. 
Background: Vesicular monoamine transporter type 2 (VMAT2) is a presynaptic intraneuronal transporter, that 
provides a reliable marker for nigrostriatal terminal integrity. 18F-AV-133 is a 18F–labelled dihydrotetrabenazine 
analogue that selectively binds to (VMAT2) and allows for in vivo evaluation of VMAT2 density. We have 
previously established that 18F-AV-133 VMAT2 PET is a useful tool in improving diagnostic accuracy in clinically 
uncertain parkinsonian syndrome [1[ and its diagnostic utility remains robust long term [2]. 18F-AV-133 PET offers 
multiple potential advantages compared to dopamine transporter SPECT, including improved image quality and 
quantification, reduced tracer administration to scan interval time, reduced scan duration and no requirement for 
prescan thyroid blockade. 
Methods: We investigated 27 participants with PD and 12 healthy controls. All participants had an initial 18F-AV-
133 PET scan and a second scan 27 +/- 5 months later (range 19 to 42 months). The regional tracer binding of the 
total putamen, anterior and posterior putamen and caudate was expressed as a ratio to the primary visual cortex to 
give standard uptake value ratios (SUVR). The annual change in 18F-AV-133 uptake was calculated by the 
difference in SUVR in the baseline and second scan and divided by the time interval between the two scans. 
Results: In the PD cohort, the annual rate of SUVR decline was -0.13 +/- 0.1 in the putamen, (-0.07 +/- 0.11 in the 
anterior putamen, -0.06 +/- 0.08 in the posterior putamen) and -0.05 +/- 0.13 in the caudate. However, the rate of 
decline vs baseline SUVR was U shaped when including controls (Figure 1) and linear in PD with rate inversely 
proportional to the severity of baseline SUVR reduction (Figure 1, r = 0.66, p < 0.001). 

This article is protected by copyright. All rights reserved.



Conclusions: 18F-AV-133 VMAT2 PET is a sensitive marker of nigrostriatal degeneration and a useful diagnostic 
aid but its application to neuroprotection trials is problematic in persons exhibiting PD due to “floor effect” resulting 
in slowing of decline as the disease advances. 
References: 1. Alexander PK, Lie Y, Jones G, et al. Management impact of imaging brain vesicular monoamine 
transporter type-2 (VMAT2) in clinically uncertain parkinsonian syndrome (CUPS) with 18F-AV133 and PET. J 
Nuclear Medicine 2017:jnumed. 116.189019. 2. Xu SS, Alexander PK, Lie Y, et al. Diagnostic accuracy of imaging 
brain vesicular monoamine transporter type 2 (VMAT2) in clinically uncertain parkinsonian syndrome (CUPS): a 3-
year follow-up study in community patients. BMJ Open 2018;8(11):e025533. 
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1148 
Alpha-synuclein seeding activity in blood samples from synucleinopathy patients 
T. Yamasaki, E. Song (Lexington, KY, USA) 
Objective: Utilize a cell-based assay to determine whether a-syn seeding activity can be amplified and  detected 
from blood components from patients with Parkinson’s disease (PD) and multiple system atrophy (MSA). 
Background: One major obstacle to advancement of diagnosis and therapies in Parkinson’s disease is the lack of a 
blood-based biomarker. Pathogenic forms of a-syn capable of inducing further aggregation of a-syn or “seeding 
activity” have been found in brain and CSF. Although a-syn has been detected in various blood components 
including red blood cells, plasma and platelets, the aggregation potential or pathogenicity of these forms of a-syn is 
not known. In prior studies of PD and MSA, we utilized a cell-based a-syn-A53T CFP/YFP assay to detect and 
quantify a-syn seeding activity present in both PD and MSA brain extracts [1]. Recent amplification-based 
techniques including quaking-induced conversion methods utilize thioflavin T to detect fibrillar forms of a-syn in 
CSF, but have not yet detected a-syn aggregation from blood samples. 
Methods: Blood was drawn from patients with diagnoses of PD or non-synucleinopathy (control). A limited number 
of samples from probable MSA patients were also obtained. Blood was separated into plasma and red blood cells 
(RBC) by centrifugation. A separate tube of blood was processed for extraction of platelets. a-Syn from these blood 
components were amplified using a quaking conversion method and then assayed for a-syn seeding activity utilizing 
a-syn-A53T CFP/YFP cells. Immunoblot and immunofluorescence methods were utilized to assess a-syn 
concentration. 
Results: We were able to detect a-syn in isolated platelets and red blood cell samples from patients both with PD 
and non-synucleinopathy controls. RBCs from MSA patients demonstrated early and robust a-syn seeding activity 
when amplified utilizing a quaking conversion method. PD RBCs and control RBCs had less robust activity. 
Platelets were also capable of inducing a-syn aggregation in biosensor cells after amplification, however, there was 
not significant ability to distinguish between PD, MSA, and control in this small subset. 
Conclusions: The results of these studies support the idea that a-syn seeding activity is present in blood components 
of patients with synucleinopathies and suggest the ability to differentiate PD from MSA. However, further studies 
are needed to determine whether this will be a viable biomarker for the disease process. 
References: 1. Yamasaki, T.R., Holmes, B.B., Furman, J.L. Dhavale, D.D., Su, B.W., Song E.S., Cairns, N.J., 
Kotzbauer, P.T., and Diamond M.I. (2019). Parkinson’s disease and multiple system atrophy have distinct alpha-
synuclein seed characteristics. Journal of Biological Chemistry 18:294(3) 1045-1058. PMCID: PMC6341389 

1149 
Osteopathic Manipulative Medicine to Improve Balance and Quality of Life in Parkinson Disease 
S. Yao, J. Docherty, J. Mancini, A. Leder, J. DiFrancisco-Donoghue (Old Westbury, NY, USA) 
Objective: To examine the effects of Osteopathic Manipulative Medicine (OMM) using a pre-defined protocol for 6 
weeks and compare that to a 6-week counseling protocol on balance, and quality of life in subjects with Parkinson’s 
disease (PD). 
Background: In a pilot study conducted by the investigators, a pre-defined 6-week OMM protocol demonstrated 
improvement in balance in PD subjects defined by the Mini-Balance Evaluation Systems Test (MiniBEST). There 
was no change in the 6-week counseling control PD group. This project was followed up with a larger cohort of PD 
subjects and investigated balance and quality of life. This OMM protocol was based on treatment techniques to 
reduce musculoskeletal restrictions of the spine and extremities that had a positive effect on gait in PD subjects. The 
counseling protocol consisted of predefined counseling addressing balance and PD quality of life. 
Methods: 33 subjects completed this study. 18 subjects (age 69 ± 8.8) completed the OMM protocol (6 weeks bi-
weekly), 15 subjects (age 72.4 ± 8.8) completed the control counseling (6 weeks bi-weekly). Inclusion criteria 
included: 1) diagnoses of PD 2)a Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS III) score > 30, and/or MiniBEST score < 19. Subjects who had a history of other neurologic conditions or 
unable to complete the assessment tools were excluded. Subjects were randomized to receive either bi-weekly OMM 
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treatments using the predefined protocol for 6 weeks or weekly counseling sessions from a medical provider for 6 
weeks. Balance and motor function was measured by the MiniBEST, and MDS-UPDRS III. Quality of life was 
measured using the Parkinson’s Disease Questionnaire (PDQ-39) pre-intervention and at the end of Week 6. 
Results: A repeated measures ANOVA compared OMM and controls. There was significant improvement in the 
MiniBEST scores in both the OMM group (p = 0.025) and the counseling group (p = 0.004). There was a significant 
improvement in the PDQ-39 score in the counseling group compared to the OMM group (p = 0.04) 
Conclusions: The data from this study demonstrated that both 6 weeks of OMM and 6 weeks of counseling both 
improved balance in PD. Our study also supports our counseling protocol as a method to improve quality of life in 
individuals with PD. 

1150 
Automated Quantitative MRI Biomarkers in Differentiation of Progressive Supranuclear Palsy and Multiple 
System Atrophy from Parkinson Disease 
H. You, Y. Luo, Y. Zhang, H. Wang, B. Hou, L. Shi, F. Feng (Beijing, China) 
Objective: To explore the relative merits of automated MRI-based volumetric measures over visual assessment in 
the differential diagnosis of Parkinson's disease (PD), parkinsonian variant of multiple system atrophy (MSA-P) and 
progressive supranuclear palsy (PSP). 
Background: Parkinson's disease (PD), parkinsonian variant of multiple system atrophy (MSA-P) and progressive 
supranuclear palsy (PSP) are common neurodegenerative forms of Parkinsonism. The differentiation among these 
disorders has been challenging. 
Methods: We collected 3D T1-weighted MRI scans from 33 PD, 34 MSA-P and 16 PSP patients in this study 
[table1]. Differentiation of these disorders based on visual assessment was performed by an experienced 
neuroradiologist to detect the presence of “humming bird sign” as well as pontine and cerebellar atrophy. 
Differentiation with automated MRI biomarkers was achieved by calculating the cerebellum volume and midbrain to 
pons area ratio (M/P ratio), where optimal cutoff values of these two measures were determined. Segmentation and 
quantification of the cerebellum, midbrain and pons were performed with AccuBrain [figure1][1][2]. The 
performance of differentiational diagnosis by visual assessment and automated brain quantification was compared 
using decision tree-based classification as shown in [figure2](A) and [figure3](A). 
Results: Using automated MRI-based quantitative biomarkers (i.e. cerebellum volume and M/P ratio) as predictive 
features, the multi-class classifier for differentiating PD, MSA-P and PSP achieved an overall accuracy of 81.9% 
(average AUC=0.907) [figure 2], while the overall classification accuracy of visual assessment was only 54.2% 
(average AUC=0.750) [figure 3]. 
Conclusions: Automated brain quantification presents a superior performance to visual assessment in the 
differentiation of PD, MSA-P and PSP. The automated MRI-based measurements of the cerebellum and brain stem 
may aid clinical differential diagnosis of the three parkinsonism disorders. 
References: [1] Abrigo J, Shi L, Luo Y, Chen Q, Chu WCW, Mok VCT, et al. Standardization of hippocampus 
volumetry using automated brain structure volumetry tool for an initial alzheimer's disease imaging biomarker. Acta 
Radiol. 2018:284185118795327 [2] Wang C, Zhao L, Luo Y, Liu J, Miao P, Wei S, et al. Structural covariance in 
subcortical stroke patients measured by automated mri-based volumetry. Neuroimage Clin. 2019;22:101682 
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1151 
The management of Parkinson’s Disease during pregnancy: literature review, case series and multi-
disciplinary input 
C. Young, R. Phillips, L. Ebenezer, R. Zutt, C. Mitchell, K. Peall (Cardiff, United Kingdom) 
Objective: To examine the management of Parkinson’s Disease (PD) during pregnancy through i) literature review 
and ii) patient and multi-disciplinary team (MDT) survey. 
Background: The incidence of pregnancy in women with PD is unclear, although this may rise given the trend 
towards increasing maternal age.[1] Previous case series document outcomes in multiple pregnancies, including 
adverse events such as spontaneous abortion.[2,3] Information about the use of PD medication during pregnancy is 
largely anecdotal and lacks long-term follow-up. Lack of evidence-based practice and standardised clinical 
guidelines means clinicians and patients face uncertainty as to how best care may be achieved. 
Methods: Results of our literature review were evaluated in accordance with the GRADE quality criteria, and 
information collected via online survey from: women with PD who had been pregnant since diagnosis, neurologists, 
obstetricians, midwives and PD specialist nurses. Five key domains were examined: use of PD medication and 
symptoms during pregnancy, organisation and provision of clinical care, adverse obstetric events and delivery, and 
the post-partum period, breastfeeding and support. Healthcare professionals without experience in this setting were 
invited to share suggested management plans. 
Results: Literature review identified the predominance of evidence for the use of levodopa and dopamine agonists 
during pregnancy, totalling 309 pregnancies and 14 adverse events (e.g. placental abruption. [2-39] A total of 127 
completed online surveys were received; patients (n=7, 10 pregnancies), neurologists (n=35), PD Nurse Specialists 
(n=50), obstetricians (n=15), midwives (n=20). Overall, this study identified 20 further pregnancies in women with 
PD, with medication continued in nine, and only a single reported complication (stillbirth at 24 weeks) in the context 
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of levodopa treatment. Consensus MDT opinion was of early, active communication between Neurology and 
Obstetric teams, and increased frequency of clinical review during gestation. 
Conclusions: This study is the first to report clinical outcomes of PD during pregnancy from both patients’ and 
clinicians’ perspectives and to gather wider multi-disciplinary opinion on the optimum approach to care. 
References: 1. Laopaiboon M, Lumbiganon P, Intarut N, Mori R, Ganchimeg T, Vogel JP, et al. Advanced maternal 
age and pregnancy outcomes: a multicountry assessment. BJOG: An International Journal of Obstetrics & 
Gynaecology. 2014;121(s1):49-56. 2. Tüfekçioğlu Z, Hanağası H, Yalçın Çakmaklı G, Elibol B, Esmeli Tokuçoğlu 
F, Kaya ZE, et al. Use of anti-Parkinson medication during pregnancy: a case series. Journal of Neurology. 
2018;265(8):1922-9. 3. Golbe LI. Parkinson's disease and pregnancy. Neurology. 1987;37(7):1245-9. 4. Allain H, 
Bentue-Ferrer D, Milon D, Moran P, Jacquemard F, Defawe G. Pregnancy and Parkinsonism: A Case Report 
Without Problem. Clinical Neuropharmacology. 1989;12(3):217-9. 5. Asha B, Hansali N, Apoorva P. Successful 
birth of an IVF baby in a patient with Parkinson's disease. Journal of Human Reproductive Sciences. 2010;3(1):42-
3. 6. Ball MC, Sagar HJ. Levodopa in pregnancy. Mov Disord. 1995;10(1):115. 7. Basile S, Pinelli S, Garibaldi S, 
Altamura C, Calcagno M, Salerno MG. Cathecol-O-methyltransferase inhibitors: another possibly useful 
pharmacological tool for treating Parkinson's disease in pregnancy? J Obstet Gynaecol. 2017;37(3):381-2. 8. 
Campos-Sousa RN, Almeida KJ, Dos Santos AR, Lopes-Costa PV, da Silva BB. Multiparity after an initial 
diagnosis of Parkinson's disease: a report on a rare case. Fertil Steril. 2008;90(5):2005.e1-2. 9. Cook DG, Klawans 
HL. Levodopa during pregnancy. Clin Neuropharmacol. 1985;8(1):93-5. 10. De Mari M, Zenzola A, Lamberti P. 
Antiparkinsonian treatment in pregnancy. Mov Disord. 17. United States2002. p. 428-9. 11. Dostal M, Weber-
Schoendorfer C, Sobesky J, Schaefer C. Pregnancy outcome following use of levodopa, pramipexole, ropinirole, and 
rotigotine for restless legs syndrome during pregnancy: a case series. Eur J Neurol. 2013;20(9):1241-6. 12. Ha DE, 
Legendre G, Colau JC. Maladie de Parkinson juvénile et prématurité récidivante. À propos d'un cas. Gynécologie 
Obstétrique & Fertilité. 2007;35(3):224-7. 13. Hagell P, Odin P, Vinge E. Pregnancy in Parkinson's disease: a 
review of the literature and a case report. Mov Disord. 1998;13(1):34-8. 14. Jacquemard F, Palaric JC, Allain H, 
Giraud JR. [Parkinson disease and pregnancy. Apropos of a case]. J Gynecol Obstet Biol Reprod (Paris). 
1990;19(4):461-3. 15. Kallen B, Borg N, Reis M. The use of central nervous system active drugs during pregnancy. 
Pharmaceuticals (Basel). 2013;6(10):1221-86. 16. Kanzato N, Nishihira T, Murao H, Takara H. [Case of juvenile 
parkinsonism in pregnancy]. Rinsho Shinkeigaku. 2006;46(6):400-3. 17. Kupsch A, Oertel WH. Selegiline, 
pregnancy, and Parkinson's disease. Mov Disord. 1998;13(1):175-6. 18. Lindh J. Short episode of seizures in a 
newborn of a mother treated with levodopa/carbidopa/entacapone and bromocriptine. Mov Disord. 
2007;22(10):1515. 19. Nomoto M, Kaseda S, Iwata S, Osame M, Fukuda T. Levodopa in pregnancy. Mov Disord. 
1997;12(2):261. 20. Nygaard TG, Marsden CD, Fahn S. Dopa-responsive dystonia: long-term treatment response 
and prognosis. Neurology. 1991;41(2 ( Pt 1)):174-81. 21. Routiot T, Lurel S, Denis E, Barbarino-Monnier P. 
[Parkinson's disease and pregnancy: case report and literature review]. J Gynecol Obstet Biol Reprod (Paris). 
2000;29(5):454-7. 22. Scott M, Chowdhury M. Pregnancy in Parkinson's disease: unique case report and review of 
the literature. Mov Disord. 2005;20(8):1078-9. 23. Scelzo E, Mehrkens JH, Bötzel K, Krack P, Mendes A, 
Chabardès S, et al. Deep Brain Stimulation during Pregnancy and Delivery: Experience from a Series of “DBS 
Babies”. Frontiers in Neurology. 2015;6:191. 24. Serikawa T, Shimohata T, Akashi M, Yokoseki A, Tsuchiya M, 
Hasegawa A, et al. Successful twin pregnancy in a patient with parkin-associated autosomal recessive juvenile 
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1152 
The relationship between constipation and alteration of gut microbiota in patients with Parkinson's disease 
B.i. zao an, M. Ye (Nanjing, China) 
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Objective: To  study compositional and functional differences  in the gut microbiota  and its products 
between  individuals with PD and matched controls,and these differences  are  or not  associated with  clinical 
features  and  effect  of   L-Dopa. 
Background: The pathogenesis of  α-Syn in PD does not only occur in the brain, but also outside the brain, 
especially in the intestinal tissues and enteric nervous system (ENS).  Animal experiments have shown that α-Syn in 
the ENS can spread to the brain via the vagus nerve.  Gut microbiota  and its products are important environmental 
factors of the human body, and are found adjacent to the ENS. Under normal conditions, a dynamic balance is 
maintained between gut microbiota  and human through interactions. Once this balance is disrupted by dysbacteria, 
The gut microbiota  may induce PD via the “gut microbiota -ENS-vagus nerve-substantia nigra of the midbrain” 
axis. 
Methods: Stool specimens were collected from 15 patients of primary PD with constipation, 14 patients of primary 
PD without constipation and 15 controls. Bacterial DNA was extracted for 16sr RNA gene amplification and high-
throughput sequencing. Species connotation, diversity analysis and analysis of species difference were performed on 
the sequencing results. 
Results: There was no significant difference in alpha diversity index between the three groups (P>0.05).    The 
abundances of Coriobacteriia, Collinsella and Actinomyces were higher in both PD patients with constipation and 
PD patients without constipation than those of the control group (P<0.05), and the abundances of Lachnospira and 
Terrisporobacter were lower in the formers than in the latter (P<0.05). The abundances of Hungatella, 
Anaerotruncus colihominis and Lactobacillus fermentum were significantly increased in the PD patients with 
constipation than in PD patients without constipation and the controls (P<0.05). But there was no significant 
difference between PD patients without constipation and the controls. 
Conclusions: Constipation was related to alteration of gut microbiota in PD patients. The abundances of Hungatella, 
Anaerotruncus colihominis and Lactobacillus fermentum were closely related to constipation, but irrelevant to the 
occurrence of PD. The abundances of Coriobacteriia, Collinsella, Actinomyces, Lachnospira and Terrisporobacter 
might be correlated with PD. 
References: 1.Parashar A, Udayabanu M. Gut microbiota: Implications in Parkinson's disease.[J]. Parkinsonism & 
Related Disorders, 2017, 38:1. 2.Heintz-Buschart A, Pandey U, Wicke T, et al. The nasal and gut microbiome in 
Parkinson's disease and idiopathic rapid eye movement sleep behavior disorder[J]. Movement Disorders Official 
Journal of the Movement Disorder Society, 2018, 33(1):88. 3.Qian Y, Yang X, Xu S, et al. Alteration of the fecal 
microbiota in Chinese patients with Parkinson's disease[J]. Brain Behavior & Immunity, 2018. 

1153 
Predicting domain specific cognitive impairment in Parkinson’s disease 
P. Zarifkar, J. Kim, C. La, P. Borghammer, K. Poston (Palo Alto, CA, USA) 
Objective: To investigate whether between-hippocampal connectivity and CSF proteins can predict domain-specific 
cognitive impairment in Parkinson’s disease (PD). 
Background: Cognitive dysfunction is a common and devastating symptom for people with PD, with impairments 
ranging from mild to dementia. Further, impairments are found in multiple cognitive domains, including episodic 
memory, executive, visuospatial, and language. We sought to characterize the alterations in brain network 
connectivity and CSF proteins associated with these impairments. 
Methods: We studied 51 PD patients (23 cognitively normal (CN), 18 with mild cognitive impairment (MCI), 10 
with dementia (PDD)) and 21 age-, education-, and sex-matched controls (HC), who completed comprehensive 
neuropsychological and motor testing, lumbar puncture and resting state fMRI. We determined between-
hippocampal connectivity from the resting state time-series in bilateral hippocampal regions-of-interest. 
Results: Between-hippocampal connectivity significantly differed across PD subgroups. Specifically, connectivity 
was reduced in the order of HC = PD-CN > PD-MCI > PDD [figure 1].  Further, AB42 was significantly reduced 
and T-Tau/AB42 was significantly increased across PD subgroups [figure 2]. We then performed a stepwise 
multiple regression that included demographic (age, sex, years of education) and clinical (disease duration, 
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hippocampal connectivity, CSF-proteins) metrics. We found that reduced between-hippocampal connectivity 
remained a significant predictor of all cognitive domains, while AB42/40 also predicted executive and language 
impairment, and T-Tau/AB42 also predicted visuospatial impairment [table 1]. 
Conclusions: Lewy pathology, the pathological hallmark of PD, reaches the hippocampi by Braak stage 3 or 4 [1]. 
Our findings suggest that bilateral hippocampal communication is affected and might in turn influence cognitive 
ability.  With more severe PD-related cognitive impairment, our data demonstrates reductions in hippocampal 
connectivity along with CSF AB42. While reduced between-hippocampal connectivity was associated with 
impairment in all domains, abnormal AB42/40 and T-Tau/AB42 were associated with domain specific impairments. 
This study furthers our understanding of the distinct biological influences on domain-specific cognitive impairments 
in PD. 
References: [1] Braak et al. (2003). Staging of brain pathology related to sporadic Parkinson’s disease. 
Neurobiology of Aging, 24, pp.197-211. 
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1154 
The Use of Exergames in Neurorehabilitation in People with Parkinson's Disease: Its Impact on Daily Life 
B. Zeigelboim, H. Teive, M. Severiano, G. dos Santos, M. da Rosa, M. José, R. Sampaio, J. Malisky (Curitiba, 
Brazil) 
Objective: To verify the impact of dizziness and/or imbalance on patients with Parkinson’s disease (PD) by means 
of the Vestibular Disorders Activities of Daily Living Scale (VADL) and Activities-Specific Balance Confidence 
Scale (ABC) questionnaires, applied before and after vestibular rehabilitation with virtual reality (VR). 
Background: Parkinson’s disease (PD) is a chronic disorder caused by the progressive degeneration of dopamine-
producing cells in the brain structures, including the substantia nigra. Its main symptoms are motor disorders, such 
as tremor, bradykinesia, stiffness and postural instability. 
Methods: A prospective, interventional cohort study was carried out with 16 patients (ages averaging 57.6 years, 
standard deviation of 18.7 years), submitted to anamnesis, otolaryngological and vestibular testing, in addition to the 
VADL and the ABC, applied before and after the rehabilitation with VR. 
Results: a) The most reported complaints during the anamnesis were: tremor and muscle stiffness (75% each), 
imbalance (62.5%), gait disorder and vertigo (43.7% each); b) The Instrumental sub-scale in the VADL 
questionnaire showed significant result (p<0.05); c) The correlation between VADL and ABC questionnaires 
showed significant result (p <0.05) in the Ambulation sub-scale (1st and 2nd assessments) and in the Functional sub-
scale (2nd assessment), and d) There was patients’ clinical improvement in the final assessment after rehabilitation 
with significant result for the Tightrope Walk e Ski Slalom games (p<0.05). 
Conclusions: Our results showed that the applied questionnaires were major tools to measure the independence in 
the development of everyday activities and its impact on the quality of life of patients with PD. The study also 
evidenced that the exercises may enhance not only the physical results, but also they may reduce the fear of falls. 
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References: [1] Mhatre PV, Vilares L, Stibb SM, Albert MV, Pickering L, Marciniak CM, et al. Wii Fit balance 
board playing improves balance and gait in Parkinson disease. PMR. 2013;5:769-770, [2] Lee HK, Altman LJP, 
McFarland N, Hass CJ. The relationship between balance confidence and control in individuals with Parkinson’s 
disease. Parkinsonisn Relat Disord. 2016;26:24-28. 

1155 
Vascular risk factors and depression in multiple system atrophy 
L.Y. Zhang, B. Cao, Q.Q. Wei, R.W. Ou, H.F. Shang (Chengdu, China) 
Objective: The aim of the study was to explore the vascular depression hypothesis in a large cohort of multiple 
system atrophy (MSA). 
Background: Previous studies have proposed a hypothesis about the vascular depression in late life. However, the 
association between vascular risk factors and depression are inconsistent. 
Methods: A total of 575 consecutive patients with a probable diagnosis of MSA were included. The clinical data of 
age, sex, height, weight, disease duration, history of hypertension, diabetes mellitus, hyperlipidemia, smoking, and 
drinking were collected. Patients were divided into absence of depression (score ≤ 20) and presence of depression 
(score > 20) according to assessment of the Hamilton Depression Rating Scale. The binary logistic regression was 
used to analyze the association between vascular risk factors and depression. 
Results: The mean age of MSA patients with 273 females and 302 males was 60.03±8.65 years old. Mean age of 
onset was 57.35±8.64 years. Mean disease duration was 2.64±1.54 years. There were 18.3% patients with 
hypertension, 9.0% with diabetes mellitus, 13.7% with hyperlipidemia, 7.7% with current smoking, 30.8% with 
former smoking, 6.4% with current drinking, 25.9% with former drinking, 35.1% with overweight, and 8.5% with 
obesity. In the binary logistic regression model, hypertension was associated with depression in MSA-C patients 
(OR 2.64, 95% CI 1.12-6.23, P=0.026) after adjusted for age, sex, and disease duration. There were no association 
between vascular risk factors and depression in MSA-P patients. 
Conclusions: we first established the vascular depression hypothesis in MSA. Hypertension was associated with 
depression in MSA-C patients. 

1156 
Steering the Volume of Tissue Activated with Directional Deep Brain Stimulation Lead in the Globus Pallidus 
internus 
S. Zhang, E. Pereira, N. Pouratian, A. Kent, B. Cheeran, L. Venkatesan, A. Schnitzler (Plano, TX, USA) 
Objective: To evaluate the effect of electrode configuration and vertical electrode spacing on volume of tissue 
activated (VTA) in the globus pallidus internus (GPi) with directional deep brain stimulation (DBS) 
Background: Directional DBS leads enable stimulation to be more precisely directed within targeted brain areas. 
Understanding the shape and size of the VTA for various monopolar or bipolar configurations can inform and 
expedite clinical programming for GPi-DBS. 
Methods: A computational model was implemented in Sim4Life v4.0 with the multimodal image-based detailed 
anatomical (MIDA) model and a directional DBS lead with 1.5mm vertical electrode spacing placed with segmented 
contact 2 at the ventral-posterolateral GPi. DBS pulses of 1mA current with 60µs pulse width were used to produce 
VTAs. The following DBS contact configurations were tested: single-segment monopole (2A-/Case+), two-segment 
monopole (2A-/2B-/Case+ and 2A-/3A-/Case+), ring monopole (2A-/2B-/2C-/Case+), one-cathode, three-anode 
bipole (2A-/3A+/3B+/3C+), three-cathode, three-anode bipole (2A-/2B-/2C-/3A+/3B+/3C+). Additionally, certain 
vertical configurations were repeated for a directional DBS lead with 0.5mm vertical electrode spacing and also for 
2mA current amplitude 
Results: VTAs for monopolar configurations were spherically-shaped with the single-segment configuration 
generating the most directionality at the cathodic contact. When oriented correctly, the single-segment monopolar 
VTA was entirely encapsulated in the target region of the GPi, while two-segment and ring settings produced VTA 
that exceeded the GPi border inferiorly into the optic tract and medially into internal capsule. Bipolar configurations 
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produced VTAs comparable to a monopolar setting at the level of the cathode and enlarged wedge-shaped VTAs at 
the level of the anode. Using a DBS lead with 0.5mm vertical electrode spacing further concentrated VTAs within 
the GPi. 
Conclusions: We demonstrate that in GPi, single-segment monopolar configurations can improve targeting by 
forming more focused VTA at the cathode. Vertical bipolar settings can effectively enlarge the VTA at the anode 
without activating the side-effect areas surrounding the cathode. Using a DBS electrode with smaller vertical 
electrode spacing is beneficial for restricting VTAs to the GPi, while a larger vertical spacing can be used to capture 
more dorsal regions of the pallidum. 
[figure1] 

 

1157 
Time-Frequency analysis of Gait-EEG signals for freezing of gait in a PD patient 
Y. Zhang, J. Li (beijing, China) 
Objective: We used Gait-EEG to simultaneously record the three-axis acceleration and EEG during a PD patient’s 
timed-up-and-go (TUG) task, aimed to accurate identify and detect the freezing of gait (FOG) episodes and 
investigate the dynamic EEG changes in real time associated with freezing. 
Background: FOG is a common gait deficit in PD patients, FOG episodes may lead to fall and reduce patients’ 
quality of life. Ambulatory EEG is able to track the underlying physiological changes throughout the brain in real 
time during turning, which is known to be the most provocative trigger for FOG. However, to analyze the EEG 
changes for FOG, it is necessary to accurately detect the exact onset time and ending time of FOG during walking 
task. 
Methods: A patient diagnosed with idiopathic PD with significant FOG, was assessed by video-recorded TUG task 
in the ”MED off” state following overnight withdrawal of dopaminergic therapy, using wearable Gai-EEG (figure 1) 
to simultaneously record the three-axis acceleration and scalp EEG. FOG onset during turning was identified and 
detected by the acceleration recording，the time-frequency analysis of EEG data was applied to investigate the 
dynamic EEG changes in real time, comparing episodes of pre, during and post FOG. 
Results: We can confirm the FOG onset and ending time point during turning based on the acceleration recording, 
and divide the TUG process into five periods: sitting, rising, walking forward(pre-FOG), turning(FOG) and 
returning(post-FOG)（figure 2). High energy in low gamma and beta bands were found in the partial region during 
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pre-FOG and FOG periods, the energy peak of the beta band were also found during the pre-FOG and FOG periods 
in the power spectrum, and the beta energy spectrum intensity in pre-FOG period was significant higher than that of 
in the post-FOG(figure 3). The increased power spectrum intensity of beta band was found in the left frontal-parietal 
region at the beginning of pre-FOG and the whole FOG period , and also found in the right frontal parietal region 
during the post-FOG peroid(figure 4A), which not found in gamma band (figure 4B). 
Conclusions: We found the partial region was more affected during a turning FOG, significant changes in beta band 
were found before FOG occurring when the patient was about to execute turning movements. It’s able to reflect 
actual gait planning whilst turning, which may provide valuable information for the prediction of FOG. 
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1158 
Effectiveness of exome sequencing in Parkinson’s disease of Chinese population 
Y.W. Zhao, H.X. Pan, L. Jiang, Y. He, Q. Zeng, X.T. Zhou, X.X. Zhou, L.X. Qin, Y. Tian, Z.Q. Wang, Q.Y. Sun, Q. 
Xu, J.C. Li, J.F. Guo, X.X. Yan, B.S. Tang (Changsha, China) 
Objective: The aim of this study was to evaluate rare damaging variants in disease-causing gene of Parkinson’s 
disease (PD) and other movement disorders, and to assess the effectiveness of exome sequencing in PD of Chinese 
population. 
Background: Recent years have witnessed a fast development of next-generation sequencing in PD, which 
indicated that PD had a high genetic load; however, the genetic diagnostic yield has not been fully and 
systematically evaluated in China. 
Methods: We performed multiplex ligation-dependent probe amplification assay and whole-exome sequencing on 
1,670 unrelated patients with PD in Chinese population, including 204 autosomal recessive patients (ARPD), 269 
autosomal dominant patients (ADPD), and 1,197 early-onset PD patients (age of onset < 50, EOPD). 
Results: We found 66 (32.35%), 27 (10.03%), and 95 (7.94%) patients carry rare damaging variants (RDV) of 
known PD disease-causing genes in ARPD, ADPD, and EOPD cohorts, respectively. Moreover, additional 20 
(10.3%), 30 (11.2%), and 141 (11.8%) patients carry RDV of disease-causing genes of movement disorders (such as 
dystonia, neurodegeneration with brain iron accumulation, primary familial brain calcification, Wilson's disease) in 
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ARPD, ADPD, and EOPD cohorts, respectively. Furthermore, patients with RDV of disease-causing genes in PD 
and other movement disorders have significantly lower age of onset (p < 0.001), suggesting early-onset of 
Parkinsonism have a stronger hereditary component. 
Conclusions: Our results provided a better understanding of the genetic spectrum of PD in Chinese population and 
indicated early onset and familial PD patients yield more genetic diagnosis. 

1159 
Discriminative power of different olfactory domains in Parkinson’s disease 
Y.W. Zhao, R.C. He, J.X. Yang, Y. Zhang, X.T. Zhou, X.X. Zhou, L.X. Qin, Y. Tian, Z.Q. Wang, Q.Y. Sun, Q. Xu, J.C. 
Li, J.F. Guo, X.X. Yan, B.S. Tang (Changsha, China) 
Objective: The aim of this study was to evaluate which kind of olfactory domain was the best in discriminating PD 
patients from controls, and to explore the relationship between olfactory deficit and other manifestations in Chinese 
population. 
Background: Olfactory deficit was one of the non-motor symptoms which may precede motor symptoms in 
Parkinson’s disease (PD), and olfactory functions mainly contained three olfactory domains, including threshold 
domain, discrimination domain and identification domain, which could be tested by Sniffin’ Sticks. 
Methods: Sniffin’ Sticks, which included olfactory threshold, discrimination and identification tests (TDI), were 
conducted in 500 PD patients and 115 controls. Furthermore, data collection included demographic information and 
clinical manifestations. (See Table.1 and Table.2) Logistic regression modeling and the receiver operator 
characteristic (ROC) curve analysis were used to compare discriminative power of different models. 
Results: In the single olfactory model, the identification test showed the largest area under the ROC curve (0.818), 
followed by threshold test (0.731) and discrimination test (0.723). The combination of TDI (0.828) was slightly 
better than single identification test. When combined with other features, the TDI score were slightly better than 
identification test score in differentiating PD patients from controls. (See Fig.1) In PD patients, age and cognition 
together explained 13.3% of the variance of the threshold score, while age, cognition and gender accounted for the 
40.2% explained variance of the discrimination score, while cognition, age, ability of daily living and gender 
together interpreted 36.1% of the variance of the identification score. (See Table.3) 
Conclusions: Our results indicated the identification domain was the most practical olfactory factor in 
differentiating PD patients, and the combination of several different manifestations were better than single symptom. 
Furthermore, olfactory identification score may be associated with ability of daily living. 
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1160 
Factors associated with dyskinesia in Parkinson’s disease in Mainland China 
X. Zhou, L.F. Fang, X.T. Zhou, X.X. Zhou, Y.W. Zhao, L.X. Qin, Y. Tian, Z.Q. Wang, Q.Y. Sun, Q. Xu, J.C. Li, J.F. 
Guo, X.X. Yan, B.S. Tang (changsha, China) 
Objective: To identify the association between dyskinesia and related risk factors, the medication dosage range 
considered safe and treatment-related variables.To identify the association between dyskinesia and related risk 
factors, the medication dosage range considered safe and treatment-related variables. 
Background: Currently, levodopa is a compensation for dopamine loss, remains the gold standard of treatment. 
However, with disease progression and longer exposure to levodopa, patients develop a range of motor 
complications, including dyskinesia that negatively impact quality of life and impose a significant economic burden. 
Several factors have been associated with the development of dyskinesia[1, 2]. However, the results from published 
studies have been inconsistent, and racial differences exist[3]. 
Methods: We consecutively collected 1974 patients with parkinson’s disease(PD) during the period between 
February 2017 and June 2018 in different regions of Mainland China. Each patient was diagnosed with clinically 
established PD or clinically probable PD by at least two experienced neurologists according to International 
Parkinson and Movement Disorder Society (MDS) diagnostic criteria. All patients subsequently underwent 
extensive neurological assessments performed by experienced investigators in movement disorders who were 
specifically trained before the evaluation. PD patients with (n = 275) and without (n = 275) dyskinesia were 
stratified into 4 groups according to levodopa equivalent dose (LED). A prospective study of 87 patients with 
dyskinesia was classified into 3 groups according to the duration from onset of PD to the initiation of levodopa. 
Results: Young age of onset, long disease duration, female, high LED, low UPDRS III scores (ON-state) and high 
Hoehn-Yahr stage (ON-state) were predictors of dyskinesia. Dyskinesia was levodopa dosage-dependent, and the 
incidence increased remarkably when LED exceeded 300 mg/d. The emergence of dyskinesia had no association 
with the initiation time of levodopa, and if the latter was more than 4 years, the duration of time on chronic levodopa 
free of motor complications was significantly shortened. 
Conclusions: We found risk factors for the prediction of dyskinesia. Physicians should be cautious if the LED 
exceeds 300 mg/d. The development of dyskinesia was not correlated with the time of levodopa initiation. 
References: 1. Bjornestad, A., E.B. Forsaa, K.F. Pedersen, O.B. Tysnes, J.P. Larsen, and G. Alves, Risk and course 
of motor complications in a population-based incident Parkinson's disease cohort. Parkinsonism Relat Disord, 2016. 
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22: p. 48-53. 2. Zhang, Y.H., B.S. Tang, C.Y. Song, Q. Xu, M.X. Lou, Z.H. Liu, R.H. Yu, X.X. Yan, and J.F. Guo, 
The relationship between the phenotype of Parkinson's disease and levodopa-induced dyskinesia. Neurosci Lett, 
2013. 556: p. 109-12. 3. Cilia, R., A. Akpalu, F.S. Sarfo, M. Cham, M. Amboni, E. Cereda, M. Fabbri, P. Adjei, J. 
Akassi, A. Bonetti, and G. Pezzoli, The modern pre-levodopa era of Parkinson's disease: insights into motor 
complications from sub-Saharan Africa. Brain, 2014. 137(Pt 10): p. 2731-42. 

1161 
The Chinese Parkinson’s disease Registry scheme 
X.T. Zhou, X.X. Zhou, Y.W. Zhao, L.X. Qin, Q. Xu, Y. Tian, L.J. Fang, Z.Q. Wang, Q.Y. Sun, J.C. Li, J.F. Guo, X.X. 
Yan, B.S. Tang (Changsha, China) 
Objective: This large prospective longitudinal cohort aims to identify nature history of a highly-presentative 
Chinese PD population and to discern clinical and genetic markers which indicates disease progression. 
Background: Parkinson's disease (PD) is a clinically and genetically neurodegenerative disease which characterized 
by motor symptoms and nonmotor symptoms. Long-term treatment strategy for different individuals, including 
pharmacies, behavioral and surgical therapy may complicate its natural history. 
Methods: The Chinese Parkinson’s disease Registry (CPDR) was carried out from February 2017 and will 
prospectively collect information every year in the following 10 years. Clinically esablished PD and probable PD 
were consecutively recruited according to the Movement Disorder Society Clinical Diagnostic Criteria for PD. Data 
were collected at baseline and 12±1 month. All the participants are scanned by structural MRI to exclude obvious 
intracranial lesions and other parkinsonism such as MSA, PSP and WD. Information of demographic information, 
living habits and toxic exposure history were recorded at baseline. The Unified Parkinson's Disease Rating Scale 
(UPDRS) is conducted for motor assessment, all the patients are evaluated in “OFF” state. The clinical stage of PD 
is assessed by Hoehn and Yahr scale. The non-motor symptoms are evaluated by Autonomic Symptoms, Functional 
Constipation Diagnostic Criteria Rome III, PDQ-39, Parkinson’s Disease Sleep Scale, Epworth Sleepiness Scale, 
RBDQ-Hongkong, Cambridge Hopkins Restless Leg syndrome questionnaire, Mini Mental State 
Examination, Hyposmia Rating Scale, Hamilton Depression Scale, PD fatigue severity scale. Motor complications 
were evaluated by Wearing-off questionnaire-9, new freezing gait questionnaire scores and UPDRS IV. DNA 
samples extracted from peripheral blood and all the PD patients will be examed by Whole Exome Sequencing or 
Whole-genome sequencing. 
Results: From 01 February 2017 to 31 December 2018, 3223 consecutive PD patients were recruited which 
compromised the CPDR cohort. 946 PD patients accomplished the first follow-up according to the scheme. 
Conclusions: CPDR is a large prospective longitudinal cohort aims to identify nature history of Chinese PD which 
paves way for understanding the natural history and clinical and genetic markers for PD. 

1162 
Characteristics and correlative factors of autonomic dysfunction in Chinese Parkinson’s disease 
Z. Zhou, L.P. Zhu, X.T. Zhou, X.X. Zhou, Y.W. Zhao, L.X. Qin, Y. Yang, L.J. Fang, Y. Tian, Z.Q. Wang, Q.Y. Sun, Q. 
Xu, J.C. Li, J.F. Guo, X.X. Yan, B.S. Tang (ChangSha, China) 
Objective: To study the clinical features and correlative factors of AutD in Chinese PD. 
Background: Autonomic dysfunction (AutD), which is defined as dysfunction of the autonomic nervous system, is 
one of the most common non-motor symptoms (NMS) in Parkinson’s disease (PD). AutD has been regarded to be a 
crucial factor that affects mobility and disease progression in PD. 
Methods: A large cohort of 2047 PD patients consecutively recruited between February 1, 2017 and November 11, 
2018 were enrolled. The assessment of AutD was performed by scale for outcomes in PD for autonomic symptoms 
(SCOPA-AUT). Motor symptoms (MS) and NMS were evaluated by a series of scales. 
Results: 1.We found that urinary system dysfunction with prevalence of 74.01%, was the most common symptom 
of AutD in Chinese PD patients, followed by gastrointestinal dysfunction (71.32%), thermoregulatory disorders 
(43.97%), cardiovascular system dysfunction (22.42%), sexual dysfunction (17.91%) and pupillomotor 
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dysregulation (17.90%). 2. Compared to PD without AutD, patients with AutD had older age, higher proportion of 
male, older onset age, longer disease duration, higher H&Y stage, severer motor complications and more other NMS 
(p<0.05). 3. Age (OR=1.054, 95% CI: 1.027-1.083), disease duration (OR=1.096, 95% CI: 1.014-1.185), Non-Motor 
Symptoms Scale (NMSS) score (OR=1.053, 95% CI: 1.035-1.072) and Rapid Eye Movement Sleep Behavior 
Disorder (OR=3.794, 95% CI: 1.752-8.215) were related to AutD in Chinese PD. 
Conclusions: The large-scale study is of great significance for providing a clinical overview and clues for etiology 
of AutD in Chinese PD patients. 

1163 
Clinical features of constipation in patients with Parkinson's disease: a cross-sectional study in China 
L.P. Zhu, X.T. Zhou, Z. Zhou, L.J. Fang, X.X. Zhou, Y.W. Zhao, L.X. Qin, Y. Tian, Z.Q. Wang, Q.Y. Sun, Q. Xu, J.C. 
Li, J.F. Guo, X.X. Yan, B.S. Tang (ChangSha, China) 
Objective: This study was designed to explore the clinical features of constipation, and investigate the risk factors 
of constipation in Chinese PD patients. 
Background: Constipation is one of the earliest non-motor symptoms in PD, with a median prevalence of 40% to 
50%,which may occur earlier than PD motor symptoms for 20 years. It’s also one of the important markers of 
prodromal PD. To study the clinical features of constipation in PD will make great significance for early diagnosis 
and treatment of PD. 
Methods: We collected data of outpatients and inpatients with PD of our hospital from February 01, 2017 to April 
30, 2018. All patients in this study met the standard of clinically established PD or clinically probable PD in the 
2015 MDS and 2016 Chinese clinical diagnostic criteria for Parkinson's disease. 2440 patients were included in the 
PD constipation analysis. PD patients were collected general demographic data、present history, past history, 
personal history, environmental factors and LEDD, evaluated UPDRS, H-Y stage, WOQ-9, NFOG-Q, MMSE, 
NMSS, SCOPA-AUT, Rome Ⅲ functional constipation diagnostic criteria, RBDQ-HK, ESS, PDSS, HRS, HAMD 
and PDQ39. SPSS 20.0 software was used to analyze those clinical data. 
Results: 1. PD patients with constipation had longer duration, higher LEDD, higher incidence of motor 
complications, more severe motor symptoms and NMS (p<0.05), those same as PD patients with constipation after 
motor symptoms. 2. Low BMI (p<0.001, OR=0.934), long disease duration (p=0.003, OR=1.037), old age (p<0.001, 
OR=1.040), high rigidity scores (p<0.001, OR=1.056), high H-Y stage (p<0.001, OR=1.337), voiding dysfunction 
(p<0.001, OR=1.048), high RBDQ-HK scores (p<0.001, OR=1.021), high HAMD score（p<0.001, OR=1.044）
and low HRS scores (p<0.001, OR=1.044 ) were risk factors for constipation in PD patients, high tremor scores 
(p=0.010, OR=0.962) was a protective factor for PD constipation. 
Conclusions: Long disease duration, older age, high rigidity scores, high H-Y stage, voiding dysfunction, hyposmia, 
RBD, and depression were risk factors for constipation in PD. 

1164 
Levodopa Induced dyskinesia in patients with Parkinson’s disease and polymorphisms gene DRD3 dopamine 
receptor 
I. Zhukova, N. Zhukova, E. Kolupaeva, S. Ivanova, M. Nikitina, O. Izhboldina, I. Mironova (Tomsk, Russian 
Federation) 
Objective: The aim of this study was to investigate the association between two DRD3 gene single-nucleotide 
polymorphisms (SNPs) and the development of LID in patients with PD. 
Background: Parkinson's disease (PD), a common neurodegenerative disorder. Levodopa-induced dyskinesia (LID) 
is common side effect of Levodopa (L-DOPA) treatment. LID developed in a third of patients during the first two 
years of treatment. 
Methods: 140 Caucasian patients with PD were assessed: 90 (65%) are women and 50 (35%) are men. The age of 
patients ranged from 44 to 83 years, the average age was 71.4±7.6 years. The age of onset of the disease averaged 
59.3±8.5 years. The duration of the disease at the time of the survey was 12.2±4.8 years. 72 patients (51.4%) 
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received levodopa medications. 
Evaluation of LID was performed using the Abnormal Involuntary Movement Scale (AIMS). Genotyping was 
carried out on two SNPs of the DRD3 gene (rs9817063 and rs167770)  using a real-time PCR method. 
Results: The study found that the frequency of occurrence of the AG genotype (rs9817063) in patients with LID is 
52.5%. These patients have low AIMS values. The frequency of AA genotype (rs9817063) in patients with LID is 
25%, which is significantly higher than in other groups. It was also found that patients with LID and the AA 
genotype (rs9817063) have the highest overall AIMS scores and more severe dyskinesias in the limbs and torso. The 
AG (rs167770) genotype in patients with LID is found in 37% of cases. In this group, patients have lower severity of 
pathological involuntary movements in the limbs and torso, as well as lower overall values on the AIMS scale than 
patients with the AA genotype (rs167770). The frequency of occurrence of this genotype was 61%. Patients with 
LID and the AA genotype (rs167770) had higher overall AIMS values and more severe dyskinesia in the limbs and 
trunk than in patients in the other studied groups. 
Conclusions: Thus, it was established that with rs9817063 and rs167770 polymorphisms of the dopamine receptor 
gene DRD3 in patients with PD and AA genotype, the likelihood of LID is higher than in patients with other 
genotypes. Patients with PD and AA genotype without dyskinesias are at risk, as it is impossible to deny the 
possibility of dyskinesias in these patients in the future. 

1165 
Ambroxol treatment of primary macrophages derived from patients with GBA-associated Parkinson's 
disease 
A. Kopytova, M. Nikolaev, K. Senkevich, G. Baydakova, I. Miliukhina, E. Zakharova, S. Pchelina (Gatchina, 
Russian Federation) 
Objective: The aim was to evaluate the effectiveness of the restoration of GCase activity in macrophages from 
GBA-PD patients using pharmacological chaperone ambroxol. 
Background: Mutations in the GBA gene lead to a deficiency of glucocerebrosidase (GCase) enzymatic activity 
and to the development of Gaucher disease (GD) which belongs to lysosomal storage diseases. At the same time 
GBA mutations increase the risk of Parkinson's disease (PD) in 7-8 times. It was discussed in recent years that 
pharmacological chaperones could potentially enhance GCase activity and therefore could be used for GD and 
GBA-PD treatment. One of the most promising molecule is ambroxol. This drug is currently undergoing first 
clinical trial targeting patients with GBA-associated PD (GBA-PD). 
Methods: Mononuclear fraction was isolated from whole blood of GBA-PD patients (with mutations in GBA gene: 
N370S (n=3) and with L444P (n=3)) and healthy controls (n=5). With subsequent differentiated into macrophages 
using RPMI supplemented with 10% bovine serum, 1% streptomycin-penicillin and 10 ng/ml M-CSF for 4 days, 
with daily media changes. GCase enzymatic activity and concertation of lysosphingolipids - hexosylsphingosine 
HexSph (GlcSph+GalSph) were measured by liquid chromatography with tandem-mass spectrometry (LC-MS/MS) 
in dry macrophage cell spots on filter paper with the concentration of 2x10^6 cells/ml. Macrophages were treated 
with final concentration concentrations of ambroxol hydrochloride 50 µM. 
Results: We evaluated the effects of ambroxol treatment on GCase activity. In our study, we showed an increase of 
GCase activity in macrophages derived from GBA-PD patients with ambroxol 56,80 (29,35 – 115,14) mmol/l/h 
compared with cells without ambroxol 19,52 (8,30-27,67) (p<0.001). We also shown the decrease of HexSph 
concentration in macrophages from GBA-PD patients with presence of ambroxol 31,68 (19,73 – 37,92) ng/ml 
compared with cells without ambroxol 48,26 (32,15 – 86,66) ng/ml (p=0.015). 
Conclusions: Ambroxol increases GCase activity and decrease lysoscphingolipids concentration in primary 
macrophages from GBA-PD patients. We propose that ambroxol should be further investigated as a potential drug 
for PD treatment. Macrophage culture is suitable for screening of new potential GCase pharmacological chaperones. 
The study was supported by RSF № 17-75-20159 
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1166 
Relationship of cognitive processing speed with postural stability in non-demented Parkinson's disease 
patients 
J. Andreo Jover, A. Arroyo Ferrer, P. López Serrano, J. Periañez, M. Rios-Lago, G. Lubrini, J.P. Romero Muñoz 
(Madrid, Spain) 
Objective: To measure in PD patients with normal cognitive screening the clinical and instrumental measures of 
postural stability (PS) and analyze their relationship with cognitive processing speed (CPS) measured with 
computerized a reaction time task (RT). 
Background: Balance alterations in PD are late manifestations but with implicit great morbidity. It is usually 
assessed through the pull test maneuver of MDS-UPDRS III, this technique is subjective and has shown low 
correlation with the risk of falls [1]. PS is determinant for the staging of patients on the HY scale [2]. Some studies 
suggest that cognitive functions may be related to walking and the degree of motor involvement [3]. 
Methods: 20 controls and 30 PD were recruited (no differences in age, sex and education years). Most PDs were 
located in stage II of the HY, with an average MDS-UPDRS III of 14.5. All the participants performed MoCA (no 
differences either), stability limits measured through the Biodex® platform and four computerized RT task with an 
increasing level of cognitive requirement with a previous purely motor task using the same system. 
Results: There were no differences between the 2 groups in the motor test p= 0.25. There was no relationship 
between the different RT tasks and the stability limits in control group, but there was an statistical significant 
relationship between all RT tasks and stability limits in PD patients. Surprisingly there was also a significant 
relationship between all the different RT tasks and postural stability evaluation through the pull test of MDS-
UPDRS III [table 1] 
Conclusions: CPS is directly related to PS in PD. The measurement of the CPS could be used as a screening to 
further perform an instrumental posturography in order to detect an increased risk of falls. Cognitive measurements 
should be considered to complement HY staging. 
References: 1 Munhoz, R. P., et al. (2004). Evaluation of the pull test technique in assessing postural instability in 
Parkinson’s disease. Neurology, 62(1), 125-127 2 Götz., et al. (2004). “Movement Disorder Society Task Force 
report on the Hoehn and Yahr staging scale: status and recommendations”. Movement disorders, 19 (9), 1020-8. 3 
Pal,G., et al. (2016). Global cognitive function and processing speed are associated with gait and balance 
dysfunction in Parkinson’s disease. Journal of neuroengineering and rehabilitation, 13(1), 94. 

 

1167 
Prevalence of Neurodegenerative movement disorders in different clinical Practices of Hyderabad, Pakistan 
M. Arain (Jamshoro, Pakistan) 
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Objective: The main objective of current study was to determine the rate of prevalence of neurodegenerative 
movement disorders at different clinical practices in Hyderabad, Pakistan. 
Background: All the body movements are controlled by neurons of brain. Therefore, Neurodegenerative diseases 
are affect different brain parts progressive that may leads to the improper functioning of nerve cells that control the 
body movements. These neurodegenerative diseases include Alzheimer’s disease (AD), Parkinson‘s disease, 
Huntington diseases, multiple system atrophy, essential tremor, myoclonus and Hereditary Spastic Paraplegia 
Methods: This is an observational and cross-sectional study. All the patients between 18-80 years of age were 
included for a period of six months. A total of 200 patients were enrolled who visited at 10 different locations of 
Hyderabad. The data includes the patient and disease information were recorded in the data sheet. 
Results: Majority of male patients (71%) were reported as compared with female (29%) during this study and the 
average age of patients are around 65 years. The most prevalent Neurodegenerative movement disorders were 
Parkinson's disease (24%) followed by chorea (17%) and essential tremor (16%). Autonomic complications such as 
feeling anxious (65%), nocturia (38%) and Low mood and feeling sad(37%), whereas urinary urgency was stated by 
29% of patients, memory problems (53%), and Feeling of light-headedness was observed by 52% of patients. The 
most common problem related to sleep are insomnia (34%).In Motor symptoms mostly muscle stiffness (62%) was 
reported in patients. 
Conclusions: Parkinson’s disease is more prevalent in our population. Autonomic complications anxious and Motor 
symptoms like muscle stiffness are more common in Neurodegenerative movement disorders. In future, these types 
of studies will be conducted to evaluate the relationship of various factors with Neurodegenerative disease and 
movement disorders. 

1168 
Sustained release triple drug loaded Microbaloons for management of Parkinson’s Disease 
S. Bhargava (Prayagraj, India) 
Objective: It is hypothesized that a drug delivery system that provides controlled and sustained release of PD drugs 
would afford better management of PD. Hollow Microbaloons composed of PMMA(polymethyl methacrylate) and 
poly (caprolactone) (PCL) are prepared through a modified double-emulsion technique. They are loaded with three 
PD drugs, i.e., levodopa (LD), carbidopa (CD), and entacapone (ENT), at a ratio of 4:1:8. 
Background: Parkinson’s disease (PD) is well-known as a progressive and degenerative disease of the nervous 
system. The degeneration of dopaminergic neurons in the substantia nigra, and a reduction in the amount of the 
neurotransmitter dopamine available in the striatum relate symptoms of this disease. 
Methods: Microbaloons were prepared through a double emulsion (W1/O/W2) solvent evaporation method with 
modifications to produce hollow Microbaloons. Microbaloons were then spray coated along with ENT. The 
Microbaloons were analyzed for size distribution and zeta potential using Zetasizer. Shape and surface morphology 
were studied using SEM. Transmission electron microscope (TEM) was used as a visualizing aid for particle 
morpholgy. The average particle size and polydispersity index were determined by optical microscopy using a 
calibrated occulometer, drug entrapment, CLSM, Buoyancy tests and in-vitro drug release was studied. 
Results: LD and CD are localized in both the hollow cavity and PMMA/PCL shell, while ENT is localized in the 
PMMA/PCL shell. Release kinetics of hydrophobic ENT is observed to be relatively slow as compared to the other 
hydrophilic drugs. It is further hypothesized that encapsulating ENT into PCL as a surface coating onto these 
Microbaloons can aid in accelerating its release. Now, these spray-coated hollow Microbaloons exhibit similar 
release kinetics, according to Higuchi’s rate, for all three drugs. 
Conclusions: The results suggest that multiple drug encapsulation of LD, CD, and ENT in gastric floating 
Microbaloons could be further developed for in-vivo evaluation for the management of PD. 

1169 
Movement disorders associated with intracranial and extracranial artery diseases 
N. Choi, K.W. Park, S. Jo, S.J. Chung (Seoul, Republic of Korea) 
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Objective: To investigate the characteristics and prognosis of movement disorders caused by intracranial and 
extracranial artery diseases. 
Background: Intracranial and extracranial artery diseases may cause movement disorders such as chorea, dystonia, 
myoclonus, tremor, and parkinsonism. The incidence of post-stroke movement disorders is known to be 1%, but 
cerebrovascular diseases represent up to 22% of all secondary movement disorders. However, there has been limited 
information about movement disorders associated with large intracranial and extracranial artery diseases. 
Methods: We retrospectively analyzed 7 patients who developed movement disorders caused by intracranial and 
extracranial artery diseases among 2,259 patients included in movement disorders video registry at Asan Medical 
Center between January 2014 and January 2019. 
Results: The incidence of movement disorders due to intracranial and extracranial artery diseases was 0.31% (7 out 
of 2,259 patients). Our patients presented with monochorea (n=1), hemichorea (n=4), hemidystonia (n=1) and limb-
shaking movement disorders (n=1). On neuroimaging, four patients had the focal stenosis or occlusion in the middle 
cerebral artery opposite to the symptoms, one patient had extracranial internal carotid artery stenosis and two 
patients had moyamoya disease. Four patients had ischemic lesions, which were located in the basal ganglia (n=2), 
watershed cortical/subcortical areas (n=1) and temporal cortex (n=1). Two patients showed chronic and progressive 
movement disorders, and five patients had acute movement disorders. In one patient with moyamoya disease, 
hemichorea was improved by surgical treatment. Two patients had persistent movement disorders (1 hemichorea and 
1 hemidystonia) after appropriate treatments. 
Conclusions: Hemichorea was the most frequent movement disorders caused by intracranial and extracranial artery 
diseases, which may be persistent after treatments. 

1170 
MEMs-based Measurement and Classification System of Tremors in Parkinson Disease using MDS-UPDRS 
Scale as a Parameter 
A. Delatorre, J. Marques (Florianópolis, Brazil) 
Objective: The aim of this paper is to present a study of a device to measure and algorithms to classify tremors in 
Parkinson's disease (PD) in order to aid both the early and the confirmatory diagnosis of the disease, attributing 
values to motor symptoms and using the concept of Internet of Things Technology. 
Background: Several studies showed that wearable inertial sensors used for assessing PD motor symptoms could 
provide a quantitative and reliable tool for monitoring the motor performance [1-5]. Notwithstanding, there is no 
commonly used system capable to register and evaluate the tremor data and to make the connected care for PD. 
Methods: The device is composed of a 6 DoF inertial sensor placed on the index finger of test subjects. This device 
was used for measuring the amplitude and frequencies of the subjects’ hand tremors. The device, then, sent the 
collected data via WiFi through I2C protocol communication. All signals were directly sent to a database in a PC by 
a local internet connection created on this device. The goal was that the test subject performs four MDS-UPDRS 
tasks while the devices captured hand-movement information during the clinical assessment as described in MDS-
UPDRS scale. We used the Fast Fourier Transform of the test tremor as a mean to identify its most relevant 
frequencies [5-6] it was also used passband and smooth filtering so that the signal is presented in a clear way for the 
diagnoser. In order to categorize the tremors - as in whether they are of PD origin or not – by the implementation of 
a statistical algorithm classification. 
Results: The preliminary results show that the proposed system is capable of collecting and processing signal 
tremor data. Furthermore, the system’s application interface shows the objectively-measured characteristics of the 
hand tremor and classify it whether it is PD related or not 
Conclusions: The preliminary results provide important indication that the system can transform the way 
technology is used for PD evaluation, since it is an integrated device with a user-friendly interface for the diagnoser 
to use. Moreover, this is a low-cost device with an 6-hours long battery autonomy which is capable of performing 
objective, quantitative measurements of hand tremors. As such, we hope that its implementation as an auxiliary tool 
for the neurologist’s diagnoses of PD helps make them more precise and less susceptible to subjective errors 
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1171 
Technology-based assessment of motor impairment in de novo Parkinson’s disease patients: implications for 
diagnostic accuracy and early identification of distinct phenotypes 
G. Di Lazzaro, M. Ricci, T. Schirinzi, G. Saggio, N.B. Mercuri, A. Pisani (Rome, Italy) 
Objective: 1. To study motor functions in de novo drug-free Parkinson's disease (PD) patients and healthy controls 
(HC) and find an algorithm able to distinguish these two populations even in early phases of the disease. 2.To early 
discriminate disease subtypes measuring selected, specific features from gait, posture, agility and coordination tasks. 
Background: Currently, the diagnosis of PD is based on clinical evaluation and diagnostic certainty is impossible 
during life. A growing body of literature focused on technology-based objective measures (TOMs) of motor 
functions in PD patients, in order to support clinical evaluation, especially in later stages of the disease. However, 
there are few available data collected in the very early disease stage. 
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Methods: 30 newly diagnosed, drug-free PD patients and 29 age and sex-matched HC were consecutively enrolled. 
They underwent neurologic examination and were assessed with UPDRS part II and III, Hoehn and Yahr staging, 
MMSE. Then, they performed 5  motor tasks selected from UPDRS III (rapid alternating hand movement – RAHM-
, foot tapping -FT, heel-to-toe test -HTT-, timed-up-and-go test -TUG-, pull test -PT- respectively corresponding to 
items 3.6, 3.7, 3.8, 3.10, 3.12) wearing inertial sensors (-figure 1), to evaluate bradykinesia, gait and postural 
impairment. Several features from each task were analyzed. 
We chose Naïve Bayes, k-Nearest-Neighbor (kNN), and Support Vector Machine (SVM) classifier. Combining the 
results from ReliefF and Kruskal–Wallis, we selected the top features as the input vector to the classifiers. 
Results: We identified two algorithms respectively to distinguish PD from HC and to identify different clinical 
phenotypes taking into account features from bradykinesia items, PT and TUG, with excellent accuracy 
(respectively 95% and 92% -figure 2 and 3). 
Conclusions: Our algorithm proved to be able to distinguish de novo drug-free PD patients from HC with good 
accuracy, in early phases of the disease, when clinical diagnostic accuracy may not be optimal. In addition, we were 
able to differentiate apparently similar PD phenotypes, by measuring selected, specific features, such as gait, 
posture, agility and coordination tasks. Our data suggest that this approach could represent a novel tool for clinicians 
in improving diagnostic accuracy for a population of fragile patients. 
References: E. Tolosa, G. Wenning, W. Poewe, The diagnosis of Parkinson’s disease., Lancet Neurol. 5 (2006) 75–
86. doi:10.1016/S1474-4422(05)70285-4. M.A. Thenganatt, J. Jankovic, Parkinson disease subtypes, JAMA Neurol. 
71 (2014) 499–504. doi:10.1001/jamaneurol.2013.6233. A.J. Espay, P. Bonato, F. Nahab, W. Maetzler, F. Horak, 
A.E. Lang, R. Reilmann, Technology in Parkinson disease: Challenges and Opportunities, Mov Disord. 31 (2017) 
1272–1282. doi:10.1002/mds.26642.Technology. 
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1172 
Analysis of brain-derived blood exosomes for diagnostics of synucleinopathies 
S. Dutta, I. Rosario, K. Paul, J.-A. Palma, S. Perlman, W. Poon, H. Kaufmann, B. Fogel, J. Bronstein, B. Ritz, G. 
Bitan (Los Angeles, CA, USA) 
Objective: Here, we aimed to determine if measuring of α-synuclein concentration in these vesicles from 
oligodendrocytes and neurons can distinguish between patients with MSA or PD from healthy controls and between 
MSA and PD patients. 
Background: Synucleinopathies are a group of neurodegenerative diseases characterized by aggregation and 
deposition of α-synuclein (α-syn) in different brain cells. Diagnosis of different synucleinopathies is challenging due 
to overlapping complex clinical phenotypes. Till date the clinical diagnosis of these disorders are typically made 
upon physical observations of motor symptoms. However, the overlapping symptoms, at an early stage, often leads 
to misdiagnosis. Therefore, reliable biomarkers to identify and distinguish different synucleinopathies is an urgent 
public health need. 
Exosomes are nano vesicles shed by most cells, carrying cell- and cell-state specific biomolecules, thus provides a 
rich source of biomarkers. Recently, α-synuclein was shown to transfer from cell to cell via exosomes suggesting 
that measuring α-synuclein in different brain cell-derived exosomes could serve as a potential window to monitor 
brain pathologic processes. 
Methods: Totalserumexosomes from50 healthy individuals, 30 patients with MSA and 50 patients with PD were 
isolated, and enrichment of neuronal and oligodendroglial exosomes was achieved by selective immunoprecipitation 
(IP). Capture of exosomes on beads following IP was determined using FACS, western blotting and Tunable 
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Resistive Pulse Sensing (TRPS) analysis. Highly sensitive electrochemiluminescence ELISA was used to measure 
α-Synuclein concentration. 
Results: High concentrations of α-synuclein was detected in exosomes from patients with MSA and PD than in 
healthy controls. The α-synuclein concentration in oligodendroglial and neuronal exosomes separated MSA and PD 
groups moderately but the ratio between oligodendroglial and neuronal exosomal α-synuclein separated the two 
disease groups with 90.0% sensitivity and specificity. 
Conclusions: Measurement of α-Synuclein in oligodendroglia and neuron-derived blood exosomes could be a 
sensitive biomarker for distinguishing patients with MSA from healthy controls and from patients with PD and the 
method can be further extended to other neurodegenerative diseases. 

1173 
Modeling the Effect of Patient's Perception of Non-Motor and Motor Function on Parkinson's Disease 
Severity 
C. Goetz, S. Luo, G. Stebbins (Chicago, IL, USA) 
Objective: To develop optimal models of patients' perception of non-motor and motor function on objectively 
measured Parkinson's disease (PD) severity. 
Background: There is increased interest from clinical and regulatory bodies in the voice of the patient and its 
relationship to clinician administered measures of PD disease severity.  Understanding the specific self-reported 
non-motor and motor functional impairments that contribute to PD severity is important to treatment 
efforts.   Optimal model development addresses this question in an agnostic method. 
Methods: The validated International MDS-UPDRS Translation database was used, providing complete 
examinations on 6684 persons from 19 languages(n=6,684). Patient reported functional impairment in non-motor 
(Part 1) and motor (Part 2) domains were used to model overall PD severity as measured of the clinical examination 
from the MDS-UPDRS (Part 3). Automatic Linear Modeling using an All Possible Subset - Best Model algorithm 
was used based on minimization of the Akaike Information Criterion. The resultant optimal model was replicated 
using the Overfit Prevention Criterion (OPC). Significance of item contribution was set at p < 0.05. 
Results: The optimal model for non-motor functional impaired was significant (F= 211.436 [10,6662], p < 0.0005) 
with 10 items identified as significantly important (in order of importance): Urinary Function, Cognitive 
Impairment, Constipation, Hallucinations and Psychosis, Fatigue, Apathy, Depression, Daytime Sleepiness, Pain, 
and Light Headedness. The optimal model for motor functional impairment was also significant (F= 487.468 
[13,6659], p < 0.0005) with 13 items identified as significantly important (in order of importance): Tremor, Walking 
and Balance, Get Out of Bed, Hygiene, Handwriting, Turn in Bed, Speech, Eating, Saliva and Drooling, Freezing of 
Gait, Dressing, Chewing and Swallowing, and Hobbies. Of the two models, the patient's perception of motor 
function was superior to their perception of non-motor function according to AIC values (34,356.445 vs 
36,973.152). OPC indicated successful replication for both models. 
Conclusions: Patient's perception of non-motor and motor function can successfully model PD severity as rated by 
examiners. These results demonstrate the linking of self-reported non-motor and motor function to objectively 
determined PD motor severity. 

1174 
A Neuroscientific approach for MCI Characterization using a Motor and Cognitive Dual-Task 
G. Mancioppi, F. Fiorini, M. Timpano Sportiello, E. Rovini, F. Cavallo (Pontedera, Italy) 
Objective: To investigate the relationship between cognition and motion skills, through an innovative technological 
tool able to quantify gait parameters, while providing for a Motor and Cognitive Dual-Task. 
Background: Although gait has been traditionally considered as an automatic motor activity, which does not 
require significant control from cortical structures and high cognitive process, it has been recently rethought as a 
complex task that involves several cognitive abilities. These insights occurred from the increased use of Cognitive 
and Motor Dual-Task paradigms, by the growing interest in the use of wearable sensors. 
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Methods: 8 healthy controls (HC), 16 MCI patients (9 p-MCI and 7 np-MCI) were instrumented with a wearable 
inertial sensor placed on the dominant foot (SensorFootV2) [Figure 1]. Participants were asked to complete 30 
minutes of normal-paced walking, while they have to perform a task, which engage the sustained attention ability. 
Subjects were requested to hear a repeated acoustic signal and to detect tone variations in that sequence. In 
correspondence of tone changing, the subjects should reply with a precise movement of the hip joint [1]. Inertial 
signal processing in spatiotemporal domain allowed to extract 8 kinematic parameters, i.e. number of steps, stride, 
stance swing, relative stance, angular acceleration, cadency. Mann-Whitney U test was applied to distinguish 
between p-MCI and np-MCI. Kruskal-Wallis test was conducted to outline differences among the two MCI groups 
and the HOA groups. Furthermore, a Principal Components Analysis (PCA) was applied to underline the similarity 
and differences among the three groups. 
Results: Subjects with different cognitive profile, n-MCI and np-MCI, show significant differences in relevant gait 
parameters. Particularly, the results of this research show a significant statistical difference between MCI with and 
without planning impairment. 
Conclusions: This study aims to shed light on the relationship between motor and cognitive sphere, by adopting a 
neuroscientific-based standpoint. For this reason, we adopt alternative criteria for MCI characterization, defined on 
the basis of latter neuroimaging studies on the combination of cognitive and motor activity to better address the 
topic. 
References: [1] Zimmermann, P., & Fimm, B. (1995). Test battery for attention performance (TAP). Psytest, 
Wuerselen, Germany. 

 

This article is protected by copyright. All rights reserved.



1175 
The Genetic Landscape of Complex Childhood-Onset Hyperkinetic Movement Disorders 
B. PEREZ DUENAS, M. KURIAN, V. LEUZZI, K. PEALL, R. PONS, R. DALE, E. DE GRANDIS, S. YILMAZ, J. 
COBBEN, R. GUERRINI, E. SHERIDAN, P. VIEIRA, J. UUSIMAA, P. MUNOT, F. MUNTONI, M. SMITH, S. 
MOHAMMED, E. MEYER, J. NG, A. PAPANDREOU, H. BAIDE, F. DANTI, A. MACAYA, J. ORTIGOZA, K. 
GORMAN (barcelona, Spain) 
Objective: To better delineate the genetic landscape and key clinical characteristics that define complex early onset 
monogenic hyperkinetic movement disorders (HMD). 
Background: Hyperkinetic movement disorders (HMD) encompass a broad spectrum of both inherited and acquired 
conditions that are frequently associated with significant childhood motor disability. Accurate terminology for 
different hyperkinetic movements in children is essential, not only to facilitate communication between 
professionals, but also to aid identification of the underlying aetiology, and selection of appropriate medical 
therapies. 
Methods: Fourteen internationally-based neuropediatric centres contributed patients with genetic complex 
childhood-onset HMD. Participating clinicians completed standardised research proformas capturing demographic, 
clinical and genetic data. Two pediatric movement disorder experts reviewed available video footage and classified 
hyperkinetic movements according to established criteria. 
Results: 143 patients with seventeen genetic defects causing HMDs, both recessive (DDC, DHPR, PTPS, SLC6A3, 
SPR, TH, MICU1 and PDE10A) and dominant genes (ADCY5, ATP1A3, FOXG1, GCH1, GNAO1, KMT2B, 
NKX2-1, SGCE, SLC2A1) were identified. In the majority, HMD were generalized (111/143, 78%) with most 
patients manifesting more than one type of HMD (108/143, 75%). Parkinsonism-dystonia was characteristic of 
neurotransmitter defects; chorea predominated in ADCY5, ATP1A3, FOXG1, NKX2-1, SLC2A1, GNAO1 and 
PDE10A-related disorders; stereotypies were prominent in FOXG1 and GNAO1-related disease. Patients with 
generalized hyperkinesia and developmental delay had a significantly earlier onset than those with focal/segmental 
distribution (4.7±0.7 vs. 2.4±0.3 years, p=0,001) and normal neurodevelopment ((1.5±2.9 vs 4.7±3.8 years, 
p<0.001), respectively. Gene-specific effective treatments included dopaminergic agents (neurotransmitters 
disorders), ketogenic diet (Glut1) flunarizine (ATP1A3) tetrabenazine (GNAO1) and deep brain stimualtion (SGCE, 
KMT2B and GNAO1-related HMD). 
Conclusions: This study delineates the complex movement disorder phenotype and associated features of children 
with HMD of genetic origin. We propose a pragmatic decision-making algorithm to guide physicians in the rational 
genetic investigation of patients with suspected genetic HMD, to facilitate prompt diagnosis, precise treatment and 
future genetic counselling. 

1176 
The study on brain function network of Parkinson's disease with depression 
Y. Qiu, L. Wang (Guangzhou, China) 
Objective: To investigate the topological properties and abnormal connections of the networks in Parkinson’s 
disease (PD) patients with depression (DPD) 
Background: Depression is one of the the most common non-motor symptoms in patients with PD.However, the 
pathogenesis is still unclear. 
Methods: Forty-five patients with PD and twenty-five healthy subjects(HCs) were enrolled. According to DSM-IV 
criteria, PD patients are divided into DPD group and non-depression group(NDPD). All participants were performed 
rs-fMRI scan. The differences in the topological properties were analyzed based on the theory of complex network, 
while the differences of connections in brain functional networks were by network based statistical analysis (NBS). 
Results: (1) All of the groups had the "small world" attribute, but there was no significant statistical difference 
among the groups. (2) DPD group had multiple missing hub nodes in the temporal lobe, mainly in the key brain 
areas of auditory and visual pathways. (3)The brain areas with abnormal node efficiency in the DPD group were 
mainly concentrated in the prefrontal and temporo-occipital lobes. (4) Compared with the NDPD group, DPD group 
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showed abnormal reduced connections among multiple brain regions in the prefrontal, temporal lobes and 
subcortical limbic system, but only increased connections between individual brain regions, mainly located between 
the occipital lobe and the prefrontal lobe, the occipital lobe and the posterior cingulate gyrus. The above brain 
regions with abnormal local attributes and functional connections were mostly located in the default mode network 
(DMN), central executive network (CEN) and salience network (SN), as well as the key nodes of auditory and visual 
pathways. 
Conclusions: Information transmission of DPD brain network still maintained the optimal balance between local 
optimization and global integration, but information transmission among local brain regions were limited. Abnormal 
function of key brain regions in DMN, CEN and SN and damage of the integrity of the circuits might be the key 
pathophysiological basis for DPD. Meanwhile, the auditory and visual dysfunction might be prevalent in DPD, and 
abnormalities in the relevant brain regions might play a key role in the functional integration of DPD brain 
networks. However, the causal relationship between the auditory and visual dysfunction and DPD should be 
clarified in further studies. 

1177 
Motor-based assessment of prodromal Parkinson’s disease combining wearable sensors and machine learning 
E. Rovini, A. Moschetti, L. Fiorini, D. Esposito, C. Maremmani, F. Cavallo (Pontedera, Italy) 
Objective: To provide the neurologist with a decision support system based on inertial sensors and learning 
algorithms for an objective early diagnosis of Parkinson’s disease (PD) analysing motion. 
Background: Disabling motor and non-motor symptoms characterize PD since its development in prodromal phase. 
Even if PD diagnosis is still mainly based on motor assessment, researches are focusing also on non-motor deficits. 
Among them, idiopathic hyposmia (IH), a reduced olfactory sensitivity, is a PD preclinical marker and affects >95% 
of PD patients. 
Methods: 15 healthy controls (HC), 15 IH people, and 15 PD patients were instrumented with two wearable inertial 
devices, i.e. SensHand [1] and SensFoot [2][Figure 1], for acquiring motor data from upper and lower limbs. Their 
motion was recorded while they performed ten tasks of the MDS-UPDRS III. Inertial signal processing in 
spatiotemporal and frequency domains allowed to extract 142 kinematic parameters from analysis of both right and 
left sides. The statistically significant and uncorrelated features were selected to classify the different groups. 
Performances of a Random Forest (RF) classifier were evaluated on two-group (HC vs. PD) and three-group (HC vs. 
IH vs. PD) classification, and considering upper and lower limbs separately or the four limbs together as a full 
system. 
Results: The best performances were achieved using the full system configuration. Excellent results were obtained 
for HC vs. PD classification (1.00 accuracy), and also including IH subjects as a third group (0.91 accuracy) [Figure 
2]. 
Conclusions: The system results suitable to support an objective PD diagnosis. Furthermore, combining motion 
analysis with a validated olfactory screening test [3], people at risk for PD can be analyzed, and subtle changes in 
motor performance that characterize the prodromal phase and the early PD onset can be identified. 
References: [1] F. Cavallo, et al. (2019) Upper limb motor pre-clinical assessment in Parkinson's disease using 
machine learning. Parkinsonism Relat Disord https://doi.org/10.1016/j.parkreldis.2019.02.028 [2] E. Rovini, et al. 
(2018) Comparative motor pre-clinical assessment in Parkinson's disease using supervised machine learning 
approaches Ann Biomed Eng 46(12):2057-68 [3] C. Maremmani, et al. (2018) Combining olfactory test and motion 
analysis sensors in Parkinson’s disease preclinical diagnosis: A pilot study Acta Neurol Scand 137:204–11 
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1178 
New Neuropathological Staging System for Lewy Body Disease 
J. Toledo, L. Walker, J. Trojanowski, I. McKeith, J. Attems (Houston, TX, USA) 
Objective: Present the validation of the new proposed novel staging system (NSS) for Lewy body disease and 
compare it against the previously proposed staging systems. 
Background: Several staging criteria have been previously proposed for the neuropathological classification of 
cases with deposition of α-synuclein in the form of Lewy related pathology (LRP). The previously developed 
neuropathological staging criteria, like the 2005 Newcastle-McKeith Dementia with Lew bodies (DLB) criteria and 
the 2003 Braak LRP staging system, led to a large number of cases not being classified when applied to a varied 
sample of neuropathological cases with LRP and to some cases fitting more than one category in some instances. 
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Methods: We uploaded scanned slide images for 34 cases to an online server. Nine regions were included and a 
panel of 18 international experts semi-quantitatively rated each of the slides and classified each case based on the 
Newcastle-McKeith DLB 2005 third report criteria, the Braak 2003 criteria, the Leverenz 2008 criteria, the Unified 
Staging System criteria and the new proposed NSS to these cases. Multiple inter-rater agreement was estimated 
Cronbach α and confidence intervals were bootstrapped. In addition, we retrospectively applied the criteria to a 
sample of 204 cases with LRP to evaluate the percentage of cases not classified by each of the systems in a large 
representative sample of cases from a clinical brain bank. 
Results: Inter-rater agreement for semi-quantitative scores for each of the evaluated areas mostly fell between the 
0.70 and 0.80 range. Median percentage of unclassified cases in the prospective sample was 0% for the NSS, 
whereas for the other staging systems it ranged between 3-26%. In the retrospective analysis all cases were also 
classified by the NSS, whereas for the other staging systems up to 58.3% of the cases were not classified. The NSS 
also achieved one of the highest inter-rater agreements for the classification into the different staging systems. 
Conclusions: The new criteria classified showed overall the best combination of classification of cases and inter-
rater agreement of all the available LRP classification systems. They are also based on a dichotomous evaluation of 
the pathology, which simplifies the rating procedure. All these characteristics make the proposed system an easy 
implementable and reliable system to evaluate LRP in future studies. 

Rating Scales 

1179 
Puzzle resolution as cognitive test in Parkinson´s disease patients 
C. Borrue-Fernandez, D. Santos-García, J. Pagonabarraga, B. Pascual-Sedano, M. Mata, c. STUDY GROUP 
(Madrid, Spain) 
Objective: To analyze the value of puzzle resolution for cognitive testing in Parkinson´s disease patients. 
Background: Cognitive decline and dementia are common among Parkinson disease (PD) patients. Those could be 
mild and early detection requires multiple testing that take time and need trained neuropyscologists.Our aim is to 
evaluate the puzzle resolution as a tool for screening patients that need a further exhaustive evaluation. 
Methods: Data were obtained from the baseline evaluation of COPPADIS -2015 cohort. We use a 16 pieces puzzle 
and we measure the number of pieces well placed at 5 minutes. We used the Parkinson´s Disease Cognitive Rating 
Scale ( PD-CRS) . We defined mild cognitive impairment and dementia based on the literature. 
Results: In comparison to the control group less patients solved the puzzle and they also place less pieces correctly. 
By groups you can also see that at the dementia group less subjects placed pieces well and less  solved the puzzle 
than in the mild cognitive impairment or control groups Those patients thet solved the puzzle in less than five 
minutes had normal performances at the PD-CRS. 
Conclusions: Puzzle resolution could be use as a quick cognitive screening test in PD patients.Subjects able to solve 
it in less than 5 minutes are unlike to suffer cognitive impairment.This work has been previously presented at 
Neurololgical Spanish Society Annual Meeting 2018 in Seville. 

1180 
Initial Validation of the Cortical Basal ganglia Functional Scale (CBFS) in two international, multicenter 
cohorts: 4RTNI and PROSPECT 
A. Boxer, P. Wang, H. Morris, G. Stebbins, A. Lang (San Francisco, CA, USA) 
Objective: To assess the validity of a patient/caregiver-reported scale for assessing functional disability in 4R 
tauopathies. 
Background: 4R tauopathies (4RT) including progressive supranuclear palsy (PSP), corticobasal degeneration 
(CBD) and non-fluent variant primary progressive aphasia (nfvPPA) manifest a wide range of overlapping motor, 
behavioral, language and cognitive clinical phenotypes. No available clinical rating scale is capable of evaluating the 
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functional impact of these complex disorders, particularly in the context of disease modifying treatment trials 
directed at common pathogenic mechanisms. 
Methods: The CBFS was initially developed for CBD given the broad clinical heterogeneity associated with this 
pathology, overlapping other 4RT syndromes. The scale is composed of 12 Motor, 13 
Language/Cognitive/Behavioral and 6 Other Non-Motor Experiences of Daily Living questions.  Baseline data for 
38 healthy controls and 68 CBD (CBS), 65 PSP-Richardson’s Syndrome (PSP-RS), 15 nfvPPA, 14 unspecified 
Atypical Parkinsonism and 18 MSA patients from the North American, 4R Tauopathy Neuroimaging Initiative 
(4RTNI) or the UK PROgressive Supranuclear Palsy CorTico-Basal Syndrome MSA Longitudinal (PROSPECT) 
Study.  Internal consistency was examined using Cronbach’s α and criterion validity was examined by correlation 
with UPDRS, PSP Rating Scale, SEADL, FTLD-Clinical Dementia Rating Scale sum of boxes (FTLD-CDRsb), 
MoCA and Neuropsychiatric Inventory Questionnaire (NPI-Q) scores.  Two week test retest reliability was 
examined in 25 participants. 
Results: Diagnostic groups were similar in age (69.0±8.9 years), gender distribution (female, 52.2%) and education 
(15.6±2.5 years).   Internal consistency was excellent (Cronbach’s α=0.94).  CBFS scores were strongly correlated 
(p≤ 0.001) with PSPRS (r=0.77), followed by SEADL (rho=0.74), UPDRS (r=0.70), FTLD-CDRsb (r=0.63), MoCA 
(r=0.43) and NPI-Q (r=0.42).  CBFS score was elevated in all patient groups as compared to controls 
(p<0.001).  CBFS score was lower in nfvPPA as compared to PSP-RS (p=0.004).  Test retest reliability was high 
(ICC =0.965). 
Conclusions: The CBFS has excellent clinimetric properties and captures disability correlated with motor, cognitive 
and psychiatric impairment. If sensitive to longitudinal change, this may be an ideal endpoint for clinical trials. 

1181 
MDS-UPDRS Part III predictors of Part II Item Scores in PPMI 
J. Cedarbaum, Z. Xiao, M. Yang (Cambridge, MA, USA) 
Objective: To identify the items in Part III of the MDS-UPDRS scale that are predictive to Part II items in early PD 
patients. 
Background: It is well known that MDS-UPDRS part II and part III total scores are significantly correlated with 
each other. However, neither individual item-level correlations have nor the ability of items in Part III to predict part 
II of MDS-UPDRS have been reported. PPMI is an ongoing observational study that enrolled 423 treatment-naïve 
PD subjects at entry. MDS-UPDRS is measured at Baseline and every 3 months in the first year and every 6 months 
afterwards. 
Methods: Data were download from the PPMI in June 2017. Month 24 MDS-UPDRS data were analyzed using a 
multivariate regression model with each MDS-UPDRS part II item score as the response, and all the MDS-UPDRS 
part III item scores and baseline demographics (age, gender, PD type of TD/PIGD, years since disease onset) as 
predictors. Backward selection and LASSO methods were used to identify the part III items that are statistically 
important predictive to each part II item. 
Results: Data from the 342 of the 423 PD patients in the study who had MDS-UPDRS scores at Month 24 were 
used in the analyses. The most frequently selected predictors from Part III items are: 3.1 Speech; 3.3 b/c/d/e 
Rigidity; 3.9 Arising from chair; 3.13 Posture; 3.14 Global spontaneity of movement. Dressing, Walking and 
Getting out of Bed were among the Part II ADL associated with the most predictors from Part III. Analyses results 
from the LASSO method, or using baseline data, are generally consistent with the backward selection method 
results. 
Conclusions: Different sets of items in Part III of MDS-UPDRS were found to be predictive to different part II 
item. Walking and Getting out of bed may be great candidates for overall measures of ADL as they are significantly 
affected by multiple underlying symptoms such as rigidity, posture instability and tremor items in Part III. 
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1182 
Characteristic Parkinsonism Questionnaire for the Discrimination of Parkinson’s Disease Dementia from 
Vascular Dementia 
P.Y. Chiu (Changhua, Taiwan) 
Objective: We have designed a characteristic 8-item parkinsonism questionnaire for the screening of motor 
dysfunction due to Lewy body dementia (LBD). We aim to test the effectiveness for the discrimination of motor 
dysfunction due to Parkinson’s disease dementia (PDD) from vascular dementia (VaD). 
Background: Motor dysfunction is the striking feature for both Parkinson’s disease (PD) and cerebral vascular 
disease (CVD). However, detailed information of motor symptoms for the discrimination of the two diseases is 
difficult to be acquired. 
Methods: This study is a retrospective analysis of the project History-based Artificial Intelligent Clinical Dementia 
Diagnostic System (HAICDDS). A consecutive series of patients with PDD or VaD were analyzed and compared. In 
their demographical, clinical, neuropsychological, motor, and neuroimaging characteristics. 
Results: A total of 743 participants were analyzed, included 218 PDD and 525 VaD. Compared with VaD, PDD 
showed higher frequency in the first 6 parkinsonism symptoms of the questionnaire (all p < 0.001) and the last 
symptom (monotonic and hypotonic speech, p = 0.037). However, the 7th symptom (easily falling in the early stage, 
p = 0.309) was not different between two groups. A cut-off score of 2/3 of total score was suggested for the 
discrimination of PDD from VaD (sensitivity 0.858; specificity 0.625; AUC 0.809). Whereas, if the 7th and 8th 
symptoms were replaced with questions regarding the history of cerebrovascular disease (CVD) and the temporal 
relationship of dementia and CVD, a cut-off score of 2/3 of newer total score was found better for the discrimination 
of PDD from VaD (sensitivity 0.835; specificity 0.855; AUC 0.923). 
Conclusions: This study revealed that a simple characteristic parkinsonism questionnaire was clinically effective for 
the discrimination PDD from VaD. It deserves attention that a relative high prevalence (37.5%) of LBD like motor 
dysfunction were found in VaD patients which might rise the possibility of mixed pathologies in these patients. 
References: Dahodwala, N., Siderowf, A., Baumgarten, M., Abrams, A., & Karlawish, J. (2012). Screening 
questionnaires for parkinsonism: a systematic review. Parkinsonism & related disorders, 18(3), 216-224. 

1183 
Community Home Care Nurses Training for Parkinson Disease 
S.T. Chua, L.W. Li, H.L. Ng, L.T. Tan (novena, Singapore) 
Objective: To audit the training program for PD community home care nurses for the period from Nov 2015 to Dec 
2018. 
Background: To better support Parkinson disease (PD) patients in the community, a trained PD nurse from a 
tertiary hospital has been providing home care to PD patients to enhance co-ordination of care in the community. In 
view of the increasing patient load, training home care nurses from community-based organizations with relevant 
PD knowledge and management skills is imperative to enable such care to be provided at the community 
level.  Participants of our training program would be equipped through specialist clinic attachments, home visit 
attachments, PD symposium attendance, e-learning program, monthly multi-disciplinary rounds and provision of a 
PD reference book. 
Methods: Multiple choice question (MCQ) assessment was administered pre and post-training to analyse if 
participants’ PD knowledge improved after the training program.  The MCQ assessment comprised 25 questions on 
Parkinson knowledge with one mark allocated for each correct answer.  A program evaluation questionnaire was 
also administered to participants after completion of the training. 
Results: A total of 24 registered nurses were trained under this program. 17 Nurses completed both pre and post-
MCQs, while 18 participants completed the evaluation forms. 
The mean score for the MCQ pre-test was 15.47 (SD ± 1.42) and post-test was 19.35(SD±2.42). Participants 
significantly improved in their PD knowledge after training (P<0.001). 
Of the 18 evaluations received on the training program, 17 (94%) agreed that the content of the training was relevant 
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to their clinical practice, 17 (94%) felt that the training program was effective, 16 (89%) agreed that home-visit 
attachments were relevant, and 16 (89%) felt that there were opportunities for hands-on practice. The majority (17, 
94%) acknowledged that the trainer was knowledgeable and demonstrated expertise in PD. 17 (94%) participants 
felt that they had a better understanding on PD management, while 16 (89%) participants felt confident to manage 
PD patients in their practice. 
Conclusions: Overall, this training program was beneficial to the participants and was successful in expanding the 
pool of community care nurses who provide care to PD patients. 

1184 
Predicting the impact of Parkinson’s disease on a patient’s gait: the potential of innovative approaches based 
on instrumented clinical tests 
C. Duval, K. Lebel, E. Goubault, S. Bogard (Montréal, QC, Canada) 
Objective: To investigate the potential to predict the impact of the patient’s symptomatology on his ability to walk. 
Specifically, we (1) formed clusters of performance during walking based on the evaluation of patients and healthy 
controls; and (2) we developed and validated a multinomial regression model to predict the performance group 
membership based on the patient’s condition. 
Background: Symptomatology of patients living with Parkinson’s disease can now be assessed using inertial 
measurement units (IMUs). The resolution offered by this type of assessment combined with the possibility to be 
performed on a regular basis without the presence of a neurologist motivated the development of innovative signal 
processing and analytical approaches to derive a clinical portrait. 
Methods: 107 patients with PD and 69 controls equipped with a full-body inertial measurement system performed a 
timed up and go (TUG). Performance was assessed using the time required to complete the task. K-means method 
was used for clustering the overall performance. Each participant also underwent a clinical evaluation of their 
symptoms, as well as anthropometric measures were taken. Change point analysis was used to determine at which 
value a specific symptom had an impact on the performance group. A multinomial regression model was then 
derived using 80% of the patients’ data, and validated with the remaining 20%. 
Results: Preliminary results reveal the presence of three performance groups: normal TUG, those slightly affected 
during a TUG, and those greatly affected. The change point analysis allowed to reduce each variable to 2 levels. The 
statistical model revealed that a BMI greater than 25.4 increased the risk of being in the slightly affected group. The 
presence of freezing as well as an age greater than 76 increased the risk of being greatly affected, while bradykinesia 
also tended to increase that risk. The current model allowed us to classify correctly 81% of the patients, based on 
their symptomatology and anthropometric measures. 
Conclusions: This type of approach allows to make the most out of a useful, but complex set of information. This 
specific case is considered a step forward towards the ability to predict, from a clinical evaluation, the impact of the 
personalized clinical profile on the patient’s gait. 

1185 
Development of a patient-reported Botulinum Toxin Response Scale (BTRS) for neurological disorders: a 
feasibility study. 
D. Gupta, C. Gao, S. Pullman (Burlington, VT, USA) 
Objective: To assess the feasibility of developing a patient-reported Botulinum Toxin Response Scale (BTRS) for 
different neurological conditions. 
Background: Botulinum toxin (BoNT) is a highly effective symptomatic intramuscular therapy for treatment of a 
diverse group of disabling neurological disorders[1]. In the absence of any patient-reported scale for capturing 
improvement in symptoms and disability from BoNT treatment, current clinical practice of asking patients to recall 
this information clinic is limited and suffers from incomplete recall and recall bias. In addition, there is increasing 
evidence on the need for a more flexible patient-centered inter-injection interval of BoNT treatments[2], the 
development of which requires a patient-reported scale. 
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Methods: Based on literature review of currently available clinical and patient-reported scales for application of 
botulinum toxin in dystonia, spasticity, blepharospasm and hemifacial spasm, as well as expert opinion (SP), a 
preliminary version of the BTRS was developed [figure1]. The BTRS was designed as a simple patient-reported 
scale for assessing severity of patients’ motor symptoms, non-motor symptoms and overall disability in preceding 
seven days. Subsequently, patients receiving BoNT treatment for neurological conditions were invited to participate 
in semi-structured interviews for capturing their responses on conventionally expected time course of benefit from 
BoNT treatment [figure2] and to fill BTRS on the day of injection visit in clinic. 
Results: A total of 28 patients (14 men and 14 women) with different diagnoses [table1] participated in the study. 
Patients’ responses varied widely on different questions pertaining to the expected time course of benefit from 
BoNT treatment [table2] and on the BTRS [table3]. The majority (26 out of 28, 92.9%) patient agreed that BTRS 
will potentially be a useful scale to them and / or their clinicians. 
Conclusions: The results of this study support the need of developing the BTRS as a potentially useful patient-
reported scale for improving the clinical practice of BoNT for neurological disorders. 
References: 1. Simpson DM, Hallett M, Ashman EJ, Comella CL, Green MW, Gronseth GS, Armstrong MJ, Gloss 
D, Potrebic S, Jankovic J. Practice guideline update summary: Botulinum neurotoxin for the treatment of 
blepharospasm, cervical dystonia, adult spasticity, and headache Report of the Guideline Development 
Subcommittee of the American Academy of Neurology. Neurology. 2016;86(19):1818-26. 2. Wissel J. Towards 
flexible and tailored botulinum neurotoxin dosing regimens for focal dystonia and spasticity–Insights from recent 
studies. Toxicon. 2018;147:100-6. 

 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

 

1186 
An Informant-based Simple Questionnaire for Executive Function Assessment in Dementia with Lewy Bodies 
and Alzheimer’s Disease 
Y.S. Liang, G.U. Hung, C.Y. Wei, P.Y. Chiu (Changhua, Taiwan) 
Objective: The aim of this study was to investigate and compare executive dysfunction by using a newly designed 
informant-based simple questionnaire among patients with DLB and Alzheimer’s disease (AD). 
Background: Executive dysfunction is essential for the diagnosis of dementia with Lewy bodies (DLB). However, 
executive dysfunction is difficult to be acquired from clinical history. 
Methods: This is a retrospective analysis of data from a project of history-based computerized dementia diagnostic 
system. Executive dysfunction and other clinical information of normal control (NC), patients with mild cognitive 
impairment (MCI), DLB, and AD were analyzed and compared. 
Results: A total of 714 individuals were studied, including 99 NC, 148 MCI, 128 DLB, and 339 AD. The total score 
of executive dysfunction questionnaire is highest in DLB (3.7±2.2), followed by AD (2.7±2.0), MCI (0.4±0.7), and 
NC (0.1±0.3). Compared to NC or MCI, AD/DLB showed significantly higher total score and a cut-off score of 1/2 
of total score was suggested for the discrimination of NC/MCI from AD/DLB (sensitivity 0.722; specificity 0.972; 
AUC 0.909). Total scores of our simple questionnaire had good reverse correlation with the mental manipulation 
subscore of the Cognitive Abilities Screening Instrument (CASI) in different stages of dementia. 
Conclusions: Our study showed that the executive function questionnaire was a practical tool to discriminate 
dementia patients with either DLB or AD from non-demented elderly. This rapid screening tool can be applied in 
clinical practice as well as in bedside to detect executive dysfunction in dementia. 
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1187 
MDS Translation Program for MDS-UPDRS and UDysRS 
S. Luo, N. LaPelle, P. Martin, C. Goetz, G. Stebbins (Durham, NC, USA) 
Objective: To summarize the status of the MDS-sponsored translation programs for non-English versions of the 
MDS-UPDRS and UDysRS. 
Background: The MDS-UPDRS and UDysRS were developed in English, but international multicenter clinical 
trials of new treatments for Parkinson’s disease and dyskinesia require recruitment of non-English study subjects 
and raters. Official, clinimetrically validated translations of these scales assure uniform application across languages 
and cultures. 
Methods: Under the direction of an administrative team, non-English language teams volunteer to develop a 
translation and back-translation of the MDS-UPDRS and UDysRS. A Cognitive Pre-Testing phase allows 
refinement of the scale to ensure that questions and response options are clear and comfortable for patients and 
raters.  The resultant version is field tested across a large native-language speaking patient population (350 for 
MDS-UPDRS and 250 for UDysRS).  Pre-specified criteria based on Comparative Fit Index must be met in order to 
establish a given version as an Official MDS-approved Translation. 
Results: As of Feb 28, 2019, 21 non-English language teams are participating in the translation programs.  Nineteen 
non-English Official Translations of the MDS-UPDRS have been approved:  Chinese (Simplified), Chinese 
(Traditional), Dutch, Estonian, French, German, Greek, Hebrew, Hungarian, Italian, Japanese, Korean, Polish, 
Portuguese, Russian, Slovak, Spanish, Thai, and Turkish. For the UDysRS, 14 Official Translations have been 
approved: Chinese (Traditional), French, German, Greek, Hebrew, Hungarian, Italian, Japanese, Korean, 
Portuguese, Russian, Slovak, Spanish, and Turkish. The MDS-UPDRS has six programs in full field testing (Arabic, 
Czech, Danish, Hindi, Romanian, and Serbian) and the UDysRS has seven programs in full field testing (Arabic, 
Danish, Dutch, Finnish, Polish, Romanian, and Serbian). Other languages at earlier phases of the program include 
Norwegian, Swedish and Urdu (MDS-UPDRS) and Chinese (Simplified), Urdu, and Estonian (UDysRS). 
Conclusions: The MDS-sponsored Translation Program for the MDS-UPDRS and UDysRS has developed a 
systematic protocol for validation of non-English versions to aid clinicians in practice as well as foster multicultural 
utilization of these scales for studies of Parkinson’s disease and dyskinesia. 
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1190 
Differential Item Functioning in the Unified Dyskinesia Rating Scale (UDysRS) based on Duration of 
Parkinson’s Disease and Dyskinesia 
X. Ren, J. Lin, S. Luo, C. Goetz, G. Stebbins, E. Cubo (Houston, TX, USA) 
Objective: To assess differential item functioning (DIF) in the Unified Dyskinesia Rating Scale (UDysRS) to 
determine if the duration of Parkinson’s Disease (PD) and/or duration of dyskinesia substantially bias any item 
scores. 
Background: Assessing DIF is a core validation step for rating scales. If DIF is present in an item, interpretation of 
the item must consider influences from the tested covariates. In this study, DIF occurs if item-score probability 
among patients with similar levels of dyskinesia differ by the duration of PD and/or duration of dyskinesia. DIF can 
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be uniform (covariates have consistent levels of influence on item-score across all levels of dyskinesia) or non-
uniform (covariates have varying levels of influence on item-score across different levels of dyskinesia). 
Methods: Using UDysRS translation databases (N=2,313), both uniform and non-uniform DIF from duration of PD 
and/or duration of dyskinesia were tested. Unidimensionality of UDysRS was first confirmed using confirmatory 
factor analysis and requiring the Confirmatory Fit Index (CFI) > 0.90 with Root Mean Square Error Approximation 
(RMSEA) < 0.10. DIF analysis was conducted using two independent latent models: the iterative hybrid ordinal 
logistic regression/item response theory (graded response model) approach implemented in R package lordif and the 
MIMIC model. DIF in an item was confirmed if both methods independently identify DIF at a significance level 
determined using a Bonferroni correction for multiple comparisons. McFadden pseudo R^2 was used to measure 
clinical relevancy (DIF magnitude) for items identified with DIF with the following cutoff points: 
<0.035=negligible, 0.035-0.07=moderate, >0.07=large. An item with DIF was considered to be clinically relevant if 
it exceeded the negligible rating. These procedures were repeated using the interaction between PD duration and 
dyskinesia duration. The combined impact of multiple items identified with DIF were examined using the 
differential test function (DTF) index. 
Results: Most items did not show DIF based on PD and dyskinesia duration. For all items where DIF was identified, 
the magnitude statistic showed negligible effect. 
Conclusions: The absence of significant DIF suggests the UDysRS can effectively measure dyskinesia severity 
without influence from the duration of PD and the duration of dyskinesia. 

1191 
Validation of the Clinical Dementia Rating Scale Sum of Boxes in Parkinson’s Disease 
J. Rick, S. Xie, E. Mamikonyan, B. Deck, S. Rudovsky, A. Chen-Plotkin, N. Dahodwala, J. Morley, J. Duda, J. 
Trojanowski, D. Weintraub (Philadelphia, PA, USA) 
Objective: To assess the psychometric properties of the Clinical Dementia Rating Scale Sum of Boxes (CDR-SOB) 
in Parkinson’s disease (PD) across levels of cognitive abilities. 
Background: Increasing attention is being given to cognitive impairment, including mild cognitive impairment 
(MCI) and dementia.  However, in PD, the field remains limited by the large number of cognitive rating scales used 
in different studies.  In addition, the diagnostic criteria for PD dementia (PDD) require the presence of both 
cognitive deficits and a functional impairment, yet the PD field lacks a single measure that assesses both. The 
Clinical Dementia Rating Sum of Boxes (CDR-SOB) is a composite tool that is widely used in Alzheimer’s disease 
research and which the FDA considers a tool to assess disease progression and a candidate for a single primary 
efficacy end point in MCI studies. 
Methods: Patients with idiopathic PD enrolled in an observational, longitudinal study of cognition at the University 
of Pennsylvania were recruited with their informants.  They were administered the CDR-SOB close in time to their 
regular research visit, which includes global and domain-specific neuropsychological testing and functional 
questionnaires. 
Results: 102 patients (normal cognition [NC]=40, MCI=40, PDD=22) and their informants completed the CDR-
SOB and additional testing (mean difference between test dates = 109 days).  The CDR-SOB total score was 
significantly correlated with the MoCA and Mattis Dementia Rating Scale (r’s=0.8, p’s<0.05), and the CDR-SOB 
sub-scores all correlated with the corresponding domain-specific neuropsychological or functional measure (all p’s 
<0.05).  All CDR-SOB sub-scores significantly distinguished between PD-NC and PDD.  Also the memory and 
judgment sub-scores, and the total instrument score, significantly distinguished between PD-NC, PD-MCI, and PDD 
(all p’s<0.05).  Finally, there was high sensitivity and specificity for the instrument in distinguishing between PD-
NC and PDD (AUC=0.94). 
Conclusions: The CDR-SOB is a sensitive and specific instrument for dementia screening in PD.  Additional 
research is needed to provide further support of the CDR-SOB as a composite measure of cognitive and functional 
impairment in PD clinical trials. 
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1192 
Association between the side of onset and the motor and non-motor symptoms in Parkinson's Disease 
J. Silva, R. Guimarães, A. D'Abreu (Campinas, Brazil) 
Objective: Study the relation between the side of onset of the motor symptoms in Parkinson's Disease(PD) and 
motor and non-motor symptoms considering the dominant hand. 
Background: It's known that the beginning of motor symptoms in Parkinson's Disease(PD) is asymmetric.It's 
unclear if the side of onset influence the motor and non-motor symptoms progress in PD and even less known how 
the dominance side may be related to the evolution of the disease. 
Methods: It was a cross-sectional study.We included 120 patient with PD and classified them into two groups: one 
group that presented side of onset at right and another group at left.All of them were submitted by clinical 
scales:SCOPA-COG,SCOPA-PC,NMSS,and UPDRS.Information about sex, age, medical history and time with the 
disease were also collected.A general linear model (GLM) was applied to analyze the relation between the side of 
onset and score's scales as the independent controlling for age, sex, time with disease and hand 
dominance(p<0,05).However, only 10 left handed were found during the study, so we performed a GLM including 
just the right-handed ones. 
Results: The average age was 61.7±10,57 years and the average time of disease was 9,29 ± 6.8 years.69 % were 
men.Sixty-seven patients(55,8%) presented the first symptom on the right side, and fifty-three(44,16%)on the left. 
From the total sample of 120 patients, 110(91,6%) were left-handed and only 10 (8,4%) were right-handed.There 
was a larger proportion of the side of onset ipsilateral to hand dominance both left-handed and right-handed 
(Figure1).A GLM was applied to assess the relatio between scales scores from and side of onset as the independent 
controlling for age, sex, time of disease and hand dominance(p<0,05)only for the right-handed patients because 
there are only 10 left handed and the analysis about them was not possible(Table1). 
Conclusions: The side of onset did not seem to influence the motor and non-motor symptoms in PD in right-
handed.The most important limitation was the low number of left-handed,therefore the relation between the disease 
evolution and the left-handed still is unclear.Besides that, a trend was also observed showing a higher prevalence the 
side of onset ipsilateral to dominance side in both right-handed and left-handed.Future studies should include more 
left-handed individuals and applied a longitudinal evaluation to deepen the knowledge about this group in PD. 
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1193 
Validation of the Hebrew version of the Unified Dyskinesia Rating Scale (UDysRS) 
A. Socher, A. Thaler, H. Shabtai, J. Zitser, T. Shainer, M. Kestenbaum, A. Rosenberg, A. Bar David, A. Ezra, T. 
Taichman, M. Brozgol, T. Herman, G. Stebbins, C. Goetz, S. Luo, P. Martinez-Martin, N. Giladi, T. Gurevich (Tel 
Aviv, Israel) 
Objective: To assess the clinimetric properties of the Hebrew version of the UDysRS. 
Background: Dyskinesia is a common side effect of dopaminergic treatments for Parkinson's disease (PD). The 
Unified Dyskinesia Rating Scale (UDysRS) was developed as a comprehensive rating tool for severity and disability 
associated with dyskinesia in patients with PD. The scale was developed in English with a clinimetric program to 
provide validated non‐English translations. 
Methods: The UDysRS was translated into Hebrew, back-translated, cognitively pre-tested and then tested in non-
demented native-Hebrew speaking PD patients.    
Floor and ceiling effects and internal consistency of the translated scale were examined.  Factor validity was tested 
against the Spanish version of the UDysRS, which is considered to be the "Reference  MDS Translation" of the 
original English version, using the Comparative Fit Index (CFI) based on confirmatory factor analysis techniques. A 
secondary analysis included an exploratory factor analysis (EFA) to explore factor structure. 
Results: The study population included 250 patients, 66.4% males (mean age 68.5±8.8). Disease duration (y) was 
11.8±6.7 out of which dyskinesia was present for 6.7±5.4 years. Floor and ceiling effects were negligible. The 
internal consistency of the Hebrew-version was, with Cronbach's alpha value of 0.96. The CFI in comparison to the 
Spanish Language was 0.98 which corresponds to our pre-specified criterion of CFI>0.9 in order to confirm factor 
validity. The factor structure of Hebrew UDysRS was quite consistent with that of the Reference UDysRS. 
Conclusions: The UDysRS Hebrew version shows strong clinimetric properties and may be designated as an 
Official MDS-Approved Translation for use in clinical and research settings. 

1194 
Development and Validation of the Parkinson’s Disease Medication Adherence Scale (PD- MAS) 
M. Tosin, B. Oliveira (Niterói, Brazil) 
Objective: To develop and validate the PD-MAS. 
Background: Parkinson's disease (PD) is a neurodegenerative disease manifested by motor and non-motor 
symptoms, controlled with drug, neurosurgical and rehabilitation therapies. Regarding drug therapy, adherence is an 
important clinical construct for two major reasons. First, problems with adherence is common, with evidence that 
only 10% of people with PD adhere adequately to the prescribed treatment. Second, inadequate use of the 
medications can be an important issue that compromise the quality of life of the patient. Although medication 
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adherence is a readily accepted clinical construct, it represents a complex phenomenon that is difficult to define and 
measure objectively, since it is dependent on the interrelationship of intentional and unintentional factors. Given the 
importance of the construct and the inherent difficulties in its definition and quantification, it is important to have a 
clinical instrument that measures medication adherence in PD. 
Methods: This is a methodological and psychometric study for the development of a valid, accurate and reliable 
scale that will be developed based on the recommendations of Benson & Clark (1982), in 4 phases and up to thirteen 
steps (Figure 1). To date, this research concludes step 1 and, in part, step 2. 
Results: As a result of step 1 we defined:a) population of interest and the objectives: to measure the 
medication adherence in people with PD.b) global domain: adherence to antiparkinsonian medication.c) content 
areas: intentional and unintended factors of medication adherence. The first refers to the intentional behaviors of the 
patient, family member and/or caregiver not to follow or follow partially the prescribed treatment. The second, or 
unintentional, refers to any barrier that does not depend on the individual.d) question to be answered: what are the 
factors of medication adherence in PD?e) purposes of the measurement items: to measure the influence of the factors 
of medication adherence during the last month.f) restrictions on use: cognitive impairment.g) procedures for the use 
of the instrument: still under construction. Step 2 is underway, and a systematic review has been completed for the 
identification of observable and relevant phenomena in the global domain of interest (Table 1). 
Conclusions: The research is in progress, and until now it has been concluded that the factors of medication 
adherence are diverse in PD. 
References: 1. Leopold NA, Polansky M, Hurka MR. Drug adherence in Parkinson’s disease. Mov Disord. 
2004;19(5):513–7. 2. Fabbrini G, Abbruzzese G, Barone P, Antonini A, Tinazzi M, Castegnaro G, et al. Systematic 
review on factors associated with medication non-adherence in Parkinson’s disease. Int J Clin Pract [Internet]. 
Elsevier Ltd; 2012;18(2):963–71. 3. Benson J, Clarck F. A guide for instrument development and validation. The 
American journal of occupational therapy: official publication of the American Occupational Therapy Association. 
1982;36(12): 789–800. 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



1195 
“Best practice” guidelines for the collection and analysis of speech data in patients with Parkinson’s Disease 
(PD) 
E. Tripoliti, L. Ramig (London, United Kingdom) 
Objective: To discuss the literature for collection and analysis of speech data for patients with PD in order to create 
“best practice” guidelines. 
Background: Speech can be affected in the majority of patients with PD. There has been an increased interest in 
measuring the effect of pharmacological, surgical and behavioural treatments on speech. While speech and voice 
researchers have consented on standardized clinical protocols (e.g. CAPE-V), these have not been used for patients 
with PD. There are unique aspects of parkinsonian speech and voice production that have to be considered for 
reliable and valid speech data. 
Methods: We undertook a literature review using the terms “speech” “voice” and “Parkinson’s disease” in Pubmed 
and identified 1,768 articles from 1931 to 2018. Critical review considered issues of “who, what, how and why” 
speech data was collected and analysed, in particular the recording setting and frequency; the tasks most appropriate 
for patients with PD; the variability of speech in PD; the need for multiple samples and the effect of cueing. Issues 
surrounding speech analysis involved most appropriate acoustic and perceptual measures; the use of participation 
outcomes; the use of visual analogue scales and the validity of patient reported outcome measures. 
Results: The first article was by E Stolkind in 1931 who described perceptively “Six cases of parkinsonism, with 
investigation of speech defects and description of a graphic method of making speech records”. Neurosurgeons were 
the first to describe the effects of their procedures on speech. Neurologists rate speech mainly using the UPDRS-III 
item 18. Speech researchers and clinicians use a variety of scales ranging from sustained phonation to reading 
phrases, to connected speech. Due to the specific PD motor symptoms of tremor, rigidity, hypokinesia and 
dyskinesias the majority of the studies suggest a constant microphone-to-mouth distance; fatigue can limit the length 
of the speech examination; the effect of emotional load on speech in PD requires careful choice of topics. There is 
no agreement on the most appropriate scale or acoustic marker for speech analysis. 
Conclusions: There is an imperative for informed consensus on speech data collection and analysis in PD with a 
careful consideration of disease specific issues and the knowledge already accrued. 

1196 
“UPDRS-meter” – a digital and automatic UPDRS scoring application 
Z. Yekutieli, S. Baer-Hassin, V. Livneh, T. Fay-Karmon, S. Israeli-Korn, G. Yahalom (Zichron Yaakov, Israel) 
Objective: To assess the feasibility of a smartphone-based application for performing a motor test that will provide 
an accurate UPDRS score. 
Background: Parkinson’s Disease (PD) patients suffer from gait and other motor disturbances. Unified Parkinson’s 
Disease Rating Scale (UPDRS) is used in order to monitor the progression of the disease and evaluate the 
effectiveness of different treatments. The motor subscale of the UPDRS (mUPDRS) consists of several sub-items, 
each represents one core feature of PD.  Each item of the mUPDRS is subjectively interpreted by the rater, leading 
to inter-rater variability. In addition, performing the UPDRS is time consuming. 
Methods: Two groups of patients were evaluated with the mUPDRS by a single rater and by Timed-up-and-go test 
(TUG) while a smartphone is attached to the chest. Gait was recorded by EncephaLog, an application using 
smartphone’s integral accelerometers and gyros for capturing the subject’s trajectory. The raw data was sent to a 
server where several gait biomarkers were extracted. The gait parameters and the human rater results were fed into 
an artificial-neural-network (ANN) predictive model. 
Results: 33 patients with PD (21 males and 12 females, age 66.4±8.4, mUPDRS total score 28.6±10.3) were 
evaluated along with 33 psychiatric patients with Drug Induced Parkinsonism (DIP) (20 males and 13 females, age 
43.6±11.5, mUPDRS total score 28.6±10.3). EncephaLog outputs included Total TUG, stand-up, sit-down and 
rotation times, medio-lateral-sway, anterior-posterior-sway, and steps-count. Two thirds (44) of the samples were 
randomly chosen to train the ANN, and the validation was done on the remaining third (22) of the samples. A high 
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correlation (r=0.76, p<0.0001) was found between the human rater score and ANN mUPDRS prediction (x and y 
axes respectively in figure1) . These results were obtained regardless of the training\validation groups chosen. 
Conclusions: EncephaLog was able to grade UPDRS in PD and DIP with acceptable accuracy. This accuracy was 
obtained by extracting biomarkers only from TUG, meaning that most of the UPDRS components are reflected by 
this test. Obtaining an automatic “UPDRS-meter” is desirable as it can save physician's time, reduce inter-rater 
variability, and allow the test to be performed remotely. 
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1197 
A cortical signature of motor response to dopaminergic therapy in Parkinson’s disease 
J. Baarbé, K. Lizarraga, J. Saravanamuttu, U. Saha, R. Chen (Toronto, ON, Canada) 
Objective: To investigate whether cortical oscillations involved in sensorimotor processes might predict motor 
symptom response to dopaminergic treatment (MSRD) in Parkinson’s disease (PD). 
Background: MSRD is an important diagnostic and prognostic indicator in PD. It is unclear why MSRD varies as 
PD progresses. Yet, cortical processes may be intrinsically involved in the physiology of MSRD. 
Methods: We recorded whole-head EEG in 10 patients [2 women; median age 65 years, range 60-79; median PD 
duration 8 years, range 2-20; median levodopa equivalent daily dose 763 mg, range 325-1880]. Median motor 
UPDRS ON medication was 29 (range 13-37) and 33 OFF medication (range 24-43). Patients were assessed while 
ON dopaminergic medication and, on a separate day, after 12-hour medication withdrawal. While seated, patients 
manipulated foot pedals to walk in a virtual environment. To progress, patients had to depress the right toe-left heel 
together and then left toe-right heel together. Initially, patients practiced with a metronome to complete two phases 
per second. They then maintained the pace while we recorded EEG. Time-frequency data was time-warped to 
individual rates. High beta (21-35 Hz) power was averaged over right toe-left heel phase and left toe-right heel 
phase. We took the absolute difference in high beta power between the two phases to assess high beta fluctuation. 
Large fluctuation meant that high beta power varied considerably between phases, and small fluctuation meant that 
high beta power plateaued. All data was analyzed in predetermined premotor/frontal, motor and parietal EEG 
clusters. Since movement alone can change high beta power, we included only trials that involved >60% of the full 
movement range and we compared the amplitude of movement ON and OFF medication. 
Results: High beta fluctuations were significantly larger in the ON medication state compared to the OFF 
medication state in all cortical areas assessed. MSRD correlated to high beta fluctuation such that patients with less 
motor improvement had larger fluctuation while ON medication. Movement amplitude did not differ between ON 
and OFF medication. 
Conclusions: Cortical oscillations are involved in the physiology of MSRD in PD. Impaired MSRD and large 
fluctuations in high beta power during movement could result from cortical neurodegeneration or altered 
thalamocortical projections as PD worsens. These findings may be useful as a marker of PD severity. 

1198 
A novel intermittent control paradigm to investigate oscillatory neuronal activity in the STN 
M. Boca, N. Ray, C. Kobylecki, J. Evans, I. Loram, M. Silverdale (Manchester, United Kingdom) 
Objective: To present a new methodology of recording STN local field potential (LFP) activity. 
Background: Recordings of LFPs from the subthalamic nucleus (STN) of patients with PD have revealed 
pathologically prominent and synchronised oscillatory activity in the beta-band frequency (13–35 Hz) [1]. These 
oscillations are involved in movement preparation, execution and recovery and have been shown to have an anti-
kinetic effect [1,2]. 
While frequency specific STN activity has been investigated in various voluntary movement paradigms [2-5], the 
relationship between STN oscillations and sustained motor control and dual-task performance has not been explored. 
Methods: We record LFP activity using externalized DBS electrodes from PD patients during the performance of a 
continuous motor task, using a previously published sustained visuo-manual tracking paradigm in which the 
participants operate a joystick to track the movements of a visual stimulus on a screen. We employ a double-
stimulus paradigm, used to measure cognitive processing of two sequential reaction time tasks which are presented 
at varying delay intervals. A psychological refractory period (PRP) is identified: the delay interval between the tasks 
impairs performance in the second task [6]. 
 
Control of sustained human movement is understood incompletely. The continuous control paradigm - which 
assumes a continuous biofeedback loop of sensory input, predictive modelling and motor output - fails to account 
for the existence of the PRP. The alternative paradigm of intermittent control, postulating the existence of refractory 

This article is protected by copyright. All rights reserved.



periods during which motor output continues without sensory updates, resolves these issues and provides a more 
general framework for understanding human movement [7]. 
Results: We describe using a new testing methodology which applies the principles of intermittent motor control. 
The relationship between the target signal and the subsequent motor response is modelled using an autoregressive 
moving average (ARMA) process [7].This allows us to pinpoint when motor processing becomes refractory (ie 
response to the second step is significantly delayed as compared to the first step). Using LFP power spectrum 
analysis and event related LFP power, we can characterize the neuronal oscillations underlying motor refractoriness. 
Conclusions: We present a novel methodology to explore LFP activity in the basal ganglia related to a continuous 
motor task. 
References: 1. Kühn AA, Williams D, Kupsch A, Limousin P, Hariz M, Schneider GH, Yarrow K, Brown P (2004). 
Event-related beta desynchronization in human subthalamic nucleus correlates with motor performance. Brain 
127:735–746. 2. Foffani G, Bianchi AM, Baselli G, Priori A (2005). Movement-related frequency modulation of 
beta oscillatory activity in the human subthalamic nucleus. J. Physiol 568:699–711. 3. Quinn EJ, Blumenfeld Z, 
Velisar A, Koop MM, Shreve LA, Trager MH, Hill BC, Kilbane C, Henderson JM, Bronte-Stewart H (2015). Beta 
oscillations in freely moving Parkinson's subjects are attenuated during deep brain stimulation. Mov. 
Disord.;30:1750–1758. 4. Tan H, Pogosyan A, Ashkan K, Green AL, Aziz T, Foltynie T, Limousin P, Zrinzo L, 
Hariz M, Brown P (2016). Decoding gripping force based on local field potentials recorded from subthalamic 
nucleus in humans. 5. Hell F, Plate A, Mehrkens JH, Bötzela K (2018). Subthalamic oscillatory activity and 
connectivity during gait in Parkinson's disease. Neuroimage Clin 19: 396–405. 6. Pashler, H. (1994). Dual-task 
interference in simple tasks: Data and theory. Psychol Bull 116, 220-244. 7. van de Kamp C, Gawthrop P, Gollee H, 
Loram ID (2013). Refractoriness in sustained visuo-manual control: is the refractory duration intrinsic or does it 
depend on external system properties? PLoS Comput Biol 9(1):e1002,843. 

1199 
Anterior EEG slowing in Dementia with Lewy Bodies: a multicenter European cohort study 
L. Bonanni, R. Franciotti, F. Nobili, M. Kramberger, J.P. Taylor, S. Garcia-Ptacek, M. Onofrj, N.W. Falasca, D. 
Arnaldi, D. Aarsland (Chieti, Italy) 
Objective: to analyse the anterior-posterior scalp distribution of dominant frequencies with an intra-subject 
evaluation in a dementia with Lewy bodies patient group. 
Background: EEG slowing with pre-alpha dominant frequency in posterior derivations is a supportive biomarker 
for Dementia with Lewy Bodies diagnosis, with high predictive value for the differential diagnosis with Alzheimer’s 
Disease.  The appearance of a pre-alpha rhythm is considered to be linked to a dysfunctional thalamo-cortical 
connection. We hypothesize that the intra-subject evaluation would give information on possible different 
involvement of anterior and posterior cortical areas in Dementia with Lewy Bodies. 
Methods: We quantitatively analyzed EEGs of 122 patients from 5 Centers of the European dementia with Lewy 
bodies Consortium.  EEG spectra values, divided into delta, theta, pre-alpha, alpha frequency bands were described 
by dominant frequency, dominant frequency variability, frequency prevalence. 
Results: Dominant frequency in anterior derivations was lower than in posterior derivations (p=2·10-4).   Dominant 
frequency variability, frequency prevalence in delta and theta was higher in anterior derivations (3·10-7; 1·10-16; 
1·10-5). As a consequence, frequency prevalence in pre-alpha and alpha was lower in anterior than posterior 
derivations (4·10-3; 1·10-7), due to the prevalence of delta/theta in anterior derivations. In 11% of patients, pre-
alpha was dominant in anterior leads while alpha rhythm was still dominant in posterior derivations. 
Conclusions: EEG slowing was more severe in anterior derivations. A future longitudinal study should address the 
possibility that the anterior EEG abnormalities appear earlier in the disease course. 

1200 
Approaches to assessing of disorders of voluntary posture control in patients with Parkinson's disease 
A. Buniak, I. Maryenko, S. Likhachev, O. Alenikova (Minsk, Belarus) 
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Objective: To assess disorders of VPC using the characteristics of the speed of voluntary movements in patients 
with PD. 
Background: At the advanced stage of Parkinson's disease (PD) voluntary postural control (VPC) is impaired. The 
leading disturbances of the VPC are inhibition and freezing [1,2]. Current diagnosis of the disorders of VPC based 
on an assessment of the pressure center (PC) displacement graph for estimation of voluntary movement. At the same 
time estimate the speed of the PC at a given point and return to its original position [3]. 
Methods: We examined 52 (35 with tremor, 17 with bradykinesia-rigidity) PD patients. 28 male and 24 female, 
mean age 55,98±7,04 years, 32 patients–II stage of H&Y, 20–III. And 20 healthy people comparable in age and sex. 
Conducted a test patient's PC change in the position of the target keeping it in this position. The target time in one 
position is 8 sec. Patients moved PC forward, then returned. Test was carried out on stabilographic platform with 
biofeedback. Speed of swing (SS), mm/sec and speed of throw (ST), mm/sec was evaluated [3]. 
Results: Me (LQ;UQ) of SS and ST at the stages of exposure compensation (stage I) and return (stage II) were 
significantly lower by U-test in PD patients than in healthy group. In PD patients SS on stage I was 11,02(3,83;24,3) 
mm/sec (U=136, р=0,017634), SS on stage II was 15,36(6,69;30,5) mm/sec (U=98, р=0,001932), ST on stage I was 
15,5(8,4;32,7) mm/sec (U=157, р=0,048689), ST on stage II was 14,51(8,31;28,27) mm/sec (U=106, р=0,003205). 
In PD group, the Me (LQ;UQ)  of ST values at the stage II are significantly lower in patients with 3-4 stages of 
H&Y - 10.4 (4.9; 25.3) mm/sec than in patients with 2-2.5 H&Y - 18.9 (14.4; 36.3) mm/sec (U=212, p=0.025186). 
Conclusions: The results revealed the prevalence of inhibition processes in patients with PD, which is reflected in a 
decrease in SS and ST. With the progression of the disease, the processes of inhibition are aggravated, which is 
reflected in a decrease in ST in patients 3-4 H&Y. The selected speed indicators allow us to evaluate and objectify 
disturbances of VPC in PD patients. 
References: 1. Illarioshkin S.N., Yahno N.N. (2008) Parkinson's disease and movement disorders. Мoscow: OOO 
Dialog. (in Russian). 2. Giladi N., Treves Т.А, Simon E.S. (eds.) (2001) Freezing of gait in patients with advanced 
Parkinson's disease. J. Neural. Transm., vol. 108, pp. 53-61. 3. Stabilographic studies. The user manual "Stabilan-
01-2". - Taganrog, ZAO OKB «RITM». (in Russian). 

1201 
Kinematic Analysis of Facial, Upper and Lower Limb Bradkinesia in Parkinson's Disease 
A. CANNAVACCIUOLO, M. BOLOGNA, A. FORMICA, D. COLELLA, G. PAPARELLA, A. GUERRA, A. 
BERARDELLI (Rome, Italy) 
Objective: We aimed to verify the discriminative properties of facial-, upper- and lower-limb bradykinesia in 
patients with PD, as assessed by motion capture analysis. 
Background: Kinematic analysis allows objective evaluation of bradykinesia, one of the cardinal motor symptoms 
in patients with Parkinson's disease (PD). While upper-limb bradykinesia in PD has been characterized in a 
relatively high number of studies using kinematic techniques, little is known on facial- and lower-limb bradykinesia. 
Methods: We included 15 patients with PD patients (10M, 5F), mean age ± 1 S.D.= 65.8±6.59 (range 45-76) years 
and 10 (4 M, 6 F) healthy controls, mean age ± 1 S.D.= 64.3±6.23 (range 55-72) years. The clinical assessment of 
patients included the motor section (part III) of the Movement Disorder Society-sponsored revision of the Unified 
Parkinson's Disease Rating Scale (MDS-UPDRS). Repetitive voluntary blinking as well as the finger- and toe-
tapping subtest of the MDS-UPDRS (part 3), were recorded using an optoelectronic 3D motion capture system. 
Number of movements, movement rhythm, amplitude (hypokinesia) and velocity (bradykinesia) and progressive 
amplitude and velocity reduction during movement repetition (sequence effect) were analysed. Receiver operating 
characteristic (ROC), its area under curve (AUC) and Hanley-McNeil’s 95% AUC confidence intervals were 
computed. 
Results: During voluntary blinking, velocity (bradykinesia) measures only differentiated between PD patients and 
controls (AUC = 0.80; P<0.01). During finger tapping, amplitude (hypokinesia) and velocity (bradykinesia) 
measures differentiated between PD patients and controls (both AUC = 0.78; both Ps<0.01). For the lower limb 
measurements similar values were observed for both amplitude (AUC = 0.73; P<0.05) and velocity (AUC = 0.78; 
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P<0.01). In addition, among the toe tapping measurements the movement rhythm also differentiated PD patients and 
controls (AUC = 0.70; P<0.05) 
Conclusions: Kinematic analysis of finger and toe tapping allowed an objective analysis of facial, upper and lower 
limb bradykinesia. The results provide evidence of a rostrocaudal motor impairment in PD, possibly reflecting 
distinct pathophysiological mechanisms in the various body segments. The data emphasize the importance of the 
lower limb assessment in differentiating between PD patients and controls. 

1202 
Deep Brain Stimulation (DBS) clinical impedance measurements of the Medtronic Clinician 8840 versus the 
Samsung Galaxy Tab S2 tablet interface 
D. Caputo, S. Danish, E. Hargreaves (New Brunswick, NJ, USA) 
Objective: To contrast and compare the Medtronic Clinician 8840 and the newer Samsung Tablet based 
programming interface. 
Background: The FDA approved Medtronic’s use of the Samsung Galaxy Tab S2 tablet programming interface for 
DBS on June 13th 2018. As part of the clinical phase-in procedure of this technology at our center, we examined 
repeated back to back interrogations using the Clinician 8840 and Samsung Galaxy interfaces within a single 
programming session. 
Methods: The impedances of 20 DBS patients were assessed twice by each interface, alternating between the 
Clinician 8840 and the Samsung Galaxy tablet. The sequence of interrogation was counterbalanced across the 
sessions. The Clinician 8840 employed endogenous parameters of 3.0V, 80µs and 100Hz. The Samsung Galaxy Tab 
S2 tablet similarly employed 80µs, and 100Hz, but the amplitude was automatically adjusted from 0.7V to 1.5V, if 
the impedance exceeded 10KOhms, and it was further adjusted from 1.5V to 3.0V, if the impedance exceeded 
20KOhms. A further set of 10 other DBS patients, underwent interrogations by Clinician 8840, with the amplitude 
set at 3.0V and subsequently at 0.7V, followed by the Samsung Galaxy interface with the automated impedance 
assessment. 
Results: None of the Clinician 8840 3.0V impedance measurements exceeded the monopolar 2000Ohm or bipolar 
4000Ohm thresholds. Regardless, for the first 20 patients the Samsung tablet impedance measurements (1647 
Ohms) resulted in statistically greater values (p<0.0005) then the Clinician 8840 (1375 Ohms). For the further set of 
10 patients the Samsung tablet measurements (1441 Ohms) were also statistically greater than (p<0.001) the 
Clinician 8840 3.0V (1284 Ohms), but not greater than the 0.7V measurements (1452 Ohms; p=ns). Control 
analyses of interrogation order, monopolar/bipolar, and contact spacing returned expected results. 
Conclusions: Our results verify anecdotal reports suggesting that the Samsung Galaxy interface’s automated system 
consistently overshoots the impedance assessments made by the 8840 Clinician programmer at its default settings. 
When both systems are compared at 0.7V settings then these differences are not present. It is our understanding that 
manual selection of the amplitude for impedance measurement will be re-implemented during the next update. 

1203 
Visual evoked potentials alterations in DLB 
C. Carrarini, M. Russo, F. Anzellotti, F. Dono, S. Nanni, M. Onofrj, L. Bonanni (Chieti, Italy) 
Objective: To investigate whether DLB and PD patients show VEP and OCT alterations in comparison with AD 
patients, and whether this possible alterations are associated with more prominent cognitive and neuropsychiatric 
disturbances. 
Background: Visuo-spatial and visuo-perceptual deficits are common in Dementia with Lewy Bodies (DLB) and in 
Parkinson’s Disease with cognitive impairment (PD with Mild Cognitive Impairment, PD-MCI and PD with 
Dementia, PDD), as well as Visual Hallucinations (VHs). Previous studies documented an association between 
visual function, assessed by means of Visual Evoked Potential (VEP), and VHs. Alzheimer’s Disease (AD) patients, 
typically do not show prominent visual impairment or visual hallucinations. Few data are available about retinal 
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alterations at optic coherence tomography (OCT), with regard to visuo-spatial, visuo-perceptual and 
neuropsychiatric dysfunctions in DLB and PD patients as compared with AD patients. 
Methods: To the current date, we enrolled 9 patients with DLB, 1 patient with AD and 5 patients with PD. Among 
these, 3 patients with DLB, 1 patient with AD and 2 patients with PD underwent VEP investigation. All the patients 
underwent Neuropsychological evaluation with Montreal Cognitive Assessment (MoCA), Rey’s figure immediate 
copy and delayed recall and also Neuropsychiatric Inventory (NPI). Our target is to create 3 cohorts of 20 patients 
each one. Also, all the patients will undergo ERG and OCT exams. 
Results: A preliminary analysis documented an increase of the conduction latencies in VEP exams in all the DLB 
and PD patients. On the other hand, the patient with AD showed a normal visual conduction. The VEP alterations do 
not seem to be related to VH, since they are equally present in both patients with and without VH. Indeed, three out 
of nine patients with DLB and one out of eight PD patients have reported VH in NPI assessment. Moreover, visual 
alterations do not seem to be related to cognitive impairment, as observed with MoCA scores. 
Conclusions: Previous studies documented an impairment in metabolic functions of dopaminergic amacrine cells in 
human retina of PD patients, which may account for visual and retinal alterations in PD patients. VEP and OCT 
have been employed in order to demonstrate this feature, mostly in PD patients with or without VH. Further studies 
need to be performed in order to assess whether PEV alterations could have a differential diagnostic values in the 
comparison between PD/DLB and AD. 

1204 
Cortical excitability in focal dystonia patients using threshold tracking technique 
F. Chang, S. Kim, P. Menon, N. Geevasinga, N. Mahant, S. Babu, S. Vucic, V. Fung (Westmead, Australia) 
Objective: To investigate cortical excitability during movement compared with postural control task in healthy and 
focal dystonia subjects. 
Background: Focal dystonia is a movement disorder associated with reduced cortical excitability and surround 
inhibition, thought to mediate abnormal co-contraction and overflow during performance of a motor task. Motor task 
performance can be divided into maintenance of posture control and movement. Separate neuronal populations 
within the primary motor cortex mediate for postural and movement control in the healthy primate1. We explore 
whether there is a difference in cortical excitability during movement compared to postural control task in focal 
dystonia subjects. 
Methods: Short interval cortical inhibition (SICI), resting motor threshold (RMT) and cortical silent period (CSP) 
were measured following transcranial magnetic stimulation over the primary motor cortex, recording over the 
contralateral resting abductor pollicis brevis muscle (APB) of the pronated hand. We used threshold tracking 
technique for SICI 2, during performance of a postural control task (constant extension of ipsilateral extensor indicis 
(EI)) and movement control task (activation of EI at 1Hz). Studies were undertaken on 18 healthy controls and 14 
focal dystonia patients (cervical dystonia (CD) =7; Writer’s cramp (WC)=7). Two-way ANCOVA tested for 
interaction of motor task and group, correcting for age, using SPSS 24 (IBM). Pairwise comparison used one-way 
ANCOVA with Bonferroni adjustment, examined for difference between and within groups. 
Results: There was a difference in the SICI and CSP between the motor task on pairwise comparison, and during 
movement, the adjusted mean SICI (p=0.003) and CSP (p=0.03) was lower than postural task in both groups. (Table 
1) The RMT was lower in normal subjects than dystonia patients (p=0.03). The adjusted means of SICI, ICF or CSP 
was not different between groups. There was no significant interaction between groups and motor task for RMT, 
SICI (ISI 1-7ms), ICF or CSP. This remained unchanged when focal dystonia group was subdivided into CD and 
WC. 
Conclusions: Cortical excitability in both normal controls and focal dystonia subjects was greater during movement 
control task than postural control task, but did not differ between groups during motor tasks. This suggests motor 
cortical GABAergic synaptic activity during movement control is preserved in focal dystonia patients. 
References: 1. Kurtzer, I., Herter, T. M., & Scott, S. H. (2005). Random change in cortical load representation 
suggests distinct control of posture and movement. Nature neuroscience, 8(4), 498. 2. Vucic, S., Howells, J., 
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Trevillion, L., & Kiernan, M. C. (2006). Assessment of cortical excitability using threshold tracking techniques. 
Muscle & Nerve, 33(4), 477-486. 

 

1205 
Prefrontal cortex high beta power correlates with the severity of anxiety and depression in Parkinson’s 
disease patients 
C. de Hemptinne, W. Chen, C. Racine, A. Seritan, J. Mergenthaler, S. Rajagopalan, J. Ostrem, P. Starr (San 
Francisco, CA, USA) 
Objective: To investigate the neural correlates of anxiety and depression in PD patients and to develop a novel 
neurostimulation therapy for these non-motor symptoms. 
Background: Depression and anxiety are prominent non-motor symptoms in Parkinson’s disease (PD)but the 
pathophysiology of these symptoms is still largely unknown. Here, we used permanent prefrontal cortex (PFC) 
implants to identify markers of mood and anxiety and to modulate these non-motor symptoms with PFC stimulation. 
Methods: Five PD patients with moderate baseline anxiety and depression were enrolled in this study. Each patient 
was implanted with the Activa PC+S, DBS device allowing stimulation and sensing, which was attached to a deep 
brain stimulation (DBS) lead for the treatment of motor signs and a permanent 4-contact electrocorticography 
(ECoG) strip covering the right PFC. Cortical and basal ganglia field potentials were recorded chronically, both in 
clinic and at patients’ homes, during the presence of minimal and more severe non-motor symptoms. Recordings 
were paired with symptoms assessments based on visual analogue scales (VAS).The effect of acute (15min-24hr) 
PFC stimulation was also studied. 
Results: We found that prefrontal ECoG power spectra are characterized by a peak in the alpha/beta band (8-30Hz). 
The severity of depression and anxiety was significantly correlated with PFC high beta power (p<0.05) in most 
patients. In one patient, we also found that PFC stimulation (3V, 80-100us, 100-180Hz) was associated with a 
reduction of these symptoms without inducing side effects. 
Conclusions: These results suggest that PFC high beta power may be associated with anxiety and depression, and 
indicate a potential therapeutic effect of PFC stimulation. 

1206 
Effects of the Neuromodulation of Sensorimotor Rhythms on the Event-Related Desynchronization 
Phenomenon in Parkinson's Disease 
M.D. del Castillo, J.I. Serrano, E. Rodríguez, E. Rocon, J.P. Romero, J. Andreo, A. Arroyo, N. Malpica, H. Melero, 
M. Gil, E. Sanz (Arganda del Rey, Spain) 
Objective: The main goal of this work relies on the study of the desynchronization of the sensorimotor rhythms in 
Parkinson’s disease (PD). Electrophysiological cortical activity of PD patients is captured while they execute a 
motor task before and after performing an endogenous neuromodulation (NM) intervention. 
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Background: The event-related desynchronization (ERD) is a neurophysiological phenomenon that reflects the 
decay of the EEG signal power accompanying the performance of motor tasks [1]. According to [2], PD patients 
present an excessive beta synchronization in motor cortex that may be causally related to this pathology. Since ERD 
physiological role seems to be associated to the coordination of the motor function, it may represent a valuable 
electrophysiological biomarker for assessing the changes produced by a NM therapy. 
Methods: 11 PD patients (4 women; Age: 62.18±8.18, 50-73; Years from onset: 5.91±3.75, 2-14; UPDRS: 
15.55±7.29, 5-32; Levodopa equivalent dose (mg): 443±218, 100-710, 10 right-handed), participated in this study. 
The patients carried out 15 trials of a wrist extension (WE) task, with the right hand and then with the left hand, 
before and after 8 endogenous NM sessions. PD patients execute each run of the WE task following the cue-paced 
paradigm shown in Figure 1. During the wrist extension task, EEG signals were recorded from 9 central positions. 
The Power Spectral Density (PSD) were estimated for frequencies between 2-30 Hz. 
[figure1] 
The ERD is calculated in the movement preparation and movement window, relative to the baseline period, for both 
hands in the alpha and beta frequency bands. The ERD is featured by average value (AV) and minimum value (MV) 
of desynchronization in the selected temporal window. 
Results: Results obtained show statistically significant differences in the two ERD features between the pre and post 
NM intervention (Table 1). 
[table1] 
Conclusions: Most significant changes in ERD parameters are detected in the dominant hand. Mainly, the NM 
affects the average and minimum values of the ERD. For the right hand, the desynchronization is greater when 
patients perform a motor task after the NM intervention. The remaining changes are located in the sensorimotor 
cortex. For the left hand, the sole significant change is located in the premotor area in the beta band. 
References: [1] G. Pfurtscheller and F.H. Lopes da Silva, “Event-related EEG/MEG Synchronization and 
Desynchronization: Basic Principles,” Clinical Neurophysiology, vol. 110, pp. 1842–1857, 1999. [2] S. Esmail and 
D.E.J. Linden, “Neural Networks and Neurofeedback in Parkinson’s disease”, NeuroRegulation, vol. 1(3-49), pp. 
240-272, 2014. 
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1207 
Motor intracortical excitability before speech onset in adults who stutter 
A. Elfers, S. Hommel, N. Neef, A.W. von Gudenberg, W. Paulus, M. Sommer (Göttingen, Germany) 
Objective: A core feature of persistent developmental stuttering is the paroxysmal, transient, involuntary loss of 
speech motor control. However, the neurophysiology of stuttering remains largely unexplored. The objective of this 
study was to explore speech-dependent effects of intracortical excitability modulation on the ventral primary motor 
cortex (vM1) in persistent developmental stuttering. 
Background: In stuttering, previous studies demonstrated a lack of state-dependent facilitation of vM1 during 
resting-state and during speaking, suggesting defective facilitatory cortical inputs, particularly for speech motor 
execution. Yet, it is unclear whether local intracortical regulations of excitability are defective during the state of 
speaking. Here, we studied short-interval intracortical inhibition (SICI) and intracortical facilitation (ICF) in the 
speech-dominant vM1 during speech preparation. We hypothesized that adults who stutter (AWS) would exhibit a 
reduced intracortical facilitation as compared to adults who do not stutter (ANS). 
Methods: Conditioning-test paired-pulse transcranial magnetic stimulation was applied to the left vM1 in 14 AWS ( 
mean age ± SD, 30.4 ± 13.4) and 14 ANS (29.5 ± 9.7) during rest, and while participants uttered an invariable prefix 
(“auf”) of compound German verbs, and in the 50 msec time window before they started to speak the subsequent 
verb stem. At each of these time points, we recorded motor evoked potentials from the right tongue side and 
normalized conditioned amplitudes to the amplitudes of the corresponding unconditioned potentials. 
Results: Active motor threshold did not differ between groups. We succeeded in recording ICI and ICF in all 
participants. AWS showed similar levels of ICI and ICF for rest and speaking. By contrast, in the control group 
speaking induced a reduction of ICI and a trend for an increase of ICF compared to rest. A repeated-measures 
ANOVA with ‘group’ (ANS, AWS) as between-subjects factor and ‘time’ (rest, during prefix, before verb stem) as 
within-subjects factor yielded an interaction of ‘time’ by ‘group’ (F(1, 26), 2.79, p=0.02). 
Conclusions: We conclude that the insufficient motor cortex preparation to forthcoming speech is related to an 
impaired modulation of both, inhibitory and facilitatory, motor intracortical circuitries. 

1208 
Subthalamic Neurons Fire Differently In Planned Versus Reactive Movements 
A. Fazl, K. Katlowitz, M. Pourfar, A. Mogilner, D. London (Livingston, NJ, USA) 
Objective: To study the role of STN neurons in modifying an ongoing movement. 
Background: Patients with Parkinson’s Disease (PD) have difficulty starting or modifying a learned movement 
sequence, but can complete it once started. For example, they may have freezing of gait only when turning or 
stopping at a doorway. The subthalamic nucleus (STN) is the main hub of the hyperdirect pathway of the basal 
ganglia, which is presumed to be involved in interrupting an ongoing movement or decision. We hypothesized that 
the STN plays a role when the brain actively reacts to the visual environment to modify a movement sequence, as 
opposed to when planning the same sequence in advance and carrying it out. 
Methods: In an ongoing project, so far 6 patients with Parkinson’s Disease undergoing STN DBS surgery 
performed a visuo-motor task during the microelectrode recording. They were instructed to move their contralateral 
hand in a straight line toward a target on the monitor (Go Trials). In “Turn” trials, a different cue prompted them to 
make a two-step movement: first towards the target then turn away from it. “Swerve” Trials started similar to Go 
Trials, but in the midst of the movements, they were cued to turn, resulting in an L- shaped hand movement similar 
to Turn trials. The 3D hand trajectory was recorded and the turning time was identified in a semi-automated fashion. 
Results: We identified a total of 21 single units, 17 of which modulated their firing in a 500 msec window around 
the time of turning. The majority of them, 14 of 17 cells, did so before the turning time. We did not find power 
modulation of beta frequency around the time of turning, but spike entrainment to beta frequency changed in 12 of 
17 cells. Some cell showed this modulation for delta and gamma frequencies as well. 
Conclusions: As hypothesized, STN cells change their firing rate or entrainment to delta and beta frequencies when 
the task requires a change to anticipated movement sequences. Since patient moved their hands similarly in both 
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Turn and Swerve trials, the shape of movement does not fully explain this difference. Rather, we argue that the 
hyperdirect pathway gets selectively activated to interrupt the sequence and allow the appropriate modification to 
planned movement. STN overactivity in PD likely interferes with this mechanism, contributing to difficulties 
navigating unanticipated changes in environment. 

1209 
Impaired intracortical inhibition predicts response to medication in Parkinson’s disease patients 
S.R. Filipović, A. Kačar, S. Milanović, M. Ljubisavljević, V.S. Kostić (Beograd, Serbia) 
Objective: To check whether measures of motor cortex excitability and plasticity are associated with clinical 
response to dopaminergic treatment in Parkinson’s disease (PD) patients. 
Background: Primary motor cortex (M1) shows number of impairments in excitability and plasticity in PD. There 
has been scarce attempts to check whether there is a link between impaired neurophysiological measures and 
response to dopaminergic medication. 
Methods: Measures of M1 excitability [short latency intracortical inhibition (SICI), intracortical facilitation (ICF), 
and short-latency inhibition (SAI)], and plasticity [relative increase in size of motor evoked potentials (MEP) 
elicited by transcranial magnetic stimulation (TMS) immediately after and 30 minutes after paired associative 
stimulation (PAS) protocol] from the worst affected hand were collected in a group of 22 PD patients (Hoehn & 
Yahr stage range 1 – 4). They were correlated with the scores on a standard clinical scale, motor section of the 
Unified Parkinson’s Disease Scale (UPDRS) – total scores as well as lateralised UPDRS and bradykinesia scores for 
the worst affected hand. Patients were tested off medication, after an overnight withdrawal, (neurophysiological and 
clinical measures) and on medication, following usual morning dose (clinical measures). 
Results: Measures of M1 plasticity off-medication did not correlate with medication induced changes in UPDRS 
motor scores and two derived scores, lateralised UPDRS and bradykinesia scores (for the worst affected side). Same 
was with ICF and SAI. However, there was a significant correlation between off-medication SICI and changes in 
lateralised UPDRS and bradykinesia scores (Spearman R=0.515, p=0.014, and R=0.419, p=0.05, respectively) – 
larger on-off differences (i.e. medication induced improvement) were associated with worse off-medication SICI. 
Conclusions: Patients with more impaired intracoritical inhibition seems to benefit more from dopaminergic 
treatment than patients whose intracortical inhibition is closer to normal. Different levels of intracortical inhibition 
may point towards different subtypes of PD. 

1210 
High-Beta and High-Gamma Power Oscillations from Subthalamic Nucleus distinguishes Parkinson’s Disease 
Subtypes 
F. Godinho, J. Luccas, B. Bianqueti, A. Fim Neto, T. Almeida, M.S. Rocha, T. Yoneyama, D. Soriano (São Paulo, 
Brazil) 
Objective: To distinguish Parkinson’s disease (PD) subtypes – tremor dominant (TD) and Akinetic-rigid (AR) – by 
means of local field potentials spectral features recorded from Subthalamic Nucleus (STN). 
Background: Deep Brain Stimulation (DBS) is regarded as an effective method for treating motor symptoms of 
Parkinson’s disease. Yet, distinctive stimulation protocols for clinical subtypes of PD are still missing, mainly due to 
the lack of electrophysiological biomarkers that better describe the underlying phenomena. 
Methods: Intraoperative 60 s STN LFPs were recorded from 30 distinct brain hemispheres from 15 AR and 15 TD 
patients during rest and active arm movement. Signals were downsampled (1 kHz), band-pass filtered (2-400 Hz) 
and z-score normalized. The power spectrum density (PSD) was estimated by the Welch method. The mean power 
(area under the PSD) for EEG frequency bands were calculated for each subtype and compared by paired t-test. 
Results: Compared to TD, AR patients showed significantly higher 22-35 Hz mean power (high-Beta) only during 
rest (p = 0.0137). On the other hand, TD patients showed higher Gamma mean power in both rest and movement 
conditions (p= 0.0094 and p=0.0324, respectively). 

This article is protected by copyright. All rights reserved.



Conclusions: High-Beta recorded from STN distinguished TD and AR Parkinson’s subtypes during rest, while 
High-Gamma did so in both rest and movement conditions. These data may guide DBS protocols aiming to better 
control specific PD symptons. 

 

1211 
Neuroprotective actions of red propolis extract and formononetin in a rat model of Parkinson’s disease 
M. Gomes, S. Barroso, J. de Oliveira, D. Marques, A. Santos, J. Cardoso (Aracaju, Brazil) 
Objective: To evaluate the effects of the hydroalcoholic extract of red propolis (HERP) and one of its major 
compounds, formononetin (FN), against the motor symptoms and neurodegenerative process induced by 6-
hydroxydopamine (6-OHDA) in rats. 
Background: The hallmarks of Parkinson’s disease (PD) physiopathology include oxidative stress, 
neuroinflammation and apoptosis. The HERP has received great attention as an antioxidant and anti-inflammatory 
bee product [1]. Also, the isoflavone FORM was protective after traumatic brain injury in rats with antiapoptotic and 
anti-inflammatory properties [2]. 
Methods: The chemical composition of the HERP was assessed by high performance liquid chromatography. Adult 
male Wistar rats received unilateral intraestriatal injection of ascorbate saline or 6-OHDA. The rodents (n = 8/group) 
were treated orally with vehicle or HERP (10 and 50 m/kg) daily for 21 days thereafter. FN (10 and 20 mg/kg) or 
saline were given i.p. after surgery, for the same period. The open field test was performed at day 21 in order to 
evaluate the motor performance (mean of crossings and rearing in 5 min) and the euthanasia was carried out at day 
28. The striatum and substantia nigra pars compacta (SNc) of rat brains were stained by immunohistochemistry for 
tyrosine-hydroxylase (TH). Comparisons between treatments in each experiment were made through one way 
ANOVA followed by Tukey post-hoc (p <0.05). 
Results: They were found formononetin (6.3 mg/g), liquiritigenin (10 mg/g), daidzein (3.1 mg/g) and biochanin A 
(7.2 mg/g) in the HERP. The HERP 10 m/kg (but not 50 mg/kg) and FN 20 mg/kg (but not 10 mg/kg) counteracted 
the 6-OHDA-induced impairment on crossings and rearing. In the SNc, the mean number of TH positive neurons 
was reduced after lesion and the values were increased when HERP 10 and FN 20 were given. Also, the 
dopaminergic innervation was preserved by HERP 10 and FN 20. 
Conclusions: Both HERP 10 mg/kg and FN 20 mg/kg protected from motor deficits and dopaminergic neuron loss 
induced by 6-OHDA. They can be, therefore, promising agents to be considered in the treatment of 
neurodegenerative-related movement disorders. 
References: [1] Freires et al. 2016. A pharmacological perspective on the use of Brazilian Red Propolis and its 
isolated compounds against human diseases. Eur J Med Chem 2016; 110:267-279; [2] Li et al., 2018. 
Neuroprotective effect of formononetin against TBI in rats via suppressing inflammatory reaction in cortical 
neurons. Biomed Pharmacother. 2018; 106:349-354. 

1212 
Blood–brain barrier breakdown in an adult mouse model of Parkinson’s disease 
F. Grano, E. Del-Bel (Ribeirão Preto, Brazil) 
Objective: This study aims to evaluate the integrity of the blood-brain barrier (BBB) in parkinsonism. 
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Background: Parkinson's disease (PD) is a neurodegenerative disorder which is accompanied by dopaminergic 
neuron loss and neuroinflammation, whose cause not yet been elucidated. In this context, a BBB dysfunction could 
be contributing to the onset or even amplifying the ongoing disease. Evans blue (EB) dye has been used as a tracer 
for the quantification of BBB breakdown in several neurological disorders; nevertheless, this method has not been 
used previously to evaluate the extension of the increasing of BBB permeability to large molecules, such as proteins, 
in PD. 
Methods: The amounts of accumulated stain in brains following injection in the jugular vein of a 2.5% solution of 
EB (4ml/kg of body weight) at 45 min of circulation time were evaluated in parkinsonism (unilaterally 6-OHDA-
lesioned mice) and levodopa-induced dyskinesia (LID) (L-DOPA, 25mg/kg i.p.; benserazide hydrazide 
hydrochloride, 10 mg/kg i.p.) in C57/BL6 adult mice (6 months of age). Intravenous injection of EB in sham-
operated and in saline-treated mice was also done. Afterwards, mice were killed and the brain was removed. Right 
and left striatum were put in formamide during 48h for dye extraction at room temperature. EB stain was measured 
by spectrophotometer and quantified according to a standard curve. All values obtained were corrected by 
background subtraction of naïve mice. 
Results: EB dye concentration has been detected in the lesioned striatum from all animals, except in sham or saline-
treated animals. There was no difference in parkinsonian animals (13.86 ± 8.67 ng EB / mg of tissue) and mice with 
LID (9.88 ± 2.98 ng EB / mg of tissue). 
Conclusions: These results show that BBB dysfunction occurs independently of L-DOPA treatment in parkinsonian 
mice. Collectively, these data provide strong evidence of BBB breakdown in PD, which would enable the entrance 
of large molecules within the brain, exacerbating neuroinflammation. Acknowledgements: This work was funded by 
grants from The São Paulo Research Foundation (FAPESP, grant number 2018/00461-1, to FGG; and FAPESP, 
2014/25029-4, to EDB) and the CNPq, grant number 402370/2016-3; and CNPq, 301639/2015-9 to EDB. 

1213 
Impaired LTP-like plasticity in Parkinson’s Disease can be restored by γ-transcranial alternating current 
stimulation 
A. Guerra, A. Suppa, F. Asci, V. D'Onofrio, V. Sveva, M. Bologna, A. Berardelli (Rome, Italy) 
Objective: To test whether the co-stimulation γ-transcranial alternating current stimulation (γ-tACS)-intermittent 
theta burst stimulation (iTBS) is effective in improving the impaired long-term potentiation (LTP)-like plasticity of 
the primary motor cortex (M1) in patients with Parkinson’s Disease (PD). 
Background: Several transcranial magnetic stimulation studies have shown that iTBS fails to induce long-lasting 
changes in motor evoked potentials (MEPs) in PD, supporting the evidence of an impaired LTP-like plasticity in 
M1. We have recently introduced a novel neurophysiological approach consisting in the combined stimulation of 
M1 by tACS, delivered at the γ frequency, and iTBS, which produced a significant boosting of the LTP-like 
plasticity in healthy young subjects. 
Methods: We designed a single-blinded placebo-controlled study in which patients (‘OFF’ dopaminergic therapy) 
underwent iTBS during ‘real’ γ-tACS and during ‘sham’ γ-tACS in two different randomized sessions. MEPs were 
recorded from the most affected side before (T0) and after 5 (T1), 15 (T2) and 30 (T3) minutes after the intervention 
to measure the after-effects produced by the stimulation. A group of age- and sex-matched healthy subjects (HS) 
was also studied to compare the effect of γ-tACS-iTBS with that obtained in patients. 
Results: In HS, ‘sham’ γ-tACS-iTBS produced a significant MEPs facilitation at T1 and T2. By contrast, the same 
stimulation did not induce long-lasting changes of MEPs in patients. When the effect of ‘real’ γ-tACS-iTBS was 
compared with that produced by ‘sham’ γ-tACS-iTBS, the analysis demonstrated an increased MEPs facilitation at 
all the time-points in the ‘real’ session in both groups. Importantly, in patients, the MEPs amplitude at T1, T2 and 
T3 was higher than those recorded at T0, and the amount of facilitation was comparable with that observed in HS. 
The effect produced by γ-tACS-iTBS was not related to the patient’s age, most affected side, stage of the disease or 
severity of the motor symptoms. 
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Conclusions: iTBS-induced LTP-like plasticity is impaired in PD. However, by synchronizing the neuronal 
elements of M1 at the γ rhythm by using tACS, the mechanisms responsible for altered LTP-like plasticity can be 
restored. Thus, γ oscillations of M1 have an important pathophysiological role in LTP-like plasticity in PD. 

1214 
The differential role of subthalamic and nigral neurons in gait control in Parkinson´s disease patients 
A. Gulberti, M. Horn, J. Wagner, M. Schaper, J. Koeppen, C. Buhmann, A. Sharott, M. Westphal, A.K. Engel, C. 
Gerloff, W. Hamel, C. Moll, M. Pötter-Nerger (Hamburg, Germany) 
Objective: The aim of the study was to identify and characterize subthalamic (STN) and nigral (SNr) neurons 
showing gait-related activity changes. 12 Parkinson’s disease (PD) patients had been tested with a gait-like motor 
paradigm during neurosurgery for deep brain stimulation (DBS) of the STN. 
Background: The Parkinsonian gait disorder and freezing of gait represent fairly understood, therapeutically 
demanding symptoms with considerable impact on quality of life. Aberrant neuronal activity within the STN and 
SNr, reverberating in subcortical basal ganglia-brainstem loops, might represent key elements in the pathogenesis of 
gait. A better understanding of the functional role of STN and SNr in gait control promote the optimization of novel 
therapeutic DBS approaches as the combined STN+SNr stimulation. 
Methods: Intraoperative microelectrode recordings during DBS surgery within the STN and SNr were performed. 
12 male patients (56 ± 7 years) suffering from moderate idiopathic PD participated in the study and performed 
stepping movements in a supine position. Stepping at self-paced speed for 35 s was followed by short periods of 
stepping in response to random start and stop cues. Single- and multi-unit activity was analysed offline in relation to 
different aspects of the stepping movement (start and stop of the movement, heel strike of the ipsi- and contralateral 
limb, movement velocity). 
Results: STN and SNr neurons responded to different aspects of the stepping task. In both structures, about 60 % of 
the units did not show any specific modulation related to the experimental paradigm. 30% of the subthalamic 
neurons exhibited movement-related activity modulation as an increase of the firing rate, revealing a predominant 
role of the STN in motor aspects of the task. The remaining 10 % of STN neurons showed a modulation in response 
to the start and stop signals. In contrast, respondent SNr neurons showed inconsistently modulation by motor aspects 
(14 %), but predominant activity changes during “cognitive” aspects of the stepping task (29 % was changing the 
firing rate in response to the start and stop cues). 
Conclusions: This study shows for the first time specific, task-related, single unit activity changes during gait-like 
movements in humans. We propose differential roles of the STN and SNr cells for motor and cognitive aspects 
within gait control. 

1215 
Cortical gamma oscillations as biomarkers for levodopa-induced dyskinesia 
C. Güttler, J. Altschüler, K. Tanev, S. Böckmann, J.K. Haumesser, A. Kühn, C. van Riesen (Berlin, Germany) 
Objective: The aim of our study was to characterize cortical neuronal network activity in levodopa-induced 
dyskinesia in order to better understand the underlying pathophysiology and to find new biomarkers that can be 
utilized for adaptive deep brain stimulation therapy. 
Background: Levodopa is the most efficacious drug in the symptomatic therapy of motor symptoms in Parkinson´s 
disease (PD). The long-term treatment with levodopa is often complicated by the occurrence of troublesome 
involuntary hyperkinesia, so called levodopa-induced dyskinesia (LID), which severely affects the quality of life of 
patients. Recent evidence suggests that LID might be mediated by increased gamma oscillations in the cortico-basal 
ganglia loop. 
Methods: We recorded local field potentials from the primary motor cortex (M1) and videotaped motor behavior in 
freely moving rats before and after an unilateral 6-OHDA lesion as well as during a 3-week treatment with 
levodopa. In addition, the effects of coadminstration of levodopa and the dopamine receptor antagonists SCH-23390 
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(D1) and raclopride (D2) were studied. Power spectra and burst parameters were analyzed. Results were correlated 
with the abnormal involuntary movement score (AIMS) and used for generalized linear modeling (GLM). 
Results: Following the 6-OHDA lesion, rats showed profound hemiakinesia and cortical beta oscillations. Levodopa 
reverted motor impairment, suppressed beta activity and, with repeated administration, led to a progressive 
enhancement of AIMS. Concurrently, we observed a highly significant increase in gamma oscillation power and 
peak frequency (range: 80-120 Hz). In addition, levodopa caused a shift towards longer and higher gamma bursts. 
While AIMS, gamma oscillations, and most gamma burst parameters reached their maximum following the 4th 
injection and remained on a stable plateau thereafter, the peak frequency of the gamma power continued to rise with 
every injection. Both SCH-23390 and raclopride suppressed gamma oscillations and AIMS to varying degrees. The 
electrophysiological parameter exhibiting the strongest correlation with AIMS proved to be the size of the fraction 
of longest gamma bursts. GLM performance in predicting AIMS above 3 reached a ROC-AUC of 0,97. 
Conclusions: Gamma oscillations are related to LID and should be further studied as a network biomarker for 
adaptive deep brain stimulation. 

1216 
Effects of an intensive rehabilitation program (SIROCCO) on prefrontal activity during walking in patients 
with Parkinson Disease 
I. Hoang, M. Ranchet, M. Cheminon, R. Derollepot, H. Devos, S. Perrey, J. Luauté, L. Paire-Ficout, T. Danaila 
(Bron, France) 
Objective: To investigate the effects of a 5-weeks intensive rehabilitation program on prefrontal activation during 
walking in patients with Parkinson Disease (PD). 
Background: Several studies showed beneficial effects of physical exercise on cognition and prefrontal plasticity in 
patients with PD. In Lyon (France), an intensive collective multidisciplinary rehabilitation program was developed 
for PD patients, focusing on intensive-high amplitude movements and loudness in the speech. Several types of 
exercises are conducted such as adapted physical activity, occupational, speech and physical therapy, 5 days a week 
during 5 weeks. 
Methods: In this on-going study, PD patients are assessed at 3 different times: 5 weeks before beginning the 
program (T0), few days before (T1) and one week after (T2). At each assessment, participants perform three 
conditions: (1) a single-task self-selected walking, (2) a dual-task walking while subtracting and (3) a subtracting 
task while standing. A portable functional near infrared spectroscopy (fNIRS) system measures the dorsolateral 
prefrontal cortex (DLPFC) activation, i.e., changes in oxygenated hemoglobin concentrations. Two foot-sensors are 
used to extract gait features such as gait speed. 
Results: To date, we collected data from only 6 patients. Premilinary results indicate that in the single-task walking, 
DLPFC activity in patients decreased at T2 compared to T0 and T1 whereas gait speed increased. In the dual task 
walking, DLPFC activity increased at T2 compared to T0 and T1 along with gait speed and the number of correct 
subtractions. In the single task subtracting, DLPFC activity increased at T2 compared to T0 and T1 as well as the 
number of correct subtractions. Statistical analysis will be performed in a larger sample size. 
Conclusions: Our preliminary results suggest that this rehabilitation program modifies the prefrontal activation in 
PD patients. A decrease of prefrontal activity during the single task walking after the program may indicate that PD 
patients need fewer cognitive resources to walk in simple condition. Moreover, an increase of prefrontal activity 
during the dual task walking with an improvement of gait speed after the program may reflect a better utilization of 
cognitive resources to allow better walking performance during complex conditions. 

1217 
Directional lead local field potentials show distinct spatial resolution 
J. Jimenez-Shahed, M. Ozturk, A. Viswanathan, S. Sheth, N. Ince (Houston, TX, USA) 
Objective: To characterize the spatio-spectral patterns of local field potentials (LFPs) in the subthalamic nucleus 
(STN) recorded from segmented DBS electrodes. 
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Background: PD patients in the “off” medication state demonstrate increased beta band power at rest in both the 
STN and the GPi (1). Levodopa intake, and subsequent motor improvement, correlates with decreased beta band 
power in both the STN and GPi [1]. LFP activity recorded post operatively can serve as a neuro-biomarker to predict 
the optimal contact for stimulation [2]. Limited additional research has explored the functional use of directional 
LFPs. 
Methods: 6 subjects with PD undergoing bilateral STN DBS surgery were recruited. The LFP recordings were 
made from the segmented DBS macroelectrode (Abbott Infinity leads 6172) using a gHIamp biosignal amplifier 
(Gtec Inc., Austria) at 2.4 kHz and 24-bit resolution, during periods of rest. LFPs from individual directional 
contacts were derived by common-average referencing.  Synchronized electromyogram and video recordings were 
obtained in order to  identify resting and movement periods. The recorded data was converted to Matlab 
(Mathworks, Natick MA) format, as described previously [2] for offline analysis using signal processing and 
spectrum estimation techniques. 
Results: LFP data from 12 STN electrodes were successfully obtained and processed. Power-spectral-density maps 
showed distinct spatial resolution of excessive beta band (13-30Hz) power at rest amongst the 8 contacts on the 
segmented leads in all patients. The phase of beta activity modulated the amplitude of the co-existent high frequency 
oscillations (HFOs, 200-400Hz), indicating the presence of beta-HFO cross frequency coupling (CFC), which was 
also distributed in a distinct spatial manner across the contacts [figure 1]. 
Conclusions: To our knowledge, this is the first time that beta-HFO CFC has been demonstrated in LFP recordings 
from directional leads. These preliminary data suggest that beta power or beta-HFO CFC could be used to guide 
optimal contact selection when directional leads are used. Such findings could improve efficiency of DBS 
programming. 
 
Figure 1: LFP characteristics across directional contacts. (A) Labeling of the individual contacts of the directional 
lead (Abbott Infinity 6172). (B) CFC (left) and spectra (right) of resting state LFP activity from individual contacts 
in a representative patient. 
References: 1. Brown et al, ‘Dopamine Dependency of Oscillations between Subthalamic Nucleus and Pallidum in 
Parkinson's Disease’. J Neurosci 2001, 21(3):1033-1038. 2. Ince et al., ‘Selection of Optimal Programming Contacts 
Based on Local Field Potential Recordings From Subthalamic Nucleus in Patients With Parkinson's Disease’. 
Neurosurgery 2010;67(2):390-7. 
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1218 
Correlation of P300 parameters with cognition and impulse control disorders in patients with idiopathic 
Parkinson's disease 
R. Kandadai, R. Annakula, S. Sarva, S. Meka, T. Syed, S. Tandra, S. Turaga, R. Borgohain (Hyderabad, India) 
Objective: To evaluate prevalence of impulse control disorders in patients with Parkinson's disease(PD), assess 
P300 latencies and look for any correlation between P300 latencies and impulse control disorders 
Background: P300 is an endogenous, event related potential which expresses the electrical activity of the brain in 
decision making and control of behaviour.  Impulse control disorders (ICDs) are common in PD. P300 latencies are 
associated with cognitive impairment in patients with PD but its association with ICDs are not clear. 
Methods: 50 PD patients with normal cognition (MOCA ≥26) and moderate disease H and Y score of ≤4 were 
recruited. After recording the demographic data and UPDRS –III scores during medication 'On' and 'Off' state, ICDs 
were measured using QUIP-RS score. P300 latency was measured on Natus Synergy ENMG machine using odd ball 
paradigm. Statistical analysis - Continuous variables were measured in mean with standard deviation. Based on 
normative data, the cohort was divided into two groups of normal and abnormal P300 latencies and Kruskall Wallis 
H test was used to assess the difference in various parameters. 
Results: Among 50 PD patients, 43 were men. Mean age of the patients was 56.2+ 8.7 years.Mean disease duration 
was 4.1+ 0.8 years. Mean Hand Y score, UPDRS III scores in 'off' and 'on' were 2.0+0.7, 43.4+10.8, 13.8+5.0 
respectively. Mean MoCA was 27.98+2.08. 14(28%) had one or more ICDs with a mean QUIP-RS score of 
3.57+1.11. P300 latencies were normal in 14 (28%), prolonged in 29 (58%) and absent in 7 (14%). 
On comparison of the two groups with normal and abnormal P300 latencies,  significantly, older age,  longer disease 
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duration, reduced MoCA, presence of ICDs, more severe stage of disease and poorer quality of life scores were 
associated with P300 latency abnormality.(Table 1). None of the patients with normal P300 had impulse control 
disorders. On multiple logistic regression analysis, significant association was found with disease duration and 
MoCA scores. 
Conclusions: P300 latencies are easily measurable and are normal only in 28% of PD patients and abnormal in 
72%. Significant association was noted with disease duration and cognition (MoCA). Impulse control disorders were 
noted in 28% and were absent in patients with normal P300. P300 latency may be a useful guide in assessing 
cognition and risk of developing ICDs in PD patients 

 

1219 
Tsallis entropy of EEG correlates with future cognitive decline in patients with Parkinson’s disease 
S.M. Keller, A. Meyer, J.G. Bogaarts, U. Gschwandtner, P. Fuhr, V. Roth (Basel, Switzerland) 
Objective: To evaluate whether Tsallis entropy (TE) constitutes a possible functional characterization of 
neurodegeneration and a measure to predict progression of Parkinson’s disease (PD). 
Background: TE, a concept of statistical physics, has successfully been applied to EEG recordings for prediction of 
cognitive decline in Alzheimer’s disease (AD) [Sneddon et al., 2006]. With the advent of modern treatment concepts 
for motor signs of PD, prognosis of PD largely depends on cognitive decline. Therefore, if TE of EEG recordings 
allows prediction of cognitive decline also in PD, it might allow to determine the overall prognosis of PD. 
Methods: EEG of 46 PD patients and 16 healthy controls matched for age, sex and education were compared. EEG 
recordings were obtained during eyes open (EO) as well as eyes closed (EC) condition. Relative band power (delta, 
theta, alpha and beta/gamma) as well as TE were evaluated specifically on regions where healthy controls (HC) and 
patients suffering from PD showed distinct differences. These results were then compared across groups with 
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psychological test scores at baseline and 3 year follow-up with scores from comprehensive psychological testing. 
Statistical analysis included tree based gradient boosting classification and Pearson’s correlation. 
Results: Compared to healthy controls, patients with PD show lower TE, especially over frontal regions in the theta 
band. TE in the left temporal region showed a significant correlation with psychological test scores for attention, 
fluency and working Memory after 3 years. TE during EC condition correlated with cognitive outcome: r=0.29; 
p=0.047. In EO condition the correlations were: 0.31 < r < 0.44; 0.002 < p < 0.04. 
Conclusions: TE is reduced in PD. This points to increased coupling between neural generators and might be a sign 
of reduced information processing capacity. 
TE measured during EO condition is significantly correlated with future cognitive decline of PD patients.TE 
measured during EO condition is significantly correlated with future cognitive decline of PD patients. 
References: [Sneddon et al., 2006] Sneddon, R., Shankle, W. R., Hara, J., Rodriquez, A., Hoffman, D., and Saha, U. 
(2006). QEEG Monitoring of Alzheimer’s Disease Treatment: A preliminary report of three case studies. Clinical 
EEG and Neuroscience, 37(1):54–59. 

1220 
To respond or not to respond to paired associative stimulation: proof of intervention by cerebello-cortical 
circuit 
A. Kishore, P. James, P. Rajeswari, A. Thejaus, G. Sarma, S. Meunier (Trivandrum, India) 
Objective: To test whether the non-responder or responder status of primary motor cortex (M1) to an LTP- inducing 
paired associative stimulation (PAS) protocol in healthy young adults is a fixed state or is reversible if primed by 
cerebellar stimulation. 
Background: The average response of M1 to PAS is reportedly age-dependent but 15-30% of young adults are non 
responders which questions the role of age. The non responder status was also suggested to be influenced by genetic 
polymorphism in BDNF. 
Methods: 19 right-handed subjects were classified as 8 responders (25.5 ± 7.5 years) and 11 non responders (23.7± 
2.1years) to PAS applied to left M1 in the session 1. In sessions 2 and 3 in random order, PAS protocol was 
preceded 5 minutes by either a continuous theta burst stimulation (cTBS CB-PAS) or intermittent theta burst 
stimulation (iTBS CB-PAS) applied to the right cerebellum. Motor thresholds and short interval intracortical 
inhibition (SICI) were tested at baseline and after each of these interventions. 
Results: In non-responders, cTBS CB-PAS enhanced the MEPs (P<0.0001) while iTBS CB-PAS depressed the 
MEPs (P = 0.03 ). In responders, cTBS CB did not change the amplitude of the MEPs (P = 0.8) while iTBS CB 
depressed the MEPs (P<0.0001). Thus, non responders to PAS could convert to responders if cTBS CB preceded 
PAS. Similarly, responders to PAS could become non responders if iTBS CB preceded PAS. In the whole group, 
higher levels of LTP-like response to PAS was associated with higher level of SICI following PAS. Higher levels of 
LTP-like response to cTBS CB-PAS in non responders was also associated with a stronger SICI. 
Conclusions: These results show that response or lack of it to PAS at M1 is not a fixed status as it is likely to 
be,among other factors, under cerebellar influence. Thus basal activities in the cerebello-cortical circuit can 
influence susceptibility of synapses in M1 to undergo LTP/LTD. Such a flexibility raises the issue of how to 
interpret a change in the amount of PAS response in pathophysiology studies as it may be related to a local (M1) or 
remote (cerebellum) pathology. In physiological conditions such a flexibility maybe relevant for motor learning and 
for consolidation of correct motor memories. 

1221 
The effects of onabotulinum toxin on neurophysiological tests in patients with hemifacial spasm 
O. Kocak, A. Tokcaer (Ankara, Turkey) 
Objective: We aimed to investigate effects of onabotulinum toxin (OnaBoNT) on clinical and neurophysiological 
findings of patients with hemifacial spasm (HFS). 
Background: There is a general belief that the hyperexcitability of facial nerve or the facial nucleus responsible for 
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HFS. Some studies showed that stimulation of the supraorbital nerve elicits  a blink reflex in the orbicularis oris and 
other facial muscles in addition orbicularis oculi muscle.  This finding  is accepted as electrophysiologic evidence of 
synkinesis and reflexive activation of the facial nucleus which leads to a lateral spread at the nucleus level and more 
distally. Regarding the literature, in this study we evaluated effect of OnaBoNT on spreading of blink reflex. 
Methods: Sixteen patients with HFS and 30 healthy controls participated in this study.   We recorded  blink reflexes 
of orbicularis oculi  (o. oculi) and oris  muscles bilaterally.  We also studied the compound muscle action potential 
(CMAP) of o. oculi muscle and repetitive nerve stimulation test (3c/s) on this muscle. Neurophysiological tests were 
held before treatment and  one  week, one and three month after OnaBoNT injection  in patients group. We also 
evaluated HFS severity and HFS-7 quality of life scale at every visit. 
Results: There was significant decrease in HFS severity and HFS-7 quality of life scale scores at follow up visits. 
CMAP amplitudes of o.oculi muscles were significantly low than basal values after OnaBoNT injection . 
Decremental responses at these muscles  were observed after treatment. The latencies of the blink reflexes of the 
affected o. oculi and o. oris muscles were significantly prolonged at posttreatment first and thirth month. We also 
observed a correlation between HFS severity and  synkinetic response amplitude and area of o. oris muscle. 
Conclusions: This study shows that OnaBoNT has an effect on the brainstem circuits by suppressing the excitability 
of the facial nerve motor nucleus as well as its effect on transmission neuromuscular junction. 

1222 
Effect of rTMS over supplementary motor area on motor cortical excitability: a study using realistic sham 
stimulation as placebo 
S. Kodama, M. Hamada, Y. Shirota, T. Sasaki, K. Sato, J. Otsuka, C. Hosoda, Y. Ugawa, T. Toda (Tokyo, Japan) 
Objective: To clarify the neurophysiological after-effect of repetitive transcranial magnetic stimulation (rTMS) over 
supplementary motor area (SMA) which had been shown to improve motor symptoms in Parkinson’s disease (PD). 
Background: It is well known that after-effects of rTMS over primary motor cortex (M1) are stimulation frequency 
dependent: low-frequency stimulation induces suppression of cortical excitability whereas high-frequency rTMS 
produces facilitation. In contrast, such stimulation frequency dependency has not been clearly shown in rTMS over 
SMA. Given that both low- (1Hz) and high-frequency (5Hz) rTMS over SMA improve motor symptoms in PD 
compared with realistic sham stimulation (i.e. placebo stimulation) (Hamada et al., 2008; Shirota et al., 2013), 
neurophysiological after-effects of low and high frequency rTMS over SMA could be different from those over M1. 
We therefore investigated the effects of 1 Hz, 5 Hz and 10 Hz rTMS over SMA on motor cortical excitability. 
Methods: Subjects were seventeen right-handed healthy volunteers (12 men, mean age 30.9 ± 6.5 years). rTMS 
consists of total 1000 pulses of 1 Hz, 5 Hz, 10 Hz and realistic sham stimulation over SMA at intensity of 110% 
active motor threshold for the tibialis anterior (TA) muscle. We recorded motor evoked potentials (MEP) from the 
right first dorsal interosseous (FDI) muscle and measured MEP amplitudes, short-intracortical inhibition (SICI) and 
intracortical facilitation (ICF) at the timing as follows: before, immediately (T0), 15 min (T15) and 30 min (T30) 
after the end of each rTMS condition. 
Results: We found significant MEP changes after 1Hz rTMS (suppression) and 10 Hz rTMS (facilitation), whereas 
no changes after 5Hz rTMS and realistic sham stimulation. SICI and ICF did not show significant changes after any 
rTMS conditions. 
Conclusions: Although our results showed that after-effects of rTMS over SMA were stimulation frequency-
dependent, 5 Hz rTMS did not show any significant MEP changes, indicating that stimulation frequency dependency 
seems to be different between M1 and SMA. Furthermore, even though both low and high frequency rTMS have a 
similar therapeutic effect for PD, the results showed that neurophysiological after-effects are different between 
conditions, suggesting that behavioural effects of rTMS may not necessarily be comparable to neurophysiological 
effects. 
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1223 
Continuous levodopa- carbidopa gel recovers motor cortex plasticity in advanced Parkinson’s disease 
K. Kolmancic, N. Prezelj, N. Kriznar Zupancic, M. Trost, D. Flisar, M. Gregoric Kramberger, R. Rajnar, Z. 
Pirtosek, M. Kojovic (Ljubljana, Slovenia) 
Objective: The objective of this study was to investigate if continuous infusion of levodopa- carbidopa gel (LCIG) 
improves motor complications of Parkinson's disease (PD) and reverse its associated maladaptive changes of 
plasticity. 
Background: In PD chronic pulsatile treatment with oral levodopa causes maladaptive changes in the cortico- basal 
ganglia- talamo- cortical circuit, which underlie motor complications such as motor fluctuations and levodopa- 
induced dyskinesias. Using transcranial magnetic stimulation (TMS), these changes may be detected at the level of 
sensorimotor cortex and consist of an absent response to plasticity protocols even when patients are tested under 
dopaminergic medications. 
Methods: 17 patients with advanced PD with average age 72.5 and disease duration 14 years have been enrolled so 
far. All of them underwent TMS experiments two days before and ten amongst them six months after 
the introduction of LCIG. We measured motor thresholds, input/output curve, intracortical inhibition and response to 
intermittent theta burst stimulation (iTBS) plasticity protocol over the hemisphere corresponding to the more 
affected side.  Patients were in the clinically defined »on« state. Clinical assessment was performed using MDS- 
UPDRS part III and IV scales. 
Results: There was no significant change in the UPDRS part III in the »on« state, however there was a clear trend 
for improvement of motor complications with LCIG (MDS-UPDRS part IV; p=0.12). While the response to iTBS 
was absent on oral dopaminergic medications, LCIG significantly recovered motor cortex plasticity (p=0.020) 
(Figure 1). There were no changes in other TMS parameters. 
Conclusions: LCIG is able to restore impaired response to iTBS, in parallel with an improvement in motor 
complications. Continuous dopaminergic treatment may reverse maladaptive changes related to chronic pulsatile 
dopaminergic treatment. 
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1224 
Local beta band synchronization predicts clinically-selected deep brain stimulation contact in Parkinson’s 
disease patients 
W. Lipski, H.J. Park, A. Jorge, A. Kent, Y. Pathak, R.M. Richardson (Pittsburgh, PA, USA) 
Objective: To determine whether local field potential (LFP) recordings from segmented deep brain stimulation 
(DBS) leads in the subthalamic nucleus (STN) and the globus pallidus internus (GPi) of Parkinson’s disease (PD) 
patients predict the active contact chosen for initial stimulation. 
Background: The beta frequency band (13-30 Hz) power of LFP recordings from segmented DBS leads has been 
shown to be strongly correlated with the clinical efficacy of the stimulation contact selection [1]. In addition to beta 
oscillation, PD is also characterized by hyper-synchronization in the cortico-basal ganglia network. Therefore, we 
provide a local network-based analysis of LFP recordings with directional leads to select the optimal stimulation 
contact for DBS programming. 
Methods: Nine PD patients were implanted with Abbott directional DBS leads (Model 6172) targeted at STN (n=6) 
or GPi (n=3). During DBS lead implantation surgeries, resting state LFPs were recorded with the Grapevine Neural 
Interface System (Ripple, Inc) while patients were fully awake. The power spectral density was calculated for each 
channel and the oscillatory spectral bands were estimated using the Gaussian mixture model [2]. The spectral 
coherence was then calculated between each contact pair and the degree of synchronization was measured using 
eigenvector centrality of the coherence matrix [3,4]. The corresponding eigenvector is hypothesized to reflect how 
effective the stimulation at each contact would be at de-synchronizing the pathological network. The results of this 
network-based analysis of LFPs were compared retrospectively to results from standard monopolar review during 
the initial programming session for each patient. 
Results: In 7 out of 9 subjects (78%), the contacts with the highest or second highest beta oscillatory band 
coherence eigenvector centrality were selected for DBS programming (p=0.082, bootstrapping with N=10,000; see 
example in Figure 1). In the other 2 subjects, the monopolar review indicated that the stimulation with the contact of 
the highest beta band coherence eigenvector centrality resulted in the therapeutic benefits, although these contacts 
were not chosen in the initial programming. 
Conclusions: Synchronization analysis of LFPs could serve as a directly actionable biomarker of DBS outcomes 
guiding optimal contact selection, thus improving the accuracy and efficiency of DBS programming. 
References: 1. Tinkhauser et. al., Directional Local Field Potentials: A tool to optimize deep brain stimulation, 
Movement disorders, 33(1): 159-164, 2018 2. Haller et. al., Parameterizing neural power spectra, doi: 
http://dx.doi.org/10.1101/299859, 2018 3. Yaffe et. al., Brain state evolution during seizure and under anesthesia: a 
network-based analysis of stereotaxic EEG activity in drug-resistance epilepsy patients, IEEE EMBS, 5158-61, 2012 
4. M. E. J. Newman, Mathematics of networks, The New Palgrav Encyclopedia of Economics, 2nd edition, L. E. 
Blume and S. N. Durlauf (eds.), Palgrave Macmillan, Basingstoke (2008) 
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1225 
Characterising the role of alpha-synuclein in ferroptotic programmed cell death in the context of Parkinson's 
Disease 
L. Mahoney-Sánchez, H. Bouchaoui, K. Timmerman, A. Jonneaux, S. Ayton, J. Duce, J.C. Devedjian, D. Devos 
(Lille, France) 
Objective: Despite the involvement of alpha synuclein (α-syn) pathology in Parkinson's disease (PD) pathology, the 
consequences on the neuropathology and the type of programmed cell death remain unclear. Here we aim to 
highlight a pivotal interplay between α-syn and ferroptosis, a novel regulated iron-dependent cell death pathway. By 
modifying endogenous α-syn we aim to determine whether there are changes in susceptibility to ferroptosis. 
Background: Iron accumulation and intracellular inclusion of aggregated α-syn are two main hallmarks in 
Parkinson's disease (PD). Mutations in the SNCA gene encoding α-syn result in familial PD. Iron deposition in the 
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brain tightly correlates with α-syn deposition in the dorsal substantia nigra and cortex [1]. Recently, we have shown 
that a novel regulated cell death pathway termed ferroptosis, defined by iron-dependent lipid peroxidation, is 
predominant in pro-oxidant models of PD [2] 
Methods: Via CRISPR/Cas 9 we have modulated endogenous α-syn (knock out, overexpression and exon deletions) 
and created stable cells lines from LUHMES cells, a human neuronal cell line, which can be differentiated into 
dopaminergic neurons. Cell death in response to two different ferroptosis inducers - Erastin and RSL3, which act on 
different parts of the pathway, was measured by resazurin assay. Levels of lipid peroxidation were equally assessed 
with C11-BODIPY by flow cytomery. 
Results: We have observed that the absence of wild type α-syn conferred a protection against two ferroptosis 
inducers- Erastin and RSL3. This difference in cell viability was specific to ferroptosis since no difference was 
observed when inducing apoptosis or autophagic cell death by staurosporine or rapamycin respectively. Levels of 
lipid peroxidation in response to Erastin or RSL3 were significantly less in the dopaminergic neurons lacking wild 
type α-syn. 
Conclusions: For several years, anti-apoptotic drugs have failed to afford any improvement in neuroprotection. For 
the first time, ferroptosis could represent the missing part to the puzzle in explaining the vicious circle between 
synucleinopathy, iron accumulation and subsequent cell death in Parkinson's disease. 
References: [1] Acosta-Cabronero J et al. Brain 2017; 140:118-131 [2] Do Van, B et al. Neurobiol Dis 2016; 
94:169-178 

1226 
Orthostatic Tremor Mimics: A Case Series 
M. Minar, I. Straka, Z. Kosutzka (Bratislava, Slovakia) 
Objective: To assess the importance of polymyographic registration of abnormal movements in differential 
diagnosis of tremor in orthostatism. 
Background: Orthostatic tremor (OT) is typical with extremely synchronous high frequency bursts in lower limbs, 
described as instability by patients. Despite having this specific presentation, it could be mimicked by other 
disorders (1). 
Methods: We examined three patients who were referred with suspicion for orthostatic tremor. They were examined 
with Neuro-MEP-8CH EMG machine in different positions/situations. 
Results: Case 1: 
83-years old woman had a four-year history of unsteadiness while standing, less pronounced while walking. Patient 
presented with hypomimia, mild asymmetrical equivalent parkinsonism, severe postural instability with significant 
improvement with only subtle support. EMG revealed asynchronous high-frequency burst of 50-80 ms in an action – 
with elevation of lower limbs, while standing and walking. On the upper limbs, there was asymmetrical 4.5 Hz 
synchronous tremor consistent with parkinsonian tremor. We concluded orthostatic myoclonus associated with 
Parkinson’s disease (PD). 
Case 2: 
66-years old woman with DaT-SPECT confirmed PD, had been experiencing tremor of lower limbs while standing, 
which vanished while walking, and improved after levodopa introduction. We found tremor of lateral vasti muscles 
and anterior tibial muscles with a frequency of 10 Hz few seconds after standing up, followed by tremor of 5.4 Hz. 
We confirmed combination of slow orthostatic tremor and typical parkinsonian tremor in PD. 
Case 3: 
24-years old woman had suffered from episodes of high-frequency tremor of both lower limbs while standing or 
while sitting with feet on the floor, not present while walking. Lower limbs EMG disclose distractible tremor of 
lower limbs with variable frequency and burst duration in different situations. Together with patient’s history of 
sudden onset and episodic character clustered during periods of stress exposure, we concluded functional tremor. 
Conclusions: Polymyographic registration of abnormal movements is an perfect tool which enables clinicians to 
distinguish various types of hyperkinetic syndromes connected with up-right position. 
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References: (1) Apartis E, Tison F, Arne P, Jedynak CP, Vidailhet M. Fast orthostatic tremor in Parkinson’s disease 
mimicking primary orthostatic tremor. Mov Disord 2001;16:1133-1136. 

1227 
Serotonergic function in De Novo Parkinson’s Disease 
H.K. Park, J.J. Lee, Y.M. Park (Goyang, Republic of Korea) 
Objective: We aimed to investigate the central serotonergic function in de novo PD and change in serotonergic 
function with dopaminergic medications. 
Background: While dopaminergic dysfunction has been the focus of attention in Parkinson’s disease (PD) for 
decades, serotonergic dysfunction in central nervous system may also play an important role in motor and non-motor 
symptoms in PD. 
Methods: A total of 30 patients with unmedicated PD were enrolled between September 2013 and January 2017. 
All subjects underwent comprehensive neurological examination, laboratory tests, brain magnetic resonance 
imaging, Unified Parkinson’s Disease Rating Scale (UPDRS), and loudness dependence of the auditory evoked 
potentials (LDAEP). The latencies and amplitudes of N1 and P2 peaks were measured at the Cz electrodes and 
LDAEP was calculated as the slope of the two peaks with five stimulus intensities. LDAEPs were performed twice, 
at baseline (pre-LDAEP) and at12 weeks (post-LDAEP) after dopaminergic medications. 
Results: The mean age was 68.9 years (SD, 11.1), and the mean age at onset was 67.2 years (SD, 11.7). Male 
patients accounted for 66.7% (N=20). The modified Hoehn and Yahr stage was 2.2 (SD, 0.5) and mean score of 
UPDRS III was 31.9 (SD, 13.2). After 12 weeks, the mean dose of levodopa equivalent dose was 436.4 (SD, 175.4). 
There was only a trend but not statistically signification correlations between age at onset and pre-LDAEP (p=0.06). 
There were no significant differences in demographics, pre-LDAEP, and post-LDAEP between male and female 
patients. 
Conclusions: This study suggests that serotonergic functions might be relatively preserved in earlier-onset of PD 
patients. The findings of this study may shed light on levodopa-induced dyskinesia or impulsivity in earlier-onset of 
PD. 

1228 
Shuffling gait may be pitfall in neurological examination in Parkinson’s disease 
J. Park, H.T. Kim (Busan, Republic of Korea) 
Objective: The purpose of this study is to investigate the gait in early stage of PD who did not complain of gait 
disturbance using three-dimensional (3D) motion capture. 
Background: Gait disturbance is a cardinal symptom in Parkinson’s disease (PD). However, gait disturbance is 
frequently unveiled in early stage PD especially in tremor dominant type. With technical development, gait analysis 
is enable to measure and discriminate gait pattern objectively. We compare gait parameter from 3D motion capture 
in PD patients with and without gait disturbance and control group. 
Methods: 46 patients diagnosed as PD and 19 age-matched control were enrolled. 31 PD patients were suffered 
from gait disturbance and 15 patients did not. All participants were asked to walk under three 3D motion capture, 
and were performed several clinical scales including Hoehn and Yahr (H&Y) stage, Tinetti mobility test (TMT), 
Timed-up and go test (TUG). We compare the gait parameter among groups. 
Results: Among various gait parameters, foot height is significant different in PD without gait disturbance 
compared to control. Other parameters including step, stride length and walking speed did not show differences 
between PD without gait disturbance and control.  TUG is significantly correlated with foot heights than other 
clinical scales. 
Conclusions: We found that foot height which reflect shuffling gait is decreased in PD without gait disturbance. 
These findings suggest that shuffling gait may be easily underestimated, and clinician judge gait status based on 
walking speed or step length. Our results support that gait analysis may provide helpful information to detect sub-
clinical gait disturbance in early stage of PD. 
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1229 
Central cholinergic activity and risk of falls in patients with Parkinson’s disease and freezing of gait 
E. Pelosin, G. Lagravinese, G. Bonassi, M. Putzolu, A. Mirelman, R. Marchese, L. Avanzino (Genova, Italy) 
Objective: We evaluated whether changes in cholinergic function might be related to increased fall risk in PD 
patients with Freezing of Gait (FoG). 
Background: FoG is a severe episodic gait disturbance in patients with Parkinson's Disease (PD), associated with 
higher risk of falls. A PET study showed that PD patients with FoG display cholinergic deficits selectively driven by 
nucleus basalis of Meynert neocortical denervation (Bohnen et al., 2014). In humans, cholinergic activity can be also 
estimated with short latency afferent inhibition (SAI), a transcranial magnetic stimulation technique that assesses an 
inhibitory circuit in the sensorimotor cortex.  To date, only one study investigated if changes in SAI might be 
associated with FoG (Picillo et al., 2015) and it failed. On the other hand, we recently showed SAI impairment in 
PD patients and elderly at high risk of falls (Pelosin et al., 2016). 
Methods: 31 PD patients with FoG (14 women; mean age 73.06 ± 4.23 SD), enrolled in the V-Time study, 
participated in this sub-study. Patients were divided into two groups on the basis of falls number ((=2 (falls2) or ≥3 
(falls3+) in the previous 6 months). Disease severity was assessed with the UPDRS and FoG with the New FoG 
questionnaire (NFOG-Q). Cholinergic activity was estimated by means of SAI. Global cognition was tested with the 
Montreal Cognitive Assessment. 
Results: Twenty participants were included in the falls3+ group, whereas eleven participants were enrolled in the 
falls2 group. Groups were similar for age, gender and disease duration (p always > 0.05). Results showed that SAI 
was reduced (i.e., less cholinergic activity) in PD patients with FoG in the falls3+ than in those in falls2 group 
(p=0.02). Patients in falls3+ group showed higher UPDRS score (p=0.04), worse impact of FoG on daily life 
(NFOG-Q Part III; p=0.01), worse short-term memory performance (delayed recall test; p=0.03). 
Conclusions: Patients with FoG and recurrent falls had a significant impairment of SAI, suggesting reduced central 
cholinergic activity. This neurophysiological pattern was associated with cognitive dysfunction, related to short-term 
memory. SAI abnormalities and presence of cognitive impairment strongly support the hypothesis of cholinergic 
dysfunction in increasing fall risk in PD patients with FoG. 
References: Bohnen NI, Frey KA, Studenski S, Kotagal V, Koeppe RA, Constantine GM et al. Extra-nigral 
pathological condi- tions are common in Parkinson’s disease with freezing of gait: an in vivo positron emission 
tomography study. Mov Disord. 2014 29:1118–1124 Pelosin E, Ogliastro C, Lagravinese G, Bonassi G, Mirelman 
A, Hausdorff JM, Abbruzzese G, Avanzino L. Attentional Control of Gait and Falls: Is Cholinergic Dysfunction a 
Common Substrate in the Elderly and Parkinson's Disease? Front Aging Neurosci. 2016 May 9;8:104. Picillo M, 
Dubbioso R, Iodice R, Iavarone A, Pisciotta C, Spina E, Santoro L, Barone P, Amboni M, Manganelli F. Short-
latency afferent inhibition in patients with Parkinson's disease and freezing of gait. J Neural Transm (Vienna). 2015 
Nov;122(11):1533-40. 

1230 
Ginsenoside Rb1 Prevents MPTP-Induced Changes in Hippocampal Memory via Regulation of the α-
Synuclein/PSD-95 Pathway 
S. Qu, Y. Zhang, X. Meng, Y. Liu, X. Zhang (Foshan, China) 
Objective: To explore the effects of ginsenoside Rb1 on the cognitive impairment of Parkinson’s disease (PD) 
model. 
Background: Memory deficiency is a common non-motor symptom of PD, and conventionally, α-synuclein is 
considered to be an important biomarker for both motor and cognitive characteristics attributed to PD. However, the 
role of physiological α-synuclein in cognitive impairment remains undetermined. Ginsenoside Rb1 has been shown 
to protect dopaminergic neurons (DA) from death and inhibit α-synuclein fibrillation and toxicity in vitro. Whether 
Rb1 can improve memory deficiency in the PD animal model and the underlying mechanism is still unknown. 
Methods: We cultured primary hippocampal neuron and used 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) to construct the mouse model of PD. Morris water maze test was used to examine the effects of Rb1 on the 
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memory deficits. Western blot and immunostaining were used to explore the effects of Rb1 on the α-synuclein 
expression. Stereotaxic injection of α-synuclein shRNA in the hippocampus to detect the effects of α-synuclein 
knockdown on the memory function. Long-term potentiation (LTP) and miniature excitatory postsynaptic currents 
(mEPSCs) were recorded to examine the effects of Rb1 on the synaptic plasticity and glutamatergic transmission. 
Results: We found that Rb1 can prevent the spatial learning and memory deficits, increase LTP and the frequency 
and amplitudes of mEPSCs, suggesting Rb1 improved the hippocampal synaptic plasticity and glutamatergic 
transmission in the MPTP model. In addition, Rb1 also protected hippocampal neurons from death in the MPTP 
mouse model. The underlying neuroprotective mechanism of Rb1-improved synaptic plasticity involves Rb1 
promoting hippocampal CA3 α-synuclein expression, restoring the glutamate in the CA3-schaffer collateral-CA1 
pathway, and sequentially increasing postsynaptic density-95 (PSD-95) expression. We also found that α-synuclein 
knockdown in the hippocampus induced the memory deficiency in the normal mice. Furthermore, α-synuclein 
knockdown decreased LTP and PSD-95 expression in the hippocampus. 
Conclusions: We provide evidence that Rb1 modulates memory function, synaptic plasticity, and excitatory 
transmission via the trans-synaptic α-synuclein/PSD-95 pathway. Rb1 may serve as a functional drug in treating the 
memory deficiency in PD. 

1231 
Exploring the cognitive workload during a visual search task in Parkinson’s disease 
M. Ranchet, J. Morgan, A. Akinwuntan, H. Devos (Bron, France) 
Objective: To investigate cognitive workload during a visual search task in patients with Parkinson's Disease (PD) 
Background: Visual search is one of the most important features of human activity that may be impaired in patients 
with PD. Visual search may be impaired in PD, which in turn may negatively affect daily life activities, such as 
driving. While previous studies explored visual exploration strategies during visual search tasks, no study 
investigated cognitive workload during visual search in PD. Cognitive workload refers to the total amount of mental 
effort being used to perform a task. 
Methods: Twenty patients with PD (age: 69 ± 8 yo; sex (Men/Women): 16/4) and 15 controls (age: 61 ± 11 yo; sex: 
8/7) performed a visual search task on a driving simulator, that provides a context similar to visual search during 
real-life driving. They were instructed to search for a target road sign among distractor road signs . In half of the 
trials, the target was present (target-present trials). Response times as well as measures of cognitive workload for 
correct detections trials were investigated in the two groups. Cognitive workload was measured by the Index of 
Cognitive Activity (ICA), which was based on the number of times per second that an abrupt discontinuity in the 
pupil signal was detected. To investigate the cognitive workload over time for correct detection trials in the two 
groups, response time values were transformed to a continuous scale of percentage completion time, ranging from 0 
(start of the trial) to 100% (button press) since response times were different between participants. 
Results: PD patients were significantly slower than controls to respond correctly to the visual search task, 
particularly for target-present trials. PD patients had increased values in cognitive workload throughout the entire 
duration of the task when compared to baseline (p < 0.05). By contrast, few significant differences were observed in 
controls (at 5% and 15%). 
Conclusions: These findings suggest that PD patients required increased and longer effort to correctly perform the 
visual search task compared with baseline cognitive workload. The use of ICA in patients with PD while performing 
a static visual search task provides new information into the effort (cognitive workload) required by patients on a 
moment-to-moment basis. 

1232 
Examining supplementary motor area-primary motor cortex connectivity in tremor-dominant Parkinson’s 
disease using a novel transcranial magnetic stimulation protocol to inform clinical practice 
B.K. Rurak, J. Rodrigues, B. Power, P. Drummond, A.M. Vallence (Murdoch, Australia) 

This article is protected by copyright. All rights reserved.



Objective: Objectives: (1) Measure test re-test reliability of dual-coil transcranial magnetic stimulation (TMS) 
measures of supplementary motor area-primary motor cortex connectivity (SMA-M1 connectivity). (2) Investigate 
whether SMA-M1 connectivity is associated with tremor severity in people with tremor-dominant Parkinson’s 
disease (PD). 
Background: Background: The pathophysiology of tremor-dominant PD remains poorly understood. Many people 
with tremor-dominant PD are resistant to the gold-standard dopaminergic replacement therapy. With PD comes 
changes in motor brain regions, including a decrease in SMA activity [1]. SMA has strong excitatory connections to 
M1, which can be measured using dual-coil TMS, and SMA-M1 connectivity is associated with motor control [2, 3]. 
The aims of the current study were to (1) measure test-retest reliability of dual-coil TMS measures of SMA-M1 
connectivity in adults without PD, and (2) examine whether SMA-M1 connectivity is altered in people with tremor-
dominant PD compared to age- and gender-matched controls, and whether the magnitude of SMA-M1 connectivity 
is associated with tremor severity in people with PD. 
Methods: Methods: SMA-M1 connectivity was measured in two sessions separated by ~7 days in younger and 
older adults without PD (N = 60). SMA-M1 connectivity and tremor were measured in people with tremor-dominant 
PD OFF medication in a single session. 
Results: Results: In younger and older adults without PD, results showed good test re-test reliability of SMA-M1 
connectivity in younger (r = .711) and older (r = .528) adults. There was no significant difference in SMA-M1 
connectivity between younger and older adults. Based on preliminary results, we hypothesise that people with PD 
will have reduced SMA-M1 connectivity when compared to age- and gender-matched controls, and the magnitude 
of SMA-M1 connectivity will be negatively associated with tremor severity in tremor-dominant PD. 
Conclusions: Conclusion: The current findings suggests that SMA-M1 connectivity can be reliably measured using 
dual-coil TMS. This has important implications for the use of dual-coil TMS to investigate SMA-M1 connectivity in 
tremor-dominant PD, as well as other movement disorders, which will help inform clinical practice. 
References: References: 1. Pan, P.L., et al., Abnormalities of regional brain function in Parkinson's disease: a meta-
analysis of resting state functional magnetic resonance imaging studies. Scientific Reports, 2017. 7: 10. 2. Nachev, 
P., C. Kennard, and M. Husain, Functional role of the supplementary and pre-supplementary motor areas. Nature 
Reviews Neuroscience, 2008. 9(11): 856-869. 3. Green, P.E., et al., Supplementary motor area-primary motor cortex 
facilitation in younger but not older adults. Neurobiology of Aging, 2018. 64: 85-91. 

1233 
QPS over the supplementary motor area induced cortical excitability changes in human primary motor 
cortex: Comparison with Placebo effect 
K. Sato, M. Hamada, Y. Shirota, S. Kodama, Y. Sugiyama, Y. Ugawa, C. Hosoda, T. Toda (Tokyo, Japan) 
Objective: To explore the effects of quadripulse stimulation (QPS) over the supplementary motor area (SMA) in the 
healthy humans. 
Background: Repetitive transcranial magnetic stimulation (rTMS) has been applied as a treatment of various 
neurologic diseases. In Parkinson disease (PD), some meta-analysis indicated that rTMS over the primary motor 
cortex (M1) or SMA improve motor symptoms. Both high frequency (HF) and low frequency (LF) rTMS improve 
the PD symptoms, but the effect of rTMS is highly variable among individuals. The interindividual variability of 
QPS was reported to be lower compared with other rTMS protocols, offering a potential of therapeutic use of QPS 
in PD. However, it is unclear whether QPS over SMA could indeed induce cortical excitability changes. Based on 
these, we assessed the effect of QPS over SMA in healthy individuals. 
Methods: Ten healthy volunteers (8 men, 2 women, mean age 28.9 ± 5.2 years) participated in this experiment. We 
evaluated motor-evoked potentials (MEPs), short interval intracortical inhibition (SICI) and intracortical facilitation 
(ICF) before and after QPS over left SMA. MEPs were recorded from the right first dorsal interosseous (FDI) 
muscle at rest. TMS pulse was set at intensity of 90% active motor threshold (AMT) for FDI. Interstimulus interval 
(ISI) was 5 or 50ms (QPS-5 or 50). Sham stimulation was performed as placebo. Participants received all rTMS 
patterns (QPS-5, QPS-50, and Sham stimulation) in random order at an interval of at least one week (washout time). 
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Results: QPS-50 induced MEP size reduction for 30min after the intervention. In contrast, neither QPS-5 nor sham 
stimulation induced any significant MEP changes. Neither SICI nor ICF was affected by any QPS interventions. 
Conclusions: We, here, showed QPS over SMA induced heterotopic LTD like plasticity in the primary motor cortex 
(M1). In contrast, QPS over M1 induced bi-directional, homotopic plasticity in M1. The present results suggest that 
we should not simply extrapolate the results of rTMS over M1 to other cortical areas. 

1234 
Effect of dopamine D2-receptor antagonist and basal ganglia neuromodulation on neuronal activity in the 
cerebral motor area and cerebellar dentate nucleus 
K. Schwabe, A. Abdulbaki, S. Helgers, J. Krauss, M. Alam (Hannover, Germany) 
Objective: The effect of the D2-antagonist haloperidol (Haldol) on single unit activity (SU) and local field 
potentials (LFPs) of the cerebellar dentate nucleus and motor cortex (MCtx) and modulation of the entopeduncular 
nucleus (EPN) by deep brain stimulation (DBS) were studied in urethane anesthetized rats. 
Background: The cortico basal ganglia circuitry plays a crucial role in the control of movement, sensorimotor 
integration, and also limbic and associative integrity. However, little is known about the interference with cerebellar 
nuclei. Here, we investigate the effect of dopamine blockade and basal ganglia neuromodulation on the neuronal 
activity of the dentate nucleus. 
Methods: We recorded dentate nucleus SU activity together with LFPs and motor cortex electrocorticogram (MCtx-
ECoG) under urethane anesthesia (1.4 g/kg, i.p.) in rats before and after Haldol injection (1mg/kg). Thereafter, 30 
sec EPN-DBS (130 Hz, 200 µA current, with 120 µs biphasic square wave pulses) was applied and the neuronal 
activity was re-assessed. For the LFPs, the signal was filtered between 0.1 and 140 Hz, SU signals were bandpass-
filtered between 500 and 5000 Hz. The firing of each neuron was recoded for 10 to 12 min after signal stabilization 
and SU were sorted on the base of 3:1 signal to noise ratio. 
Results: Injection of Haldol decreased the SU activity in the dentate nucleus, while EPN DBS resulted in partial 
recovery of the firing activity. Further, the coefficient of variation of firing activity was increased with injection of 
Halo and EPN DBS. After injection of Haldol the power of theta (4-8Hz) frequency decreased in the MCtx and 
increased in the dentate nucleus. In contrast, the power of beta (12-30Hz) was increased in MCtx and decreased in 
the dentate nucleus. EPN DBS compensated Haldol-induced opposite effects of oscillatory activity in the MCtx and 
dentate nucleus. 
Conclusions: Cerebro-cerebellar networks interact via the basal ganglia and neuromodulation of the EPN may alter 
cerebellar activity after dopamine blockade. 

1235 
Motor learning and long duration response to levodopa in Parkinson’s disease 
G. Sciacca, G. Mostile, I. Disilvestro, G. Donzuso, R. Manna, G. Portaro, C. Rascunà, S. Salomone, F. Drago, A. 
Nicoletti, M. Zappia (Catania, Italy) 
Objective: To define the role of long-duration response (LDR) in motor learning, evaluating neurophysiological 
parameters in patients affected by Parkinson’s disease (PD) with and without LDR and undergone or not motor 
learning skills. 
Background: LDR derived from prolonged administration of levodopa in PD [1]. Animal models supported the 
hypothesis that LDR is implicated in motor learning [2]. P300, motor evoked potentials (MEPs) and 
Bereitschaftspotential (BP) are neurophysiological tools to quantify motor learning in humans. 
Methods: Drug-naive PD patients were prospectively enrolled. Patients underwent a 15-day-treatment of 
levodopa/carbidopa 250/25 mg at 24 h interdose intervals and randomized to perform or not a 15-day motor-training 
skill. Achievement of LDR was assessed at 15th day of treatment. Patients underwent clinical (Unified Parkinson's 
Disease Rating Scale motor section and Hoehn and Yahr stage) and neurophysiological (P300, MEPs and BP) 
assessments at baseline (T0) and at 15th day of treatment, before taking levodopa (T15). 
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Results: Thirty PD patients were enrolled: 9 trained patients with a sustained LDR (Group 1), 8 untrained patients 
with a sustained LDR (Group 2), 7 trained patients without a stable LDR (Group 3) and 6 untrained patients without 
a stable LDR (Group 4). A statistically significant improvement of P300 latency, MEPs amplitude and early and late 
BP latencies was observed in Group 1 from T0 to T15 (p<0.006; p<0.03; p<0.02; p<0.002). A statistically 
significant improvement of early and late BP latencies was observed in Group 2 from T0 to T15 (p<0.001; p<0.005). 
No significant differences of neurophysiological parameters were found in Group 3 and 4 from T0 to T15. 
Conclusions: Our findings support the hypothesis that LDR promote motor learning in PD patients. 
References: References 1. Zappia M, Oliveri RL, Montesanti R, Rizzo M, Bosco D, Plastino M, Crescibene L, 
Bastone L, Aguglia U, Gambardella A, Quattrone A. Loss of long-duration response to levodopa over time in PD: 
implications for wearing-off. Neurology 1999; 52 (4): 763-767. 2. Beeler JA, Cao ZF, Kheirbek MA, Ding Y, 
Koranda J, Murakami M, Kang UJ, Zhuang X. Dopamine-dependent motor learning: insight into levodopa's long-
duration response. Ann Neurol 2010; 67(5): 639-647. 

1236 
Unilateral increase of blink reflex recovery cycle in drug-naive hemiparkinson syndrome. 
G. Sciacca, G. Mostile, I. Disilvestro, G. Donzuso, R. Manna, G. Portaro, C. Rascunà, S. Salomone, F. Drago, A. 
Nicoletti, M. Zappia (Catania, Italy) 
Objective: We assessed R2 Blink Reflex Recovery Cycle (R2 BRRC) in drug-naive Parkinson’s disease (PD) 
patients with unilateral tremor and/or rigidity, diagnosed as hemiparkinson syndrome, to evaluate differences in 
brainstem excitability between affected and unaffected sides. 
Background: R2 BRRC is a neurophysiological tool, used to measure brainstem excitability and it is known to be 
enhanced in PD [1]. Previous studies were conducted on Blink Reflex (BR) in early hemiparkinson patients [2]. 
However, to our knowledge, there are no studies on R2BRRC in drug-naive patients with hemiparkinson syndrome. 
Methods: We prospectively enrolled 18 drug-naive PD patients: 7 patients with right hemiparkinson syndrome and 
11 patient with left hemiparkinson syndrome. We investigated BR and R2BRRC at interstimulus intervals (ISIs) of 
100, 150, 200, 300, 400, 500 and 750 ms bilaterally. 
Results: All PD patients showed an early recruitment of R2BRRC. Right hemiparkinson patients showed a 
significant enhanced recruitment in left R2BRRC at ISI of 150 ms (p<0.05), whereas left hemiparkinson patients 
showed a significant early recruitment in right R2BRRC at ISIs of 100, 150 and 200 ms (p<0.027; p<0.006; 
p<0.007). Our findings showed a contralateral increase of brainstem excitability to the clinically affected side in 
drug-naive PD patients. 
Conclusions: R2BRRC is a helpful neurophysiological tool to understand pathophysiological mechanisms 
underneath PD. We hypothesized that an increased state of neurons excitability probably due to a predominant 
contralateral dysfunction of basal ganglia structures could explain the asymmetric brainstem disinhibition observed 
in hemiparkinson patients. 
References: 1. Kimura J. Disorder of interneurons in Parkinsonism. The orbicularis oculi reflex to paired stimuli. 
Brain 1973; 96: 87-96. 2. Dengler R, Kossev A, Struppler A. Unilateral reduction of the early and late blink reflex 
component in hemiparkinson syndrome. Electroencephalogr Clin Neurophysiol 1982; 54: 689-98. 

1237 
Spatial distribution of functional clusters coding for reward and movement information in the striatal direct 
and indirect pathways 
J.H. Shin, M.W. Jung (Daejeon, Republic of Korea) 
Objective: To obtain the insight how striatum processes reward based learning and motor information, we explored 
the responses of D1 and D2 medium spiny neurons (MSNs) in the dorsal striatum of mice performing a probabilistic 
Pavlovian conditioning task and open field test. 
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Background: From the classic rate model of the basal ganglia, the direct and indirect pathway is known to be 
anatomically segregated and play an opposing role in both reinforcement learning and voluntary motor control. 
However, this classic dichotomous model has been recently challenged. 
Methods: We performed in-vivo single unit electrophysiologic recording and 1-photon endoscopic calcium imaging 
of dorsal striatum and examined the responses of dSPNs(D1) and iSPNs (D2) medium spiny neurons (MSNs) using 
D1-cre and D2-cre/A2a-cre transgenic mouse. Mice performed the head-fixed odor discriminating classical 
conditioning task and self-paced open field test on the same day. 
Results: Neural encoding pattern of the two pathways were similar across reward and movement related parameters, 
but there were quantitative differences. dSPNs and iSPNs increased and decreased activity as a function of expected 
value, respectively, suggesting striatal value is represented by relative activity levels between direct and indirect 
pathway. dSPNs and iSPNs showed spatially clustered activity pattern throughout variables of reward based learning 
and self-paced locomotion behavior. The spatial clustering pattern was not overlapping but distinct across variables, 
which suggests dynamic functional clusters in the dorsal striatum. Furthermore, spatial correlation of neural 
encoding between different context (reward based learning and self-paced locomotion behavior) was significantly 
lower compared with correlation pattern from the same context. Spatial pattern for parameter which requires 
learning (expected value) was reinforced after days of training. On the contrary, spatial pattern for the parameters 
which doesn’t require training (outcome, lick, locomotion related parameters) were not changed from the first day. 
Conclusions: This study showed context-dependent spatial organization of neural encoding of dorsal striatum across 
different context. This result suggests multiple dynamic parallel basal ganglia loop based on local clusters in the 
dorsal striatum may as a key to the novel model of the basal ganglia. 

1238 
No evidence for early emotional processing in the subthalamic nucleus – a single neuron study 
T. Sieger, T. Serranová, F. Růžička, D. Urgošík, R. Jech (Prague, Czech Republic) 
Objective: To provide evidence of early emotional processing at the single-neuron level in the STN. 
Background: A fast response to coarse threat signals in the human amygdala demonstrated evidence for the 
phylogenetically old subcortical pathway which allows for a rapid response to biologically important events. 
Emotion related activity within the STN was invariably observed 300 ms after an emotional stimulus onset in local 
field potentials and single-neuron studies.[1,2] Given the position of the STN within the subcortical network, we 
hypothesised that early emotional processing may also take place in the STN. 
Methods: We recorded single-neuron activity from the STN during a presentation of a series of happy, fearful and 
neutral facial expressions (for 500 ms each) to 22 patients undergoing STN DBS for Parkinson’s disease. We 
detected and sorted spikes of individual neurons from within the STN and analysed their firing pattern in a time 
window of 0-500 ms after the picture onset using a bootstrap-based pairwise comparisons between the three facial 
expressions. The level of significance was set to 5% corrected for the three tests performed in each neuron. 
Results: We identified 426 neurons in the STN, out of which the activity of only 6 neurons (1.4%) differed between 
the emotional categories (P < 0.05 corr.). The differences became insignificant after additional correction for the 
number of neurons considered. 
Conclusions: We failed to demonstrate early subthalamic activity to emotional stimuli at a single-neuron level 
within the target motor part for DBS. The absence of short latency activity could reflect a delay due to previous 
processing of emotional related information either in the cortex and/or in the ventral basal ganglia before reaching 
the motor portion of the STN.  However, inherent methodological limitations to an intraoperative experiment could 
also be responsible for the negative result of the study. 
Supported by a grant from the Czech Science Foundation (GAČR 16-13323S) and Czech Ministry of Health (AZV 
16-29651A), Progres Q27 project and by the Research Centre for Informatics, grant nr CZ.02.1.01/0.0/16 − 
019/0000765. 
References: [1] Sieger T, Serranova T, Ruzicka F, Vostatek P, Wild J, Stastna D, et al. Distinct populations of 
neurons respond to emotional valence and arousal in the human subthalamic nucleus. Proc Natl Acad Sci U S A 
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2015;112(10):3116-21. [2] Mendez-Bertolo C, Moratti S, Toledano R, Lopez-Sosa F, Martinez-Alvarez R, Mah YH, 
et al. A fast pathway for fear in human amygdala. Nat Neurosci 2016;19(8):1041-9. 

1239 
Abnormal frontal theta and beta oscillations during gait observation in Parkinson’s disease 
A.S. Singh, A. Espinoza, N.N. Narayanan (Iowa City, IA, USA) 
Objective: To characterize the frontal oscillations during gait observation in Parkinson’s disease (PD) patients with 
(freezers) and without (non-freezers) freezing of gait. 
Background: Freezing of gait, balance, and posture are devastating axial symptoms of PD. Gait and cognition may 
be interrelated in PD patients. PD-medication and neuromodulation do not reliably improve gait in PD. Previous 
studies confirm the role of attenuated midfrontal theta (4-7 Hz) activity in cognitive control and amplified motor 
cortical beta (13-20 Hz) activity in gait and motor control in PD. However, frontal oscillations have not been 
investigated to understand the cortical recruitment during inactive gait tasks in PD patients with severe gait and 
cognitive problems. 
Methods: Here, we collected scalp EEG from freezers, non-freezers, and controls subjects during gait observation 
task; furthermore, we collected EEG data during gait imagination tasks. The same cortical and associated networks 
active during real gait are engaged in inactive gait tasks. We also collected baseline resting-state data during eyes 
closed and eyes opened conditions. All EEG analysis was focused on midfrontal (“Cz”) and left and right motor 
cortical (“C3” and “C4”) scalp electrodes. PD patients were treated with levodopa. 
Results: Freezers showed significantly attenuated theta power and amplified beta power in the midfrontal electrode 
only during gait observation compared to non-freezers and control subjects. All PD patients showed increased beta 
power in the left and right motor cortical regions during gait observation. No clear differences in midfrontal theta 
and beta activity were seen during gait imagination between freezers and control subjects. Furthermore, in the stance 
and swing phases of a gait cycle during gait observation, theta power was attenuated and beta power was increased 
in freezers at midfrontal and motor cortical regions. 
Conclusions: These findings confirm the functional changes in the frontal cortical region related to gait control. 
These data suggest that the dynamics of the frontal theta and beta oscillations may contribute to gait or lower-limb 
movement. Our data may help understand cortical mechanisms of gait dysfunction in advanced PD. 

1240 
Changes of cutaneous and cortical silent responses in a random sample of Lithuania patients with Parkinson 
disease 
L. Sinkunaite, J. Svilpauske-Lauryniene, D. Garsviene, D. Surkiene (Panevezys, Lithuania) 
Objective: To investigate the properties of central and peripheral innervation in Parkinson disease (PD) using 
transcranial magnetic stimulation (TMS) and electroneurography (ENG), also to evaluate the impact of PD on the 
quality of life (QOL). 
Background: One of the approaches to explaining Parkinson's disease (PD) pathophysiology is an impaired control 
of the agonist-antagonist muscle groups, linked to disrupted internal central nervous system (CNS) networks. 
Transcranial magnetic stimulation (TMS) is a useful tool to study functional connections in the human brain. CSP is 
obtained upon stimulation of the contralateral motor cortex during maximal muscle contraction and is one of the 
parameters of intracortical inhibition. Shortening of this parameter during the course of PD can be interpreted as  a 
reflection of the disruption of neuronal networks. CuSP reflects the action of inhibitory networks at the spinal level 
and is obtained while stimulating the thin peripheral nerve fibers during maximal voluntary muscle contraction. 
CuSP is elongated in early PD and shortened with the progression of the disease - might reflect a compensatory 
mechanism for altered movement control in the cerebral cortex. 
Methods: Participants underwent neurological examination, including UPDRS III scale (PD patients) and responded 
to SF-36 questionnaire. Neurophysiological studies were performed bilaterally on the ulnar nerve and abductor digiti 
minimi muscle, using Nicolet Viking and Magstim 200 electrodiagnostic system. 
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Results: 17 PD patients and 14 healthy controls participated in the study. Peripheral nerve conduction was in the 
normal range in both groups (table 1). CuSP measures were similar in both groups, but greater standard deviation 
was observed in the PD group (table 2). CSP was shorter in the more affected side (MAS) of the PD group (figure 1) 
and that difference was statistically significant in patients with a more advanced PD stage (p=0,0439) (figure 2). 
QOL in the PD group was significantly worse in 4 of 8 scores of the SF-36 questionnaire (figure 3). 
Conclusions: Impairment of inhibitory networks can be considered as a pathophysiological mechanism in PD. 
Further studies are needed to evaluate the impact of clinical variables on the measures of neurophysiological tests, 
also to establish a common mechanism affecting the duration of both CuSP and CSP. PD had a significant effect on 
the patients‘ QOL. 
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1241 
Increased Brain-Chin/Leg EEG Synchronicity in Sleep in Parkinson’s Disease 
O. Vaou, A. DePold Hohler, J. Wang, X. Zhang, F. Lombardi, A. Quaicoe, R. Endalapur, J. Holsapple, P. Ivanov 
(Boston, MA, USA) 
Objective: Sleep dysfunction in Parkinson’s disease (PD) is a commonly reported symptom.  Analysis of brain 
wave synchronicity may help to unravel this phenomenon and serve to support a diagnosis of PD. 
Background: Time Delay Stability (TDS) method assesses via EEG the degree of coupling between different 
frequency bands across brain locations.  Segments of EEG power are analyzed at defined time windows. 
Coordinated bursts lead to pronounced cross-correlation within each time window. A time lag can occur between the 
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two signals in physiological coupling, this is defined as TDS. The fraction of time when TDS is observed in the 
EEG, quantifies the degree of coupling strength. Longer periods of TDS reflect stronger coupling. TDS in sleep is 
not reported in PD patients. 
Methods: We analyzed and compared polysomnographic recordings from 40 PD patients (11 female, 29 male, ages 
50-95 years) and 97 healthy age matched controls (51 female, 46 male). 
Results: Robust sleep-stage patterns are observed for healthy subjects and PD (with one-way ANOVA p ≤ 
0.001).  PD show stronger brain-chin/leg interactions especially for Rapid Eye Movement (REM) sleep and Deep 
Sleep (DS) (with MW tests p ≤ 0.002). An increase in the interaction strength overall in the sleep-stage stratification 
pattern is observed in PD. 
Conclusions: This is the first report of TDS in PD. In this pilot study PD subjects show generally stronger brain-
chin/leg interactions compared to healthy subjects representing and increase in signal synchrony in this patient 
population. Follow up studies are required to further validate specificity to the disease and disease severity markers. 

1242 
Comparison of LFP-physiomarkers for DBS programming 
G. Wenzel, S. Ewert, A. Horn, B. Van Wijk, A. Kühn (Berlin, Germany) 
Objective: To evaluate clinical usability of LFP(local field potentials)-physiomarkers and lead localisation for 
selection of suitable DBS electrode configurations. 
Background: Selection of optimal contacts in DBS programming has become increasingly challenging due to 
technical innovations with multiple (segmented) contacts and independent current sources. Narrowing the search-
space due to a ranking of availible contacts can speed up clinical programming considerably. Pathologic beta-band 
synchronisation is a well established physiomarker that correlates with akinetic-rigid symptoms. 
Methods: LFP were recorded from externalised DBS leads in patients undergoing DBS with 8-contact-leads 
(Boston Sc, linear/directional) for advanced PD. Recordings for resting-state and self-paced handmovements and 
MRI/CT imaging data were analysed in Matlab with SPM12, Fieldtrip and Lead-DBS-toolboxes, respectively. At 
rest beta-power within total beta-band (13-30Hz), low (13-20Hz) and high-beta-range (20-30Hz), HFO (200-400Hz) 
and phase reversal within beta-band were compared. During self-paced movements event-related desynchronisation 
(ERD) in the beta-range was quantified. All contacts were scored and ranked based on the respective physiomarker 
or distance to sweet spot as determined by Lead-DBS. Rankings were then compared to clinical real-world outcomes 
for parameter settings. 
Results: Selecting the top 3 contacts for clinical stimulation based on ranking of contacts by LFP-power (AUC) in 
the entire beta-range was significantly better than selecting 3 arbitrary contacts (p<.05) for linear leads. The contact 
closest to the sweet spot as determined by Lead-DBS was significantly more likely to be among the top 3 beta-
power contacts compared to a random contact (p<.05). HFO and beta-ERD were only detectable less than 50% of 
the recordings and did not show correlation to clinical settings. 
Conclusions: Ranking based on power in entire beta-range showed the best correlation with DBS-parameter settings 
for linear leads. As shown in 4-contact-leads power in beta-range correlates with electrode-distance to the sweet 
spot. Other physiomarkers were either inconclusive or not robustly detectable. Also no robust marker for detection 
of directionality in directional leads could be established. Ranking of contacts by total beta-power and localisation is 
a promising method to set a starting point for clinical programming but still individual testing and clinical expertise 
remain the conerstone. 

1243 
Effects of levodopa on prosaccade performance and visual target eccentricity 
A. Yugeta, Y. Terao, Y. Ugawa (Tokyo, Japan) 
Objective: To investigate whether the effect of levodopa on saccade is the same to visual targets of small and large 
eccentricities in Parkinson’s disease (PD) patients. We hypothesized the effects of levodopa on amplitudes and onset 
latencies of saccades  are equal among the eccentricity conditions. 
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Background: We reported the effect of levodopa on saccade amplitude and onset latency in de novo PD patients 
[1]. Levodopa did not alter the accuracy of saccade amplitude. However, levodopa prolonged onset latencies of 
saccades. PD patients rarely noticed the impairment of saccades clinically, and no subjects noticed alteration of 
saccades by levodopa. We also reported that the subthalamic stimulation improved saccade amplitude, and the 
improvements of that were larger at lager target eccentricities [2]. It is unknown whether levodopa affects 
amplitudes and onset latencies of saccades equally in both saccades towards visual targets of small and large 
eccentricities. 
Methods: We recorded DC electro-oculography in 14 de novo PD patients before and after taking 
levodopa/carbidopa (100mg/10mg) during horizontal prosaccade task presented at target eccentricities of 5, 10, 20, 
and 30 degree. We analyzed the first amplitudes, as well as onset latencies of saccades, at each target eccentricity 
conditions using two-way analysis of variance (levodopa conditions and target eccentricities). 
Results: Saccade amplitudes were not significantly different between before and after levodopa at any target 
eccentricities. Onset latencies of saccade were significantly longer after levodopa than before ledvodopa at any 
target eccentricities. Prolongation of saccade latency by levodopa were significantly longer at larger target 
eccentricities. 
Conclusions: Saccade amplitudes of prosaccades were not altered, but onset latencies were prolonged, by levodopa 
at any target eccentricities. Montaron et al. reported levodopa enhanced beta rhythms in ventral tegmental area and 
immobility in normal cats during hunting [3]. It is hypothesized that prolongation of saccade latency in our study 
may be due to enhanced immobility by levodopa, as indicated in Montaron's study. Furthermore, prolongation of 
saccade onset latency was significantly longer at larger target eccentricities. Levodopa may have effects more on 
attention rather than motor functions of eye movement, thus the change of attention may induce different level of 
awareness in between central and marginal area. 
References: [1]Yugeta A, Terao Y, Fukuda H, Ugawa Y. Effects of levodopa on saccade performance in 
Parkinson’s disease, Mov Disord, 2008; 23: S296 [2]Yugeta A, Terao Y, Ugawa Y, Improvement of saccade 
amplitude by the STN DBS and visual target eccentricity, Mov Disord, 2018; 31: S432 [3]Montaron MF, Bouyer JJ, 
Rougeul A, Buser P, Ventral mesencephalic tegmentum (VMT) controls electrocortical beta rhythms and associated 
attentive behaviour in the cat. Behav Brain Res. 1982;6(2):129-45. 

1244 
Oscillaotory activity in the globus pallidus internus in patients with Parkinson's disease 
P. Zhuang, M. Hallett, D. Meng, Y. Zhang, J. Li, J. Li (Beijing, China) 
Objective: To quantify the characteristics of oscillatory neurons in the GPi in patients with PD. 
Background: Abnormal oscillatory activity has been predicted to play a role in the generation of parkinsonian 
motor symptoms. The internal globus pallidus (GPi) of the basal ganglia is in a unique and powerful position to 
influence motor processing by receiving both direct and indirect pathways in basal ganglia, and projecting the 
information to the pallidal receiving area of thalamus. According to the pathophysiology model of Parkinson’s 
disease (PD), excessive neuronal activity in the GPi promotes bradykinesia. Despite the clinical importance of the 
GPi in common movement disorders such as PD, we still have limited data to understand the mechanism of 
parkinsonian motor symptoms. 
Methods: Nine PD patients who underwent unilateral pallidotomy or bilateral electrode implantation for GPi deep 
brain stimulation treatment were studied.  Microelectrode recording was performed in the GPi and the 
electromyogram (EMG) was simultaneously recorded. The interspike intervals (ISI) and coefficient of variation of 
ISI were assessed. Spectral analysis was used to evaluate neuronal oscillatory activity. Mean spontaneous firing 
rates (MSFR) and proportions of patterns of GPi oscillatory neurons were calculated. Coherence analysis was used 
to study relationship between oscillatory activity and limb symptoms. 
Results: Seventy-nine GPi neurons were identified. There were 25.3% (20/79) β frequency oscillatory neurons, 
24.1% (19/79) non-oscillatory neurons, and 50.6% (40/79) tremor frequency (3-6 Hz) oscillatory neurons . Of the 
tremor frequency neurons, 40% (16/40) were significantly coherent with the electromyogram (EMG) activity during 
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tremor. The median coherence magnitude was 0.7 (range of 0.44 to 0.92, mean value: 0.70 ± 0.21). ISI analysis 
showed the mean firing rate of neurons with all three patterns (n=79) was 81.5 ± 7.4 Hz (range of 65.2 to 104.8 Hz). 
Conclusions: The hyperactivity of GPi neurons and the high proportion of tremor related oscillatory neurons in GPi 
in PD, support prediction that increased firing rate and altered neuronal oscillatory patterns in GPi not only promotes 
akinesia but also promotes tremorgenesis. The high coherence between GPi and the EMG of limb tremor suggests 
that the pallidum is able to trigger hyperactivity in the cerebellothalamic circuit, leading to parkinsonian resting 
tremor. 
References: 1. Albin RL, Young AB, Penney JB. The functional anatomy of basal ganglia disorders. Trends 
Neurosci (1989) 12(10):366-75. d 2. DeLong MR. Primate models of movement disorders of basal ganglia origin. 
Trends Neurosci (1990) 13(7):281-5. 3. Helmich RC, Janssen MJ, Oyen WJ, Bloem BR, Toni I. Pallidal dysfunction 
drives a cerebellothalamic circuit into Parkinson tremor. Ann Neurol (2011) 69(2):269-81. 4. Helmich RC, Hallett 
M, Deuschl G, Toni I, Bloem BR. Cerebral causes and consequences of parkinsonian resting tremor: a tale of two 
circuits? Brain (2012) 135(Pt 11):3206-26. 5. Albin RL, Young AB, Penney JB. The functional anatomy of 
disorders of the basal ganglia. Trends Neurosci (1995) 18(2):63-4. 
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Phenotypic variability and extreme age of presentation of GCH1 gene mutation in dopa-responsive dystonia 
F. Abu Ahmad, P. Ponger, M. Rotstein, A. Migirov Sandrovitz, N. Giladi, A. Orr-Urtreger, T. Gurevich, S. Ben-
Shachar (Tel Aviv, Israel) 
Objective: To highlight the wide phenotypical variability among GCH1 gene mutation carriers and the importance 
of molecular work-up and establishing genotype-phenotype correlations in GCH1 related disorders. 
Background: Dopa-responsive dystonia (DRD) is an uncommon childhood-onset dystonia with sustained, 
uncomplicated response to levodopa. Penetrance rate is higher amongst females (80% vs 40% in males), with a 
variable course of progression, while parkinsonian symptoms may evolve over time. The most common form of 
DRD is dominantly inherited with incomplete penetrance caused by mutations in the GCH1 gene on chromosome 14 
(DYT5), which encodes guanosine triphosphate cyclohydrolase 1, the rate-limiting enzyme in the biosynthesis of 
tetrahydrobiopterin. 
While next-generation-sequencing (NGS) is becoming more available, the molecular diagnosis is mostly based upon 
the clinical features. The absence of clear data regarding genotype-phenotype correlation may result in a delay in 
diagnosis of this treatable disease. 
Methods: Case description 
Results: The proband, of Syrian Jewish origin presented at the age of 9 years with lower limbs muscle cramps, 
evolving later to dystonia with diurnal fluctuations alleviated with levodopa treatment. His mother is reported to 
have nocturnal leg cramps, while his maternal grandfather presented at the age of 75 with parkinsonian signs and 
lower limbs dystonia responding well to levodopa. In addition, proband's sister suffers at times from a mild gait 
difficulty. Whole exome sequencing was performed, identifying a heterozygote GCH1 intronic deletion variant, 
c.510-9_510-6delCTTT  inherited from the mother. The variant has been detected in the symptomatic sister as well. 
The variant may cause loss of function by deleting a splice acceptor site and effecting an enhancer site. Such a 
variation has not been described amongst healthy populations. At present the variant is classified as being of 
unknown significance (VOUS). 
Conclusions: Our findings emphasize the wide clinical variability among individuals with GCH1-related disease. 
Among our pedigree, male carriers were clinically more affected than female carriers, and wide variety in the age of 
onset was seen. Clinical suspicion is of high importance in such cases. Along with the advance of NGS, timely 
diagnosis and a rational therapeutic use of levodopa can be attained in such cases. 
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Prospective Characterization of Genetically Confirmed X-linked Dystonia Parkinsonism Patients and their 
Families: A 1 year longitudinal feasibility study 
P. Acuna, J. de Guzman, N. Ganza-Bautista, J. Lagarde, C. Go, N. Sharma (Charlestown, MA, USA) 
Objective: A one year feasibility study for a planned prospective longitudinal study of X-linked Dystonia-
Parkinsonism patients and their families in rural Philippines. 
Background: X-linked dystonia parkinsonism (XDP) occurs primarily in Filipino males with maternal ancestry 
from the island of Panay and is characterized by neurodegenerative disease with dystonia and parkinsonism. There 
have been numerous descriptive studies but no systematic prospective study of the natural course of the disease 
using objective scales.(1-5) 
Methods: We enrolled 8 families with (192 subjects; 35 haplotype positive males, 27 of which were symptomatic at 
enrollment).  Follow ups were scheduled every 6 months for all males and every year for all females.  All onsite 
staff remain blinded to the genetic status of participants.  One movement disorder specialist did rate subjects on both 
the MDS-UPDRS part 3 and BFM dystonia scale using a combination of in-person exam and review of a 
standardized video protocol.  An exploratory analysis was done in STATA 15,1 using a linear mixed effect model 
for each of the primary outcome of interest (MDSUPDRS III and BFM) against the exposure interest (genetic status) 
with and without symptoms adjusted for age and age of onset. 
Results: Among 8 families visited for 6 months, 27 of 33 were haplotype (+) symptomatic males and the remaining 
6 were haplotype (+) asymptomatic males. In our annual visit, we have seen 6 of the 8 families with 16 of 17 
haplotype (+) symptomatic males and a haplotype (+) asymptomatic (Table 1). As expected, the symptomatic 
haplotype positive subjects had the only statistically significant results in both MDS-UPDRS part 3 and BFM 
movement at baseline and through time (Table 2). 
Conclusions: We have demonstrated that it is feasible to do a prospective longitudinal study in whole families who 
are confirmed as having the X-linked Dystonia Parkinsonism haplotype.  While we have continuously captured the 
symptomatic participants, the asymptomatic participants have proved to be more elusive at follow up visits.  Going 
forward, the loss to follow up of asymptomatic subjects will be the most challenging aspect of the longitudinal study 
especially if we want to capture the earliest symptoms of disease. This preliminary data will inform a 5 year 
prospective longitudinal study to further characterize both onset and progression of disease. 
References: 1.Lee LV, Rivera C, Teleg RA, Dantes MB, Pasco PM, Jamora RD, et al. The Unique Phenomenology 
of Sex-Linked Dystonia Parkinsonism (XDP, DYT3, “Lubag”). Int J Neurosci In press. 2.Rosales.R.L X-linked 
dystonia parkinsonism: clinical phenotype, genetics and therapeutics. J Mov Disord. 2010 Oct;3(2):32-8. doi: 
10.14802/jmd.10009. Epub 2010 Oct 30. Review 3. Lee LV, Maranon E, Demaisip C, Peralta O, Borres-Icasiano R, 
Arancillo J, et al. The natural history of sex-linked recessive dystonia parkinsonism of Panay, Philippines (XDP). 
Parkinsonism Relat Disord 2002;9:29–38. 4. Evidente VG, Advincula J, Esteban R, Pasco P, Alfon JA, Natividad 
FF, et al. Phenomenology of “Lubag” or X-linked dystonia-parkinsonism. Mov Disord 2002;17:1271–1277. 5. Lee 
LV, Kupke KG, Caballar-Gonzaga F, Hebron-Ortiz M, Müller U. The phenotype of the X-linked dystonia-
parkinsonism syndrome. An assessment of 42 cases in the Philippines. Medicine (Baltimore) 1991;70:179–187. 
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Clinical Profile and Response to EMG-Guided Botulinum toxin (BTX) Injection in Writers' Cramp (WC)- A 
Study of 25 Indian Patients 
P. Agarwal, P. Palekar (Mumbai, India) 
Objective: To study WC and its response to EMG-Guided BTX 
Background: Despite decades of use and popularity of BTX in WC, there is a paucity of studies reporting results of 
Rx, especially for EMG-guided injections, that potentially improve accuracy of muscle/fascicle targeting for toxin 
delivery to dystonic muscles. Whether patients choose to continue taking BTX depends on perceived improvement 
in hand function, counterbalanced by disadvantages of Rx (adverse effects, inconvenience and cost of repeated 
injections). 
Methods: 25 WC pts were recruited over 2y from a specialty BTX injection/MD Clinic. Careful clinical 
examination including mirror movements in affected hand (on writing with unaffected hand) were used to determine 
precise pattern of dystonic movements of thumb, digits 2-5, wrist, elbow,  and primarily dystonic muscles were 
chosen for injection. All injections performed under EMG-guidance using a MyoguideTM (Intronix, 
Canada) system by an experienced movement disorders specialist. Patients reassessed at 6 w and then till last 
follow-up (mean 14 mo). The primary outcome measure was the patient's willingness to continue with Rx; 
secondary measures included impairment/disability scores on rating scales including WC rating scale, and measures 
of abnormal hand posturing, pain, writing ease and speed. 
Results: 22 pts were male (mean age 24y, symptom duration 30 months) 14 pts were students who wrote for >3 
hours/day.  Extensor and Flexor type WC patterns were seen in 13 and 7 subjects. Most commonly injected muscles: 
EPL,APL,EI,EDC 2,3 (extensor) and FPL,FDS/FDP2,3,FCRL,FCU (flexor group). Mean doses of BTX 
used:12.5u/muscle and 27.5u total (extensor group); 17.5u/muscle and 47.5u (flexor group). 23 pts chose to undergo 
repeat injections at 6 weeks, 2 chose to discontinue due to mild transient finger weakness. After 1 year, 18 patients 
were still under treatment and continued to benefit. All secondary outcome measures improved significantly in most 
patients and benefits were largely maintained at last follow-up. 
Conclusions: The large majority of WC pts in this study were young male students. Extensor pattern affecting the 
thumb and index finger was the more common pattern of WC but a flexor pattern was also seen. EMG-guided 
BTX use was safe, well tolerated and effective in most subjects, with the large majority choosing to continue 
treatment despite its potential disadvantages. 
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Hemifacial Spasm and Related Comorbidities 
A. Akyol Gurses, N. Kiylioglu, A. Akyol (Aydin, Turkey) 
Objective: In this study, we evaluated the clinical findings, comorbidities and teratment responses in our HFS 
patients. 
Background: Hemifacial spasm (HFS) is a peripherally induced movement disorder causing tonic or clonic 
contractions of the facial muscles. Although the disease is considered to have a benign course, it may lead to 
functional blindness in many patients. 
Methods: The records of ninety-six HFS patients were reviewed. All patients were treated with recurrent Botulinum 
toxin (BT) injections. BT was applied whenever they needed, but the minimum interval between two injections was 
three months. 
Results: 56 of the patients were female and 40 were male. Mean age of the study population was 57.7±11.6 years 
and there was no difference between the groups (p>0.05). Mean disease duration was 4.94±3.42 years and median 
disease grade was 1. Both parameters did not differ significantly between the groups (p>0.05). Both parameters did 
not differ significantly between the groups (p>0.05). 
Proportion of the left sided (50), right  sided (41) or bilateral HFS were similar in both groups (female – 31:22:3 vs. 
male – 19:19:1) respectively (p>0.05).  
Total injection count was 609 and mean injection number was (6.4±7.2) for each patient. There was no gender 
difference regarding mean injection number (p>0.05) and mean injection interval (p>0.05). Eyelid ptosis  (5/96) and 
local reaction (5/96) were the most frequent adverse effects 
 Most of the patients had isolated HFS (85). However, the remaining had some co-morbid conditions such as 
Parkinson's disease (1), strabismus (1), migraine (1), HT (1), history of tumor resection from the maxilla (2) and 
thalamic infarction (1). The disease started after tooth resection at the same side in one patient, and had similar 
disease history in his brother. 
Conclusions: In HFS, medical treatment strategies like anticonvulsant agents or GABAergic drugs are usually 
ineffective. Local BT injection (orbicularis oculi or other lower facial muscles) is the best symptomatic treatment for 
primary HFS. Microvascular decompression of the facial nerve root prevents ephaptic transmission and it is the most 
effective treatment strategy in selected patients. 
References: Colosimo C, Bologna M, Lamberti S. et al. 2006, A comparative study of primary and secondary 
hemifacial spasm, Arch Neurol, vol 63, pp. 441-444 

1249 
Development of a questionnaire to assess sensory trick in patients with dystonia 
L. Avanzino, G. Bonassi, N. Cothros, E. Pelosin, R. Marchese, G. Abbruzzese, F. Morgante, D. Martino (Genova, 
Italy) 
Objective:  
We developed an ad hoc questionnaire detailing sensory trick information, in order to classify the most used tricks, 
their frequency and their efficacy to temporarily relieve dystonia in a sample of patients with cervical dystonia (CD). 
Background:  
The sensory trick is a voluntary manoeuvre that temporarily improves dystonic postures and movements. Although 
self-induced application of sensory stimuli is the most common and effective category of sensory trick, clinical 
experience suggests that the phenomenon is more diverse, to include purely motor and cognitive tricks. However, 
there are no systematic instruments to evaluate type and frequency of sensory trick in idiopathic dystonia. 
Methods:  
CD patients were included in the study if they fulfilled following criteria: diagnosis of adult-onset idiopathic CD 
according to standard criteria, age >18 years, time elapsing from the previous botulinum toxin injection 3 months or 
more. We collected patients’ demographic and clinical features. Severity of CD was assessed with Toronto Western 
Spasmodic Torticollis Rating Scale (TWSTRS). The questionnaire screened for different types of sensory tricks 
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(sensorimotor, purely motor, purely sensory or cognitive), selected through consultation within a panel of experts 
and literature review. Patients were asked to describe, for each of them, the frequency of use and the relief induced 
by the sensory trick on a 0-10 visual analogue scale. 
Results:  
During this preliminary study, a total of 50 patients met eligibility criteria (35 females, 63.1±12.7 years). Mean 
disease duration was 15.4 years, with a mean TWSTRS scoring of 22. Thirty-eight (76%) of them reported to 
frequently use sensory tricks. Thirty-five out of 38 patients (92%) reported to use sensory tricks more than once in a 
day. On the visual analogue scale the mean relief reported from sensory tricks was of 7.2 out of 10. Most 
participants reported similar actions as resting chin on hand and pushing back of the head. 
Conclusions: Sensory trick is a relevant clinical characteristic in CD and can be assessed by the use of a specific 
questionnaire. 

1250 
Tactile and proprioceptive dysfunction differentiates between cervical dystonia with and without tremor 
L. Avanzino, A. Cherif, O. Crisafulli, F. Carbone, A. Ravaschio, P. Morasso, J. Zenzeri, R. Marchese, G. 
Abbruzzese, E. Pelosin, J. Konczak (Genova, Italy) 
Objective:  
To evaluate whether tactile and proprioceptive dysfunction in cervical dystonia is associated with co-existing 
tremor. 
Background:  
Cervical dystonia (CD) is characterized by involuntary neck muscle contractions that cause abnormal head postures. 
Tremor can be an additional phenotypic feature of CD indicating that CD is also a network disorder involving 
cerebro-cerebellar circuitry. CD is associated with a generalized somatosensory deficit that also affects non-dystonic 
motor systems. It is unknown, if the different phenotypes of CD exhibit different levels of somatosensory 
impairment. 
Methods:  
We enrolled 24 treatment-free patients with focal CD, (12 with tremor and 12 without) and 22 age-matched healthy 
subjects (HS). As markers of somatosensory function we obtained 1) tactile temporal discrimination thresholds of 
the non-dystonic forearm, and 2) proprioceptive acuity measures in both the affected (head/neck) and unaffected 
body segments (forearm/hand) using a joint position-matching task. The head or the wrist was passively displaced 
by the experimenter or through a robotic exoskeleton to a distinct joint position (head lateral rotation and head 
lateral bending, wrist flexion-extension and abduction-adduction). Then participants actively reproduced the 
experienced joint position, which was tracked by a motion capture system for the head or by encoders of the robotic 
exoskeleton for the wrist. The absolute joint position matching error between target and the reproduced positions 
served as a marker of proprioceptive acuity. 
Results:  
Mean tactile temporal discrimination thresholds were significantly elevated in both CD subgroups when compared 
to controls. Proprioceptive acuity of both the affected and unaffected body segments was abnormal only in patients 
with cervical dystonia and tremor. 
Conclusions: Tactile abnormalities were a shared dysfunction of both CD phenotypes, while proprioceptive 
dysfunction was primarily observed in CD patients with tremor. These findings suggest that the pathophysiology in 
CD patients with tremor is characterized by two abnormal neural processes: First, a dysfunctional somatosensory 
gating mechanism related to basal ganglia defective inhibitory activity and Second, abnormal processing of 
proprioceptive information within a defective cortico-cerebellar loop. 

1251 
Task-specific lower limb dystonia only during walking stairs 
J.S. BAIK, H.I. MA (Seoul, Republic of Korea) 
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Objective: To understand of the spectrum of focal task-specific lower limb dystonia only during walking stairs 
Background: Focal task-specific dystonia in the lower limb or foot are occurred only during a specific activity or 
task, including walking, running, hiking or cycling. Several medication and botulinum toxin injection are effective 
in these patients. 
Methods: We performed multiple searches with some key words, using PubMed from 2005 to 2018. We gathered 
and reviewed all original articles and case reports. Our inclusion criteria were (1) lower limb dystonia causing foot, 
knee or hip abnormal posture (2) dystonia only during walking down/upstairs (3) dystonia involving only single 
lower limb. We excluded some patients with (1) abnormal movements in the other body parts, except one lower 
limb (2) dystonia, triggered by intense repetitive exercise, such as walking on the floor, running, or cycling, despite 
walking down/upstairs. Ten patients were in previous published 5 cases series and we added 5 new Asian patients (3 
in Korea and 2 in Japan). 
Results: Eleven (73%) of 15 patients were women. The mean age of initial diagnosis was 45.3 years (range 21-67), 
and age of onset was 40.9 years (range 20-56). According to their clinical findings, 8 patients (50%) had the Kicking 
type, including 2 patients with the rKicking type, 6 patients had the Lifting type, however one patient was not 
included in the two types. None were improved by any medication or botulinum toxin injection. After average 6.2 
years (range 0.5-15) follows up period, all patients’ symptom was not aggravated or not improved. 
Conclusions: We found that there were big two types (Lifting and Kicking type) in focal task-specific dystonia 
during walking stairs. This movement had two unique features, comparing with those associated with intense 
repetitive exercise. One is that none treatment is effective on this movement, and the other is that the course of this 
movement is always static without any improvement and aggravation. 

1252 
Depression and cognitive impairment in isolated focal-onset dystonia: prevalence and risk factors in a group 
of Romanian patients 
O.L. Bajenaru, I. Popescu-Olaru, E. Serban, L. Cozma, F. Raicu, R. Cocos, L. Dumitrescu, B.O. Popescu 
(Bucharest, Romania) 
Objective: To assess the prevalence of depression and cognitive impairment and their potential risk factors in a 
group of Romanian patients with isolated focal-onset dystonia (IFD). 
Background: The IFDs are a heterogeneous spectrum of movement disorders characterized by intermittent or 
sustained non-physiological postures. Clinical and epidemiological observations suggest that people with IFD may 
have higher rates of depression compared with the general population, while the association with cognitive 
impairment is inconsistently reported. A causal relation with the facial topography was proposed, but available 
evidence is scarce and conflicting. 
Methods: We performed a cross-sectional analysis and nested case-control study (IFD with and without depression, 
matched for age and sex) using the GENDYS database – i.e., an ongoing research project financed by the Romanian 
Ministry of Research and Innovation (UEFISCDI, PN-III-P4-ID-PCE-2016-0696). For the descriptive statistics we 
included all patients for whom depression and cognition tests were performed (i.e., PHQ-9 and MoCA). For the 
depression group we used a PHQ-9 cut-off of at least 10 points. The cut-off was less than 5 for the controls. 
Results: The cross-sectional study included 48 patients (11 males and 37 females, median age 58). Of these 20 were 
eligible for the case-control study (i.e., 2 men and 8 women per group, mean age 51). According to the PHQ-9 
scores 46% of the patients had depression, higher prevalence being noted in women (49% versus 36%, p=0.06) and 
in those with facial IFD (32% versus 19% for blepharospasm, p=0.03). MoCA scores indicating impairment were 
found in almost half of the patients, with higher prevalence in those older than 65 (53% versus 42%, p=0.1) and 
those with depression (55% versus 38%, p=0.01). A higher risk for depression was associated with facial IFD 
(OR=3.5, p=0.18 for all IFDs, and OR=3.85, p=0.26 for blepharosphasm only), worse perceived severity of the 
disease (OR=9, p=0.05), and concomitant administration of clonazepam and trihexyphenidyl (OR=6, p=0.12). 
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Conclusions: Depression may have higher prevalence in patients with blepharospasm and other facial IFDs and is 
associated with the perceived severity of the disease. A negative impact of commonly used drugs for IFD is 
plausible and should be addressed in future studies. 
References: 1. Albanese A, Bhatia K, Bressman SB, Delong MR, Fahn S, Fung VS, Hallett M, Jankovic J, Jinnah 
HA, Klein C et al: Phenomenology and classification of dystonia: a consensus update. Mov Disord 2013, 28(7):863-
873. 2. Albanese A, Di Giovanni M, Lalli S: Dystonia: diagnosis and management. Eur J Neurol 2019, 26(1):5-17. 
3. Berman BD, Junker J, Shelton E, Sillau SH, Jinnah HA, Perlmutter JS, Espay AJ, Jankovic J, Vidailhet M, 
Bonnet C et al: Psychiatric associations of adult-onset focal dystonia phenotypes. J Neurol Neurosurg Psychiatry 
2017, 88(7):595-602. 4. Conte A, Defazio G, Hallett M, Fabbrini G, Berardelli A: The role of sensory information in 
the pathophysiology of focal dystonias. Nat Rev Neurol 2019. 5. Kuyper DJ, Parra V, Aerts S, Okun MS, Kluger 
BM: Nonmotor manifestations of dystonia: a systematic review. Mov Disord 2011, 26(7):1206-1217. 6. Romano R, 
Bertolino A, Gigante A, Martino D, Livrea P, Defazio G: Impaired cognitive functions in adult-onset primary 
cranial cervical dystonia. Parkinsonism Relat Disord 2014, 20(2):162-165. 7. Yang J, Shao N, Song W, Wei Q, Ou 
R, Wu Y, Shang HF: Nonmotor symptoms in primary adult-onset cervical dystonia and blepharospasm. Brain Behav 
2017, 7(2):e00592. 

1253 
Oromandibular Dystonia: Clinical Data from 68 Patients 
M. Balal, M. Demirkiran (Adana, Turkey) 
Objective: To determine the demographic and clinical data of patients with oromandibular dystonia (OMD). 
Background: Dystonia is a type of movement disorder characterized by sustained, involuntary muscle contractions, 
often causing abnormal postures. OMD is a rare type of focal dystonia and basically affects the tongue, jaw, and 
mouth. 
Methods: Patients with OMD, both isolated and combined, followed in our Movement Disorders Outpatient clinic 
between 2004-2018 were enrolled in this study. Age, gender, age at onset, duration of disease were recorded. Type 
of OMD, affected muscles, etiologies accompanying neurological disorders and treatments were noted. 
Results: Sixty-eight patients (38 female /30 male) were included in this study. The duration of disease was 6 (1-29) 
years and the age at onset was 42.6 (1-88) years. Family history was positive for dystonia in six patients. Idiopathic 
dystonia was the most common etiology. Twelve patients had task-specific dystonia. The most common type was 
lingual and jaw-opening dystonia. Thirty-seven patients had isolated OMD, 31 patients had either segmental or 
generalized dystonia. Only 9 patients reported sensory trick. 
Conclusions: OMD is a type of focal dystonia prominently affecting the quality of life. This study is done to add 
more data to literature defining the clinical features of this rare disorder and to draw attention to this neglected type 
of dystonia. 

1254 
Expression analysis of candidate genes in a cell model of affected and unaffected THAP1 mutation carriers 
and controls 
H. Baumann, M. Trilck-Winkler, M. Grosse, A. Münchau, V. Kostic, C. Klein, F. Kaiser, P. Seibler, K. Lohmann 
(Lübeck, Germany) 
Objective: To evaluate the role of expressional changes in carriers of a THAP1 mutation in relation to penetrance of 
dystonia. 
Background: THAP1 encodes a transcription factor that regulates its own expression and may also impact on the 
expression of TOR1A. Mutations in the THAP1 and TOR1A gene, respectively, can lead to early-onset, isolated, 
generalized dystonia (DYT-THAP1 and DYT-TOR1A, respectively). Notably, while ~50% of THAP1 and ~30% of 
TOR1A mutation carriers develop dystonia, a considerably number of carriers remains unaffected by dystonia 
throughout their lives, a phenomenon known as reduced penetrance. The underlying mechanisms of the reduced 
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penetrance in DYT-THAP1 remain elusive. Maturing neurons generated from induced pluripotent stem cells 
(iPSCs) could serve as an in-vitro model to unravel penetrance-relevant mechanisms. 
Methods: iPSCs were generated by reprogramming human dermal fibroblasts from 11 controls and 10 mutation 
carriers (5 affected, 5 unaffected) from three families with different THAP1 mutations using non-integrating Sendai 
virus. Thirty-two iPSCs clones (1-2 clones per individual) were differentiated into cortical neurons according to the 
protocol described by Shi et al. 2012 (PMID 22976355). Cortical neurons were harvested on day 44 of 
differentiation for gene expression analysis by quantitative PCR. 
Results: Gene expression analysis in the 44-day old neuronal lines revealed higher expression of THAP1 in carriers 
of the p.Lys158Asnfs*23 and p.Ser21Cys mutations, but not in p.Arg13His carriers. A trend of increased THAP1 
expression in affected compared to unaffected carriers was observed. TOR1A expression seemed unaltered. 
Furthermore, THAP1 expression was independent of a putatively penetrance-linked polymorphism in the KAT6A 
promotor, a region that loops to the THAP1 promotor as shown by 4C analysis. 
Conclusions: We observed higher expression of THAP1 in some mutation carriers compared to controls depending 
on the mutation, which may be explained by the autoregulation of THAP1. Further, the THAP1 expression level 
might correlate with the disease status. Future transcriptomic profiling will shed light on dysregulated signaling 
pathways resulting in DYT-THAP1 dystonia.A similar abstract on the same topic has been submitted to the Annual 
Meeting of the European Society of Human Genetics to be presented in June 2019 in Gothenburg, Sweden. 

1255 
Stimulus-induced paroxysmal cranial dyskinesia and Nail Patella Syndrome in a multigenerational family 
with a novel mutation in the LMX1B gene 
S. Bech, A. Loekkegaard, T. Nielsen, A. Nørremølle, L. Hasholt, Y. Mang, J. Nielsen, H. Eiberg, L. Hjermind 
(Copenhagen, Denmark) 
Objective: To perform a genetic linkage study with the aim to identify the cause of dyskinesia in a large family with 
affected members in several generations presenting an autosomal dominant inheritance pattern. 
Background: In a multigenerational Danish family stimulus-induced cranial dyskinesia with paroxysmal 
blepharospasms and pursing of mouth occurs together with musculoskeletal abnormalities and kidney dysfunction. 
Several causative genes have been identified for paroxysmal dyskinesias. Nonetheless, about 50% of cases remain 
unexplained. Nail-patella syndrome (NPS) is caused by autosomal dominant mutations in the LMX1B gene, [MIM: 
161200], encoding the transcription factor LMX1B, important for cytoskeletal and kidney development, and 
serotonergic and dopaminergic neuron circuit development in mammalian CNS. 
Methods: Genome-wide single-nucleotide polymorphism (SNP) microarray analysis was performed for 13 family 
members and LOD score calculated. Subsequently, six additional family members were analyzed with short tandem 
polymorphism (STP) and SNP’s and LOD score re-calculated. Whole exome sequencing was followed by Sanger 
sequencing and Western blotting to confirm presence of novel mutation and gene expression. 
Results: Linkage to the 9q32-34.11 locus associated with NPS was found (LOD score Z=4.93). Exome sequencing 
revealed a novel missense mutation (C>G transition at position chr9: 126693822 (hg38)) in LMX1B. Subsequent 
analyses confirmed the presence of the mutation in all affected family members with dyskinesia and NPS, as well as 
in four individuals with musculoskeletal features only (Figure 1). The transition (CAG > GAG) results in a Q to E 
amino acid change at position 264 in the protein, which is predicted to be damaging. Western blotting confirmed 
expression of LMX1B in both patients and healthy controls in equal amounts. 
Conclusions: We identified a new likely cause of hereditary dyskinesia and its previously unrecognized connection 
with NPS. We conclude that paroxysmal dyskinesia is a hitherto unrecognized part of the clinical spectrum of NPS. 
Lack of dyskinesia in four mutation carriers with NPS indicates incomplete penetrance due to an unknown modifier 
effect. The novel mutation likely results in a toxic gain-of-function effect. We hypothesize that subsequent 
disruption of dopaminergic function is the underlying cause of the dyskinesia in the family. 
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Acupuncture as Adjuvant Therapy for the Management of Cervical Dystonia 
D. Bega, K. Park, A. Grimone, F. Lin, M. Ring (Chicago, IL, USA) 
Objective: We conducted a pilot open-label study of acupuncture treatments as add-on therapy to botulinum toxin 
injection sessions (three months apart) in five subjects with chronic idiopathic cervical dystonia (CD) to determine 
the feasibility, safety, and efficacy of adjuvant acupuncture. 
Background: There are no curative treatments for CD, therefore conventional management is aimed at pain relief 
and muscle relaxation.  Many patients with CD use complementary and integrative (CIM) interventions to manage 
symptoms, yet there is limited data on the use of acupuncture for CD. 
Methods: Six one-hour acupuncture sessions took place every other week over the three-month period between 
consecutive botulinum toxin sessions. 
Results: Five subjects completed the study with only one acupuncture session missed by one subject, thereby 
meeting our pre-determined adherence goal.  All participants reported improvement from acupuncture.  Only minor 
adverse events were reported, with self-resolved discomfort in one subject, and self-resolved minor bruising in two 
subjects.  Data from exploratory efficacy endpoints including visual analog scale (VAS) for pain, a Clinician Global 
Impression of change (CGI), the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS), and the Short 
Form (36) Health Survey (SF-36) are presented. 
Conclusions: Acupuncture is feasible and safe as an adjunct treatment for chronic CD, and may be associated with 
subjective symptomatic benefits.  
This work is now published: Bega D, et al. Acupuncture as Adjuvant Therapy for the Management of Cervical 
Dystonia. Medical Acupuncture. 2018; 30(4):198-203. PMID: 30147821. 

1257 
The impact of physical activity and exercise on people living with dystonia 
L. Bradnam, R. Meiring, A. McCambridge (Auckland, New Zealand) 
Objective: The objective was to conduct a survey to elucidate the impact of exercise and physical activity on 
dystonia and identify barriers to participation. 
Background: Engaging in physical activity and exercise is vital for good health, reducing disease risk and 
enhancing quality of life. Many people with dystonia find exercise aggravates symptoms, although it is not clear 
why.  Knowledge about physical activity in dystonia is scanty, particularly the type and amount of exercise that 
aggravates symptoms. The aim of this study was to increase this understanding. 
Methods: An online survey was distributed to dystonia support groups worldwide who advertised the study via their 
networks. 
Results: There were 252 completed responses (55 male). The dystonia types were; cervical (n=41) generalised 
(n=25), blepharospasm  (n=25), and a mix of focal hand, segmental, spasmodic dysphonia and "other". 81 
respondents were living with dystonia for more than 10 years, 23 for less than one year. 133 respondents reported 
current botulinum toxin injections, 52 indicated they had discontinued this treatment . Most participants agreed 
dystonia symptoms stopped them from exercising as they wished to, and 64 said exercise had slightly or severely 
decreased since diagnosis. The broad symptoms aggravated by exercise were muscle spasms, tremor, eye closure, 
pain and fatigue. 125 respondents reported dystonia was aggravated almost immediately during a single bout of 
exercise . In contrast, many (n =124) said dystonia was the same or better immediately after exercise while others 
(n=140)  said it was the same or better hours or days after exercise. Participants felt reducing pain, fatigue and motor 
symptoms would help to better engage in exercise. Common barriers were physical and bodily impairments, 
negative emotions such as depression and anxiety, lack of social support, attitudes of others, cost, lack of community 
facilities and exercise programs and lack of knowledge about dystonia by exercise professionals. 
Conclusions: Many people living with dystonia find exercise has a negative impact on dystonia symptoms, with 
most decreasing participation after diagnosis. Some found symptoms were worse during a single bout of exercise, 
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others reported slightly improved symptoms in the longer term. Significant barriers to engaging in physical activity 
require further investigation. 

1258 
Touching Nose: Alleviating Maneuvers (Sensory Tricks) in Orofacial Dystonia 
N.G. Bülbül, M.G. Şenol (Istanbul, Turkey) 
Objective: Orofacial dystony is a type of focal dystonia that affects the facial and masticatory, cervical, laryngeal, 
eyelid, and pharyngeal muscles. 
Background: We present a patient who suffered involuntary contractions around the mouth and forehead which 
interfered in patient's well-being and quality of life by hampering her ability to talk and we wanted to highlight the 
sensory tricks, especially nose-trick as an important clinical finding in orofacial dystonia. 
Methods: Case Report. Thirty-five year-old male patient visited our outpatient clinic due to speech disorders, 
changes in facial expressions, involuntary contractions around the mouth. He had a history of head trauma four years 
ago. He had no history of consanguineous marriage and had no first-degree relative with neurological disorders. His 
complaints were improved when he placed chewing gum or similar food between his upper palate and his lip, or 
when he touched his nose (Video 1-5). 
Results: Hemogram (CBC), biochemical liver tests, serum ceruloplasmin (CPN) and serum copper levels were in 
normal limits. 24-h urinary copper level was 92.34 µg (3-50). Kayser-fleischer ring has not been detected. Contrast-
enhanced cranial magnetic resonance had normal findings. Botulinum toxin injection therapy was administered to 
the patient. 
Conclusions: Sensory tricks are manoeuvres performed by the patient to prevent dystonia and alleviate symptoms. 
Many different forms of sensory tricks have been shown so far such as motor tricks, imaginary tricks, forcible tricks 
and reverse sensory tricks (1-4). In this case, we wanted to show the response to the botulinum injection treatment 
and aimed to highlight the nose tricks rarely seen in orofacial dystonia with video images. 
References: 1. Ramos VFML, Karp BI, Hallett M. J Neurol Neurosurg Psychiatry 2014. Doi: 10.1136/jnnp-2013-
306971 2. LeDoux MS. Dystonia: phenomenology. Parkinsonism Relat Disord. 2012 Jan; 18( Suppl 1):S162–4. 
[PubMed: 22166421] 3. Patel N, Jankovic J, Hallett M. Sensory aspects in movement disorders. Lancet Neurol. 
2014 Jan; 13(1):100–12. [PubMed: 24331796] 4. Frucht S, Fahn S, Ford B, et al. A geste antagoniste device to treat 
jaw-closing dystonia. Mov Disord. 1999 Sep; 14(5):883–6. [PubMed: 10495062] 

1259 
Embouchure dystonia evoked with tactile stimulation recorded by MEG 
B. Bulica, C. Sidiropoulos, A. Mahajan, A. Zillgitt, S. Bowyer (Detroit, MI, USA) 
Objective: Embouchure dystonia (ED) is a rare focal, task-specific dystonia affecting brass and woodwind 
musicians. Its underlying pathophysiology is poorly understood [1]. 
Background: Transcranial magnetic stimulation (TMS), functional MRI (fMRI) and magnetoencephalography 
(MEG) have been used to investigate more common dystonias as well as ED. Disorganization of the somatosensory 
homunculus, alteration in sensorimotor processing, abnormal cortical plasticity and loss of cortical inhibition have 
all been implicated as proposed mechanisms [2-6]. 
Methods: MEG data was collected from a patient with ED at rest, while using tactile stimulation (index finger) to 
evoke dystonic activity normally triggered by playing the flute and following cessation of dystonic activity. MEG-
coherence source imaging (MEG-CSI) was used to noninvasively map the connectivity between brain regions by 
detecting and imaging the neuronal oscillations that are coherent across the brain [7-11]. 
Results: Compared to normal control subjects, during rest, patient with ED displayed hyperexcitability and 
increased coherence diffusely in the bilateral parietal cortices as well as in the bilateral inferior frontal regions. 
Highly coherent networks became more focal within the bilateral sensory cortices [Figure 1] and motor cortex was 
activated when the patient touched her bottom lip, inducing the dystonic tremor [Figure 2]. Increased gamma 
frequencies were also found. After the finger was removed, hyperexcitability and increased coherence persisted in 
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the bilateral parietal regions as well as the bilateral frontal regions. Pre-dystonia, the cingulate and insular gyri are 
receiving information while the right inferior frontal is transmitting information. During the dystonic activity, the 
right inferior frontal region is not significantly activated while the cingulate and insular gyri have both switched to 
transmitting information, something which persisted in the post-dystonic phase [Figure 3]. 
Conclusions: It may be postulated that increased coherence in the fronto-parietal regions at baseline as well as 
during dystonic activity reflect decreased intracortical inhibition and abnormal sensorimotor processing in ED. 
Increased alpha, beta and gamma-band frequencies during dystonic activity implicate abnormal pallido-cerebellar 
and cortico-pallidal pathways [12] while increased gamma following dystonia may be related to increased 
GABAergic activity in these regions [13]. 
References: 1. Frucht, S. Embouchure Dystonia-Portrait of a Task-Specific Cranial Dystonia. Movement Disorders 
2009, 24, 1752-1762. 2. Sussman, J. Musician’s Dystonia. J Pract Neurol 2015, 15, 317-322. 3. Elbert, T.; Candia, 
E.; Altermuller, E. et al. Alteration of digital representations in somatosensory cortex in focal hand dystonia. 
Neuroreport 1998, 16, 3571-3575. 4. Mantel, T.; Dresel, C.; Altenmuller, E. et al. Activity and Topographic 
Changes in Somatosensory System in Embouchure Dystonia. Movement Disorders 2016, 31, 1640-1648. 5. 
Haslinger, B.; Altenmuller, E.; Castrop, F et al. Sensorimotor overactivity as a pathophysiologic trait of embouchure 
dystonia. Neurology 2017, 74, 1790-1797. 6. Hirata, Y.; Schulz M.; Altenmuller, E. et al. Sensory mapping of the 
lip representation in brass musicians with embouchure dystonia. Neuroreport 2004, 15, 815-818. 7. Elisevich, K.; 
Shukla, N.; Moran, J. et al. An assessment of MEG coherence imaging in the study of temporal lobe epilepsy. 
Epilepsia 2011, 52, 1110-1119. 8. Nazem-Zadeh M.; Bowyer, S.; Zillgitt, A. et al. MEG coherence and DTI 
connectivity in mTLE. Brian Topography 2016, 29, 598-622. 9. Lajiness-O’Neill, R.; Richard, A.; Moran, J. et al. 
Neural synchrony examined with magnetoencephalography (MEG) during eye gaze processing in autism spectrum 
disorders: preliminary findings. Journal of Neurodevelopmental Disorders 2014, 6:15. 10. Mahajan, A.; Zillgitt, A.; 
Bowyer, S. et al. Sensory Trick in a Patient with Cervical Dystonia: Insights from Magnetoencephalography. Brain 
Sciences 2018, 8, 51. 11. Mahajan, A.; Alshammaa, A.; Zillgitt, A. et al. The effect of Botulinum Toxin on Network 
Connectivity in Cervical Dystonia: Lessons from Magnetoencephalography. Tremor and Other Hyperkinetic 
Movements 2017, 7, doi: 10/7916/D84M9H4W. 12. Neumann, W.; Ashwani, J.; Bock, A. et al. Cortico-pallidal 
oscillatory connectivity in patients with dystonia. Brain 2015, 138, 1894-1906. 13. Muthukumaraswamy, S.; Edden, 
R.; Jones, D. et al. Resting GABA concentration predicts peak gamma frequency and fMRI amplitude in response to 
visual stimulation in humans. PNAS 2009, 106, 8356-8361. 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

1260 
Phenotypic segregation in kindred with a novel ANO3 variant 
V. Carvalho, F. Correia, J. Martins, J. Massano, T. Temudo (Matosinhos, Portugal) 
Objective: To describe the phenotypic and genotypic presentation of a kindred with a novel ANO3 mutation. 
Background: Mutations in ANO3 gene cause an autosomal dominant craniocervical dystonia (DYT24), presenting 
from childhood to middle life. However, in the past few years, the clinical spectrum of this disorder has widened. 
We present a family with heterogeneous presentation, exemplifying the several phenotypes of DYT24. 
Methods: Case series. 
Results: A healthy 20-year-old female presented to the outpatient clinic due to gait impairment for 5 years. At the 
age of 15 she fell and twisted her ankle. A few months later she noticed her foot was deviated inwards when she 
walked. She denied any tremor, pain, weakness or spams. She was already on levodopa 150 mg daily, without 
improvement. On examination she had a dystonic posturing with inversion of her left foot when walking, with 
normal posture when at rest or walking backwards; her neurological examination was otherwise unremarkable. Her 
family history was striking for a father with cervical dystonia and parkinsonism, a grandfather with rapidly 
progressive cervical dystonia and myoclonus, and a younger brother with childhood myoclonic dystonia. A genetic 
panel of inherited forms of dystonia found the point mutation c.1787C>A (p.Ser596Tyr) in all afflicted patients. 
Conclusions: Previously reported ANO3 mutations usually present with craniocervical dystonia, and rarely 
generalized or leg dystonia. Our kindred exemplify the heterogeneous presentation of this disorder, as well as a wide 
phenotypic variability within the same family. 
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1261 
Cortical Homeostatic Plasticity Alteration in Cervical Dystonia 
S. Caverzasio, N. Amato, G. Bramati, G. Koch, A. Kaelin-Lang, S. Galati (Lugano, Switzerland) 
Objective: To  investigate the link between sleep and cortical plasticity in cervical dystonia (CD). 
Background: CD is the most frequent type of dystonia. Although still debated, a growing body of literature 
suggests that an alteration of brain plasticity may play a key role in the pathophysiology of CD. Since sleep is 
known to be implicated in the regulation of cortical plasticity, sleep disturbance and changes in cortical plasticity in 
CD may both reflect some common brainstem basic neural circuit defect. 
Methods: CD patients and age-matched healthy subjects (HS) underwent two repetitive transcranial magnetic 
stimulation (rTMS) sessions (potentiation and a depotentiation protocol), within a 12 hours interval (evening and 
morning session). The amplitude of the motor evoked potentials (MEPs) recorded at baseline and after each protocol 
were compared. 
Results: As expected, HS showed changes of MEP amplitude in accordance to the potentiation/depotentiation 
protocols. Potentiation indeed, was more evident in the evening session, whereas in the morning there was a 
prominent depotentiation. We observed a similar response after the potentiation protocol in CD patients. On the 
contrary, after the depotentiation protocol, CD patients had a paradoxical hyperpotentiation that was even stronger in 
the morning session. 
Conclusions: This finding seems to point in the direction of a hypersynaptic plasticity in CD patients and are thus 
consistent with the hypothesized alteration of cortical activity in the pathophysiology of CD. Furthermore, sleep 
seems to play a role in the rTMS-mediated response in CD patients that will needs to be further investigated. 

1262 
First Experience with MR-guided Focused Ultrasound in the Treatment of X-linked Dystonia-Parkinsonism 
(XDP) 
W.C. Chang, T. Taira, R. Jamora, P.Y. Chiu, W. Lin (ChangHwa, Taiwan) 
Objective: Feasibility treatment in X-linked dystonia Parkinsonism with MR guided focused ultrasound. 
Background: XDP is a sex-linked disease initially presented with distal dystonia and rapidly progressed to 
generalized symptoms. Deep brain stimulation could help relieve symptoms but the economic status and health care 
system for these people are also an issue. Recently, the magnetic resonance (MR)-guided focused ultrasound 
technology (MRgFUS) offers feasible results in treating essential tremor and tremor dominant Parkinson’s disease 
with optimized accuracy. We describe here the first experience of the MRgFUS treatment of XDP in Chang Bin 
Show Chwan Memorial hospital. 
Methods: This 42-year old male patient suffered from hand dystonia for 5 years and rapid progressed to generalize 
dystonia. XDP was diagnosed by Dr. Jamora with clinical survey, XDP gene and MRI findings. The scales of 
UPDRS, EQ-5D-3L, Unified Dyskinesia Rating Scale and Video-clips were collected. He was treated with 
unilaterally MRgFUS ablation over right pallido-thalamic tract (PTT). Final temperatures at target were between 
56°-60oC. Primary relief symptoms were evaluated with subjective statement and clinical neurologic examinations. 
The MR examinations were performed before, during and immediately after the operation. 
Results: This is the first treatment using unilateral PTT tractotomy with MRgFUS in the world. The target was 
defined real time with patient’s subjective statements during low power sonication. As a consequence, the treatment 
protocol was adapted by applying repetition of the final temperatures up to 56-600C. MRI showed a thermal lesion 
on PTT in T2-weighted (T2W) images after sonication. There were no neurologic deficits after treatment. 
Conclusions: Our experience demonstrated the feasibility, safety, and accuracy of the MRgFUS tractotomy in 
treating XDP. In the treatment of movement disorders, the MRgFUS may be an alternative choice. 

1263 
Acute hemichorea caused by infarction over globus pallidus interna 
Y.P. CHANG (Kaohsiung, Taiwan) 
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Objective: To report a case of acute hemichorea after infarction over globus pallidus interna 
Background: Movement disorders occurred after stroke have been recognized in previous reports, and chorea is one 
of the commonest movement disorders following stroke occurrence. Chorea may be induced by unilateral or 
bilateral lesions, including thalamus, cortical surface or lentiform nucleus. [1]. Most patients with hemichorea-
hemiballismus are often caused by contralateral sub-thalamic nucleus.[2][3] Globus pallidus lesions have been 
rarely reported to be associated with chorea. Herein, we reported a case of hemichorea induced by isolated infarction 
over globus pallidus interna. 
Methods: This 26 year-old young man suffered from acute onset of involuntary movement over right side limbs. 
Initial presentation was writing difficulty and gait disturbance. Heichorea was diagnosed due to semi-rhythmic, 
irregular pattern without repetition. His right foot movement persisted all day and his sleep was affected. 
Results: Diffuse weighted imaging (DWI) of brain magnetic resonance imaging (MRI) revealed hyper intensity  left 
globus pallidus interna suggestive of acute infarction. We also checked possible  risk factors of young stroke 
including metabolic syndrome profiles, thyroid function, coagulation factors, autoimmune profiles, syphilis, vitamin 
B12, homocysteine ,and folic acid. Uncontrolled hypertension and elevated cholesterol level were found. Elevated 
rheumatoid factors (75.3 IU/ml ) and borderline positive lupus anticoagulants were also detected.Carotid doppler 
and cardiac echo showed no abnormalities. Brain MRA revealed no evidence of focal stenosis or occlusion of 
intracranial vessels. Chorea improved gradually 2 weeks later and subsided  1 month after stroke without other 
sequelae. 
Conclusions: Globus pallidus interna is rarely reported to be associated with hemichorea. The possible mechanism 
remained unknown. Lesions of the subthalamic nucleus presumably decreased the normal excitatory drive to the 
internal segment of the globus pallidus and reduce the inhibitory output of the globus pallidus on the thalamus. 
Thalamus disinhibition may contribute to overactivity of cerebral cortex. We presumed that lesions of globus 
pallidus interna may also decrease inhibition on thalamus with excessive excitatory drive to cerebral cortex, which is 
represented as contralateral hyperkinetive movement. 
References: 1.Alarcón F, Zijlmans JC, Dueñas G, Cevallos N.Post-stroke movement disorders: report of 56 
patients.J Neurol Neurosurg Psychiatry. 2004 Nov;75(11):1568-74. 2.Dewey RB Jr, Jankovic J. Hemiballism-
hemichorea. Clinical and pharmacologic findings in 21 patientsArch Neurol. 1989 Aug;46(8):862-7. 3.Chung SJ, Im 
JH, Lee MC, Kim JS. Hemichorea after stroke: clinical-radiological correlation. J Neurol. 2004 Jun;251(6):725-9. 

1264 
Dynamic causal modelling of cortical activity in task-specific dystonia 
J.C. Chen, C.C. Chen (Taichung, Taiwan) 
Objective: Here, we tried to apply dynamic causal model to differentiate the motor network of dystonia patients 
from that of normal controls through EEG recordings. 
Background: Task-specific dystonias are primary focal dystonias characterized by excessive muscle contractions 
producing abnormal postures during selective motor activities that often involve highly skilled, repetitive 
movements (Torres-Russotto et al., 2008). Although, the pathophysiology of dystonia may involve basal ganglion, 
cerebellum, and sensori-motor system, the cortical network has not been fully investigated. 
Methods: Total 15 task-specific focal hand dystonia with control were collected. We recorded EEG through a 
Neuroscan amplifier while subjects performing non-symptomatic hand movement. Data was then preprocessed with 
time-frequency Morlet wavelet transform. Five sources located in MNI space, including bilateral M1, bilateral PM 
and SMA with 6 plausible models. For the DCM analysis, we used Bayesian model selection to identify the optimal 
models among the models being tested both at the individual and the group levels. Once the optimal model were 
obtained, the frequency-specific coupling parameters were tested. 
Results: In Fig 1., we compared the the model with nonlinear intrinsic and extrinsic coupling and fully connected 
networks of task-specific dystonia with normal control upon the 6 plausible models; among them, model 5 was the 
best model. We further identified five frequency-specific network connections that are significantly different 
between the patients and the healthy. 
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Conclusions: Here, dynamic causal model, we found a specific network difference between task-specific dystonia 
and control in group levels. The current results serve as a possible neuro-biomarker in the diagnosis of task-specific 
dystonia. 

1265 
Visual sensory processing is altered in myoclonus dystonia 
C. Clement, N. Nicolas, C. Cécile, E. Eavan, R. Romain, M. Marie, P. Pierre, E. Emmanuel, Y. Yulia (Paris, France) 
Objective: The aim of the present study was to assess the temporal discrimination and motion processing in DYT-
SGCE myoclonus-dystonia as well as its’ neuronal correlates using structural neuroimaging. 
Background: Similarly to other dystonic syndromes  abnormal sensori-motor integration  has been shown in DYT-
SGCE. However,  temporal discrimination and motion perception has not been studies in this form of dystonia. We 
hypothesized that DYT-SGCE patients,  known to share some common pathophysiological features with other 
dystonic syndromes, will have an abnormal sensory processing of temporal discrimination and motion. 
Methods: Using  computerized tasks, we tested temporal discrimination, discrimination of the speed and 
the direction of the motion in 37 DYT-SGCE patients (with n = 24 and without n = 13 deep brain stimulation 
of GPI) compared to controls (n = 25). To further assess how visual perception are generated in this form of 
dystonia, the behavioral data were analyzed using computational “race model”. In this  model, an accumulation of 
sensory “evidence” for a hypothesis occurs in a linear fashion. Once enough sensory evidence for a certain response 
is accumulated (at a rate μ), signified by the decision signal reaching its threshold (θ), then this hypothesis is 
accepted and a decision to respond is made.  We also performed the region of interest analysis for the structural 
changes within the neuronal network that underpin the performance in the behavioral tasks. 
Results: Computational analysis of the behavioral performance in tasks pointed to a slower rate of sensory 
accumulation in DYT-SGCE patients compared to the healthy volunteers in both temporal discrimination and 
motion evaluation tasks. Structural brain analysis showed a thicker primary visual cortex in the DYT-SGCE 
patients, which predicted severity of myoclonus and a lower rate of sensory accumulation in the visual Temporal 
discrimination task. 
Conclusions: Our findings suggested that visual sensory information processing is altered in DYT-SGCE.  The 
abnormalities of brain morphology and correlations with clinical severity scores, suggest that abnormalities of 
sensory processing is likely a part of the pathogenesis of myoclonus-dystonia. 

1266 
Impact of fixed or flexible abobotulinumtoxinA injection intervals on patient outcomes: Analyses from a 3-
year observational study following patients with cervical dystonia 
C. Colosimo, T. Chung, D. Charles, V. Misra, S. Om, P. Maisonobe (Terni, Italy) 
Objective: This post-hoc analysis assessed the impact of fixed or flexible injection schedules on outcomes in 
patients receiving abobotulinumtoxinA (aboBoNT-A) for cervical dystonia (CD) in routine practice. 
Background: Primary analyses of the INTEREST IN CD2 study indicated that satisfaction with botulinum 
neurotoxin type-A (BoNT-A) symptom control remains relatively constant over 3 years. Predictive factor analyses 
showed that subjects with more severe CD (higher TWSTRS Total scores) are less likely to be satisfied, both at peak 
effect and end of cycle. In addition, subjects with shorter treatment intervals were also less likely to be satisfied with 
their symptom control. In routine practice, BoNT-A clinics are often run according to fixed or flexible injection 
intervals. 
Methods: INTEREST IN CD2 (NCT01753349) was a 3-year observational study following people with CD treated 
with BoNT-A. A survey was sent to study sites to ascertain whether they reinjected according to: fixed re-injection 
intervals (hospital rules/usual practice), a flexible schedule (depending on patient needs) or a mix of both. Study 
outcomes for subjects using aboBoNT-A were reanalysed by subgroup. 
Results: 61 of 113 active sites completed the survey, allowing post-hoc analysis for 337 subjects treated with 
aboBoNT-A. Of these, 26 subjects (7.7%) were treated according to fixed schedules (median aboBoNT-A dose: 
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414U, median interval: 14.1 weeks), 141 (41.8%) had flexible schedules (dose: 500U, interval: 15.3 weeks) and 170 
(50.4%) had mixed schedules (dose: 525U, interval: 15.9 weeks). While rates of satisfaction at peak effect were 
similar between groups, subject satisfaction at end of treatment cycle (i.e. at waning of effect) looked higher for 
subjects with schedule flexibility versus those with fixed schedules [Table1]. Differences in the change from 
baseline TWSTRS scores were also apparent between flexible and fixed groups at the end of the last treatment cycle. 
Conclusions: Subjects with flexibility in their aboBoNT-A injection schedules to meet patient needs had injection 
intervals of 15.3 weeks. This injection interval was longer than for the fixed schedule group (limited in sample size) 
and, in line with the primary analysis, was associated with better patients benefits even at the end of an injection 
cycle. 

 

1267 
AbobotulinumtoxinA Using 2 mL Dilution Maintains Durable Functional Improvements Across Multiple 
Treatment Cycles 
K. Dashtipour, J. Otto, P. Maisonobe, L. Bahroo, D. Truong, R. Trosch (Loma Linda, CA, USA) 
Objective: This open-label extension (OLE) study evaluated the long-term safety and efficacy of repeat treatment 
cycles of abobotulinumtoxinA using 2 mL dilution (NCT01753336). 
Background: Cervical dystonia (CD) is a chronic neurological movement disorder characterized by sustained 
involuntary contractions of the neck muscles, leading to disabling postures. 
Methods: This was an OLE of a 12-week, randomized, placebo-controlled trial. Eligible patients included adults 
(≥18yr) with primary idiopathic CD who completed the lead-in Week 12 (Wk12) visit or whose Toronto Western 
Spasmodic Torticollis Rating Scale (TWSTRS) total score decreased ≤15% from baseline (before first 
abobotulinumtoxinA administration) at lead-in Wk4. For Cycle 1 (C1), patients toxin-naïve at baseline received 
500U, and non-naïve patients received 250-500U based on prior onabotulinumtoxinA dose. In C2/C3, dose 
adjustments were limited to ≤250U/cycle and maximal total dose limited to 1000U/cycle. Re-treatment occurred 
every 12-16wks, for ≤3 OLE cycles, based on clinical judgment. Endpoints included TWSTRS and safety 
(treatment-emergent adverse events [TEAEs]). 
Results: Of 112 treated patients, 92 completed the Wk36 visit (C3-Wk12). Mean TWSTRS total score was 42.2 at 
baseline and decreased to 30.1 at C3-Wk12, with a total change from baseline of -11.7 at C3-Wk12. For each cycle, 
TWSTRS scores decreased from D1 to Wk4 and increased between Wk4 and Wk12, though the Wk12 scores 
remained lower than D1 scores. Mean TWSTRS scores at Wk4 and Wk12 were primarily lower for each successive 
cycle (no worsening to baseline). 70 patients (62.5%) reported 220 TEAEs; dysphagia, muscular weakness, and neck 
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pain were the most frequent (10.7% each). Most TEAEs (n=156) were not considered treatment-related by 
investigators and none led to discontinuation or death. 
Conclusions: Results were consistent with the lead-in double-blind study and showed that abobotulinumtoxinA at 
approved doses using 2 mL dilution remained effective and well tolerated over 4 treatment cycles, demonstrating 
sustained improvements within and across cycles in CD patients. 

1268 
Efficacy and Safety of AbobotulinumtoxinA in Adults with Cervical Dystonia: Similar Results Between 1mL 
and 2mL Dilution Methods 
K. Dashtipour, R. Hauser, S. Isaacson, D. Truong, L. Bahroo, A. Patel, P. Maisonobe, J. Otto (Loma Linda, CA, 
USA) 
Objective: To evaluate efficacy and safety of a single injection of abobotulinumtoxinA using 1-mL or 2-mL 
dilution in adults with CD. 
Background: AbobotulinumtoxinA is approved (US only) for the treatment of cervical dystonia (CD) using 1-mL 
or 2-mL dilution. Dilution flexibility allows clinicians to individualize patient care, which may improve patient 
outcomes. 
Methods: AbobotulinumtoxinA was evaluated in 3 double-blind, placebo-controlled trials (1 mL: Trials 1 and 2; 2 
mL: Trial 3). In Trials 1 and 2, patients were randomized to abobotulinumtoxinA 500 U or placebo.  In Trial 3, 
patients were randomized to abobotulinumtoxinA (500 U if toxin-naïve at baseline; 250-500 U based on previous 
onabotulinumtoxinA dose, if non-naïve) or placebo.  Eligible adults had primary idiopathic CD, baseline Toronto 
Western Spasmodic Torticollis Rating Scale (TWSTRS) total score ≥20 (2 mL) or ≥30 (1 mL) and TWSTRS-
severity subscale score >10 (2 mL) or ≥15 (1 mL). The primary efficacy endpoint was change in TWSTRS total 
score (Week 4 – baseline). Treatment-emergent adverse events (TEAEs) were assessed. 
Results: In Trial 1 (n=80), 37 patients received abobotulinumtoxinA; 43 placebo. In Trial 2 (n=116), 55 patients 
received abobotulinumtoxinA; 61 placebo. In Trial 3 (n=133) 88 patients received abobotulinumtoxinA; 45 placebo. 
All trials met the primary endpoint (Trial 1: Δ-6.0, P=0.013; Trial 2: Δ-8.8, P<0.001; Trial 3: Δ-8.3, P<0.001). 
AbobotulinumtoxinA’s safety profile was similar across trials. Dysphagia was the most common TEAE (9-16%). 
Conclusions: Although trial designs differed, abobotulinumtoxinA was efficacious using 1-mL or 2-mL dilution, 
offering treatment flexibility and individualized patient care. Safety and tolerability were similar across trials. 

1269 
Correlation of Retinal Nerve Fiber Layer Thickness and X-Linked Dystonia Parkinsonism Measured by 
Spectral-Domain Optical Coherence Tomography 
M.A. DE GUZMAN, F. LEVINA, C. GO, E. PALISOC (Manila, Philippines) 
Objective: This is a pilot study aimed to determine the association of the Retinal Nerve Fiber Layer (RNFL) 
thickness with X-Linked Parkinsonism Disease patients using Spectral Domain Optical Coherence Tomography 
(SD-OCT) and to determine if the duration and type of the disease correlate with RNFL thickness. 
Background: Sex-linked dystonia parkinsonism is rare type of movement disorder with varying severity and 
parkinsonism found only in people of Filipino descent and predominantly affecting the male population. Ocular 
Coherence Tomography is a fast, cost-efficient and non-invasive retinal imaging tool that can generate cross-
sectional images of the RNFL.  Previous studies have detected reduction of RNFL thickness in neurodegenerative 
disorders however no report on the correlation with retinal findings and vision of XDP patients has been made. 
Methods: This is an observational cross sectional study consisting of patients who are clinically and genetically 
confirmed cases of X-Linked Dystonia Parkinsonism from Panay, Philippines and their age-matched controls. 
Disease severity was measured the X-linked dystonia-parkinsonism-Movement Disorder Society of the Philippines 
(XDP-MDSP) rating scale, disease duration (years), type (dystonia-dominant or parkinsonism-dominant or mixed) 
were recorded. Structural analysis of the RNFL was performed using spectral domain optical coherence tomography 
and results were collated according to the average RNFL thickness and RNFL thickness per 6 sector (superonasal, 
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inferonasal, superotemporal, inferotemporal, temporal, nasal). Sub-analysis of the relationship of the duration of the 
disease, MDSP rating, and types of XPD to RNFL thickness were also done. 
Results: Results showed there is statistically significant thinning of the RNFL of all sectors of XDP patients except 
the superotemporal sector, compared with the controls. A cut off value of RNFL thickness per sector, predictive of 
XDP, was generated however with poor sensitivity and specificity. The duration of the disease, type of XPD, and 
severity of disease did not significantly correlate with RNFL thickness. 
Conclusions: X-Linked Parkinsonism Disease patients have significantly reduced RNFL thickness. Measurement of 
RNFL thickness can be a promising non-invasive and cost-effective biomarker for the diagnosis of PD and for 
evaluation of the effect of future therapies. 

1270 
Social Cognition and Habituation in Cervical Dystonia 
B. Ellement, Y. Jasui, J. Sarna, S. Furtado, T. Pringsheim, B. Callahan, D. Martino (Calgary, AB, Canada) 
Objective: To assess social cognition in people with cervical dystonia (CD). 
Background: Anxiety and depression are common and disabling comorbidities in CD. Difficulties in processing 
socially salient stimuli may affect mood control, but have not been thoroughly investigated in CD. 
Methods: We report preliminary cross-sectional data in which 36 patients (86.1% female, mean age=55.56 years) 
were administered 9 tests for social cognition domains (theory of mind – reality-known/unknown; empathy; social 
perception – affect naming, prosody pair matching, and social perception; and social behaviour – social norms 
questionnaire) in addition to assessments of dystonia (Toronto Western Spasmodic Torticollis Rating Scale) and 
mood/anxiety (Hospital Anxiety and Depression Scale, Liebowitz Social Anxiety Scale, Generalized Anxiety 
Disorder-7, Panic Disorder Severity Scale, and Yale-Brown Obsessive-Compulsive Scale). Social cognition tasks 
were standardized using published normative data and cut off of z < -1.5 for impairment. Relationships between 
clinical scores were examined using bivariate correlation. Social cognition abilities were compared between CD 
patients with high/low (based on HADS cut-off=8) anxiety and depression, using Mann-Whitney U. 
Results: CD severity did not significantly correlate with any social cognition domain. Significant direct correlations 
were observed between: HADS Anxiety score and affect naming (r=.418) and social perception (r=.385); LSAS 
score and reality-unknown (r=.399); PDSS composite score and affect naming (r=.424) and social perception 
(r=.350); Y-BOCS Obsessions score and affect naming (r=.500) and social perception (r=.385). HADS Depression 
was significantly inversely correlated with empathy quotient (r=-.345). Participants with CD and clinically relevant 
anxiety (n=16) performed marginally better on tasks of affect naming (U=100.50 p=.056) than those without anxiety 
(n=20). Participants with CD and clinically relevant depression (n=10) performed moderately worse on the empathy 
quotient (U=89.00 p=.095) than those without depression (n=26). 56% fell below the norm in the social norms 
questionnaire, 17% for the empathy quotient, and 3% for affect naming. 
Conclusions: Social cognition performance does not correlate with CD severity, but appears enhanced in anxious 
CD patients, whereas empathy worsens at the worsening of depression. Social cognition mechanisms could facilitate 
coping with raised anxiety in people with CD. 

1271 
Microstructural Changes in Basal Ganglia and Cerebellar Networks in Patients with Idiopathic 
Blepharospasm 
M. ESPOSITO, T. Yousaf, H. WILSON, S. PELUSO, L. SANTORO, F. MANGANELLI, G. PAGANO, M. POLITIS 
(NAPLES, Italy) 
Objective: In this study, we aimed to assess structural connectivity alterations in the basal ganglia, thalamus and 
cerebellum in patients with idiopathic blepharospasm (BS) compared to healthy controls. We hypothesised that 
motor network dysfunction is likely to play a role in the neuropathology of primary dystonia. 
Background: Isolated adult-onset focal dystonia is considered to be a motor network disorder, with dysfunction of 
the basal ganglia and cerebellar circuits contributing to the pathophysiology. 
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Methods: Diffusion Tensor Imaging (DTI) with 3-Tesla MRI was employed to evaluate microstructual alterations 
in structural connectivity in 9 patients with idiopathic BS (mean age: 65.6±10.0 years; 3 males (33.3%), 6 females 
(66.7%); mean disease duration: 9 years) compared with 18 age- and gender-matched healthy controls (mean age: 
67.4±8.5 years; 7 males (38.9%), 11 females (61.1%). Using an a priori region-of-interest approach, we assessed and 
compared local alterations in fractional anisotropy (FA) and mean diffusivity (MD) between patients with idiopathic 
BS and healthy controls in order to determine disease-specific patterns of white matter abnormalities.[1]. 
Results: Patients with idiopathics BS exhibited increased FA (P=0.025) and reduced MD (P<0.001) in the putamen 
compared to the group of healthy controls. Patients with idiopathics BS had reduced MD in the caudate (P=0.016), 
globus pallidus (P<0.001), thalamus (P=0.005), substantia nigra (P<0.001) and cerebellum (P<0.001) compared to 
the group of healthy controls. 
Conclusions: Our pilot data demonstrate that idiopathic BS is associated with patterns of altered white matter 
microstructural connectivity within regions of the basal ganglia and cerebellum. These findings support the notion 
that microstructural changes within the basal ganglia and cerebellar motor circuits could underlie the manifestation 
of focal dystonia, however we anticipate the analyses of additional idiopathic BS subjects in order to draw more 
definite conclusions. 
References: 1)Tondo G, Esposito M, Dervenoulas G, Wilson H, Politis M, Pagano G. Hybrid PET-MRI 
Applications in Movement Disorders. Int Rev Neurobiol. 2019;144:211-257 

1272 
Botulinum toxin for the management of dystonic scoliosis in children 
D. Ferman, T. Sanger (Los Angeles, CA, USA) 
Objective: To report the use of botulinum toxin (BoNT) for the treatment of dystonic scoliosis in children with 
cerebral palsy. 
Background: Children with CP and severe functional limitations (GMFCS lV and V) have an increased frequency 
of scoliosis. We hypothesize that CP, dystonia is an important cause of scoliosis.  Literature depicts a rotation or 
twist of the spine occurs as  the lateral bend become more severe. 2  In our movement disorders clinic, surface EMG 
is used to evaluate muscle activity.  During our exams, increased dystonic muscle activity was audible on the 
concave side of the curve in some children.  A national perspective of surgery in children with cerebral palsy 
concluded that there was a need to develop interventions to improve the outcomes of orthopedic surgery particularly 
in the case of scoliosis surgery. 3 It is common and well excepted practice to treat dystonia in children with 
botulinum toxin to facilitate movement, joint preservation and or caregiving. However, it is less commonly utilized 
in the treatment of care for scoliosis, specifically dystonic scoliosis. 
Methods: Series report 
Results: At 12 years of age our patient had increased scoliosis, we began treatment with BoTN injections into her 
thoracic paraspinal muscles, approximately every 3 months for 1 year. During this time she was also seen by ortho 
and spinal surgery was offered. She was also seen by neurosurgery who offered Baclofen pump trial. BoTN was 
given as needed for the next 6 months. At followup it was noted "a nearly straight spine" and "no twisting" of the 
spine. No further botulinum toxins have been needed. At an annual follow up visit she was noted to have mild 
thoracic left concave, lumbar right concave, no botox needed but will consider if no improvement with physical 
therapy or worsening of her scoliosis. Mom has been able to decrease oral medications and she continues with 
therapy. Four other children have received BoTN for treatment of dystonic scoliosis and similar results have been 
seen in those that that had audible activity on surface EMG. 
Conclusions: We conjecture, that subset of children with dystonic scoliosis benefit from BoTN injections into the 
paraspinal muscles by delaying or aborting surgery for scoliosis. A multicenter, multidisciplinary study to document 
these effects and out comes would be useful to document and delineate our findings. 
References: 1. Rutz E, Brunner R. Management of spinal deformity in cerebral palsy: conservative treatment. J 
Child Orthop. 2013;7(5):415-418. doi:10.1007/s11832-013-0516-5 2. Lovett RW. The mechanism of the normal 
spine and its relation to scoliosis. Bost Med Surg J. 1905;153(13):349-358. 3. Murphy NA, Hoff C, Jorgensen T, 
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Norlin C, Firth S, Young PC. A national perspective of surgery in children with cerebral palsy. Pediatr Rehabil. 
2006;9(3):293-300. doi:10.1080/13638490500523283 

1273 
A case of severe blepharospasm after psoralen and ultraviolet A treatment 
P. Ferreira, S. Moreira (Senhora da Hora, Portugal) 
Objective: Report a case of blepharospasm secondary to PUVA therapy 
Background: Blepharospasm is a focal dystonia that can present as spasms of the eyelids, involuntary eyes’ closure, 
enhanced spontaneous blinking or any combination of these. Primary blepharospasm usually starts in adulthood and 
is the most frequent type. Its secondary form has been described in cases of structural brain lesions, prolonged 
exposure to certain drugs and neurodegenerative diseases, such as parkinsonian syndromes. Although it has been 
described as a presenting symptom of photokeratitis, it has never been associated with other forms of structural or 
iatrogenic ocular lesions, such as psoralen and ultraviolet A (PUVA) therapy. 
Methods: Retrospective analysis of the patient's’ clinical registries 
Results: A 50 years old woman, with a past medical history of psoriatic arthritis, presented to our emergency 
department in 2002 complaining of sudden blurred vision and headache worsened by eye movements and 
accompanied with phono and photophobia. A month before she had been subjected to PUVA for psoriatic lesions 
and developed severe and extensive burn injuries all over her body. Neurological examination was striking for 
diminished pupillary reflex in the right eye, complex gaze ophthalmoplegia and enhanced blinking. In the following 
appointments she kept the enhanced blinking and severe photophobia with a permanent need for orange filter 
glasses, even in the dark. Without them she is functionally blind and the eyes are in permanent supraversion. She has 
been treated with botulinum toxin, with improvement of the blepharospasm. 
Conclusions: Blepharospasm is a rare dystonia much more common in it’s primary form. Even though it has 
already been described as a secondary form of numerous etiologies, this is the first case report of blepharospasm 
after PUVA, presenting in a severe and disabling way. 

1274 
Botulinum toxin content and activity: Potential implications for duration of efficacy in patients with cervical 
dystonia 
M. Field, A. Splevins, M. Schans, J. Langenberg, D. Noort, P. Picaut, K. Foster (Abingdon, United Kingdom) 
Objective: To quantify the amount of botulinum neurotoxin-A (BoNT-A) protein in each vial of commercial BoNT-
A product and compare light chain activity of 150 kDa BoNT-A in different products. 
Background: Therapeutic BoNT-A effects are mediated by the 150 kDa neurotoxin. Each product has a unique 
manufacturing process, different excipients, potency units and dosing recommendations. For example, in Canada 
(where clearly defined maximum dosing recommendations are provided for all 3 products), the maximum total dose 
for use in cervical dystonia (CD) is 1000U for abobotulinumtoxinA (aboBoNT-A, Dysport), 360U for 
onabotulinumtoxinA (onaBoNT-A, Botox), and 300U for incobotulinumtoxinA (incoBoNT-A, Xeomin). Light 
chain activity of 150 kDa BoNT-A in different products is unknown. 
Methods: Quantitation of 150 kDa BoNT-A used sandwich ELISA with antibodies specific to 150 kDa BoNT-A. 
Commercial products were quantitated versus a calibration curve of recombinant BoNT-A. Activity was assessed 
using EndoPep assay. Concentration of a cleaved target was measured and quantity of 150 kDa BoNT-A determined 
relative to quantity of recombinant BoNT-A required for equivalent light chain activity. 
Results: The amount of 150 kDa neurotoxin per potency unit of commercial product was 5.38pg for aboBoNT-A, 
9.04pg for onaBoNT-A and 4.03pg for incoBoNT-A. Thus, when total recommended CD doses are given, there is 
more 150 kDa BoNT-A injected in aboBoNT-A (1000U x 5.38pg = 5.38ng) than in onaBoNT-A (360U x 9.04pg = 
3.25ng) and incoBoNT-A (300U x 4.03 = 1.21ng). Similar results are found at recommended initial doses 
(aboBoNT-A 500U = 2.69ng vs. onaBoNT-A 200U = 1.81ng vs. incoBoNT-A 200U = 0.81ng). EndoPep assay 
showed no significant differences between BoNT-A products in light chain activity per ng of 150 kDa toxin. 
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Conclusions: No differences in light chain activity were seen between BoNT-A products. However, there were 
greater amounts of neurotoxin in aboBoNT-A at the maximum total dose than either onaBoNT-A or incoBoNT-A. 
At the recommended dose, all BoNT-A products have a similar safety profile. This greater amount of neurotoxin 
may prolong denervation following aboBoNT-A injection, resulting in the previously observed clinically long 
duration of response with sustained symptom relief between injections. 

1275 
Features of neural activity of globus pallidus in a patient with cervical dystonia and putaminal stroke: case 
study 
A. Gamaleya, A. Tomskiy, S. Usova, V. Popov, A.G. Shaikh, A. Sedov (Moscow, Russian Federation) 
Objective: To describe single unit neural activity in globus pallidus (GP) of cervical dystonia (CD) patient with 
putaminal stroke and compare it with CD patients without evidence of structural brain lesion. 
Background: Previous studies have demonstrated that lesions in the posterior putamen and GPe might affect direct 
and indirect pathway of movement and induce dystonia [1,2]. Precise mechanisms of these effects have not been 
fully characterized. 
Methods: A 48-year old man suffered ischemic stroke in July 2012 which manifested as right-side hemiparesis, 
right facial weakness, and aphasia. The symptoms regressed in 4 months, although MRI revealed a lacunar 
poststroke lesion in left posterior putamen [figure1]. 10 months later patient developed CD with predominant right-
side torticollis. He was repeatedly treated with botulinum toxin, however, no relief in dystonia or pain was achieved. 
At the age of 54, he was evaluated for bilateral GPi-DBS. We used intraoperative microelectrode recording during 
implantation of the electrodes. We analyzed firing rate (FR) and coefficient of variance (CV) in GPi and GPe and 
compared them with parameters of 6 CD patients with robust torticollis. 
Results: In CD patient with putaminal stroke, neural activity was characterized by high frequency regular 
discharges (FR>100 imp/sec in GPi and FR>70 imp/sec in GPe, CV<1). CD patients without lesions in basal ganglia 
were characterized by relatively low frequency (FR 50-60 imp/sec) and irregular or burst-like discharge pattern 
(CV>1.2), p<0.01. We also saw robust asymmetry in GPe FR (p<0.01) and no significant differences in GPi FR in 
CD patient with poststroke putaminal lesion. In contrast, other CD patients showed asymmetry in GPi and no 
asymmetry in GPe [figure2]. We switched on GPi-DBS separately for each lead. Significant amelioration in CD was 
achieved only by activation of the electrode ipsilateral to direction of head rotation (58.3% in motor TWSTRS). 
Conclusions: Electrophysiological characteristics of GP neural activity in a CD patient with putaminal cyst 
significantly differ from CD patients with normal MRI. These findings suggest possible pathogenetic relationship 
between lesion in posterior putamen and appearance of delayed cervical dystonia. Moreover, imbalance in the neck 
proprioceptive feedback might contribute to pallidal asymmetry [3]. Study was funded by the Russian Science 
Foundation (project 18-15-00009). 
References: 1. Vidailhet, M., Grabli, D., & Roze, E. (2009). Pathophysiology of dystonia. Current opinion in 
neurology, 22(4), 406-413. 2. Park J. (2016). Movement Disorders Following Cerebrovascular Lesion in the Basal 
Ganglia Circuit. Journal of movement disorders, 9(2), 71-9. 3. Sedov, A., Usova, S., Semenova, U., Gamaleya, A., 
Tomskiy, A., Crawford, J. D., ... & Shaikh, A. G. (2019). The role of pallidum in the neural integrator model of 
cervical dystonia. Neurobiology of disease. 
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1276 
Role of pallidotomy in secondary dystonia in pediatric patients 
K. Garg, M. Singh, V. Goyal (New Delhi, India) 
Objective: Our study aimed to assess the role of pallidotomy in pediatric patients with secondary dystonia. 
Background: The response of primary dystonia to pallidal surgery (DBS or lesioning) is good. However, patients 
with secondary dystonia are considered poor surgical candidates. In this study, we tried to find the results of 
pallidotomy in patients with secondary dystonia. 
Methods: We included all patients under 20 years of age, who underwent bilateral pallidotomy for secondary 
dystonia. Various parameters were studied after retrieving the data from the computerized database of our hospital. 
Change in disability after surgery was used to assess the response to pallidotomy. 
Results: Ten patients underwent bilateral pallidotomy for secondary dystonia in the study duration. The various 
causes of secondary dystonia included hypoxic ischemic encephalopathy, post-encephalitic, wilson's disease and 
pantothenate kinase associated neurodegeneration. Mean age was 13 years (range 6 to 20 years). All the patients had 
generalized dystonia. One patient was in status dystonicus. Nine patients had improvement in symptoms. One 
patient had worsening of his psychiatric symptoms. 
Conclusions: Pallidotomy is an effective way of treating patients with secondary dystonia, though the response is 
not as good as in primary dystonia. Even partial improvement is beneficial in patients with secondary dystonia. 

1277 
Postural Abnormalities in Parkinson's Disease: an Epidemiological and Clinical Multicenter Study 
C. Geroin, M. Gandolfi, R. Ceravolo, M. Capecci, E. Andrenelli, M. Ceravolo, L. Bonanni, M. Onofrj, M. Vitale, M. 
Catalan, P. Polverino, C. Bertolotti, S. Mazzucchi, S. Giannoni, N. Smania, S. Tamburin, L. Vacca, F. Stocchi, F. 
Radicati, C. Artusi, M. Zibetti, L. Lopiano, A. Fasano, M. Tinazzi (Verona, Italy) 
Objective: To evaluate the overall prevalence of postural abnormalities (PA) in patients with Parkinson’s disease 
(PD) and to assess their association with demographic and clinical variables. 
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Background: In PD the overall frequency of PA is unknown. Previous studies have investigated the prevalence of 
each isolated PA reporting variable results [1,2,3]. 
Methods: We performed a multicenter cross-sectional study enrolling consecutive PD outpatients attending 7 
tertiary Italian centers. Patients underwent evaluations and were compared according to the presence of isolated PA 
including camptocormia (CC), Pisa syndrome (PS) and anterocollis (AC) and of combined forms (i.e CC+PS, 
CC+AC, etc.) for several demographic and clinical variables. 
Results: Among 811 PD patients enrolled, PA were detected in 174 patients (21.5%, 95% CI 18.6%-24.3%). 
Isolated PA were 144 whilst the combined were 30. The prevalence of CC was 11.2% (95% CI 9%-13.3%), of PS 
was 8% (CI 6.2%-9.9%) and of AC was 6.5% (CI 4.9%-8.3%). PA patients were more frequent male, older, with 
longer disease duration, had a more advanced disease stage, more severe PD symptoms, bradykinetic/rigid 
phenotype, and poorer quality of life. They were initially treated with L-dopa, took higher daily L-dopa equivalent 
daily dose, and had more comorbidities. Falls and back pain were more frequent in PD with PA than in PD without 
PA. Multiple logistic regression models confirmed a association of PA with male gender, Hoehn & Yahr stage, and 
total score of UPDRS. Combined PA were associated with a more advanced PD stage and severity of symptoms 
than isolated PA. 
Conclusions: PA are frequent and disabling complications in PD. Early detection and treatment of PA may prevent 
the development of fixed and irreversible deformities. 
References: [1] Doherty KM, van de Warrenburg BP, Peralta MC, et al. Postural deformities in Parkinson's disease. 
Lancet Neurol 2011;10:538-549; [2] Srivanitchapoom P, Hallett M. Camptocormia in Parkinson's disease: 
definition, epidemiology, pathogenesis and treatment modalities. J Neurol Neurosurg Psychiatry 2016; 87:75-85; [3] 
Tinazzi M, Fasano A, Geroin C, et al. Italian Pisa Syndrome Study Group. Pisa syndrome in Parkinson disease: An 
observational multicenter Italian study. Neurology 2015;85:1769-79. 

1278 
Bilateral Globus Pallidum interna stimulation for Blepharospasm 
D.R. Ginjupally, T. Ali, C. Van Horne, Z. Guduru (Lexington, KY, USA) 
Objective: Deep brain stimulation (DBS) of the Globus Pallidus Interna (GPi) is performed for treatment of 
medically intractable dystonia, including primary generalized dystonia, myoclonic dystonia, and cervical 
dystonia.There is little experience, however, with other focal dystonias.  We present long-term follow-up of chronic 
pallidal DBS in blepharospasm. Blepharospasm, a focal dystonia characterized by involuntary orbicularis oculi 
muscle spasms, may vary in severity from a slightly bothersome condition to a disabling disorder that renders 
patients functionally blind.(1) 
Background: We report on a case of blepharospasm who was resistant to high dose of botulinum toxin, was 
successfully treated with bilateral pallidal DBS and improvement was noticed within a month and effect persisted. 
Methods: 70-year-old man presented with difficulty to keep his eyes open for 2 years, which gets worse with bright 
light. He was receiving botulinum toxin injections in orbicularis oculi and initially it was helping but effect lasted 
for 6-8 weeks. Hence frequency of injections was increased to every 2 months and few months later, there was no 
other benefit with botulinum toxin. Test dose of botulinum toxin showed no response and hence it was assumed that 
there was development of antibodies to the toxin. As he loves traveling, this symptom bothered him significantly 
and hence DBS was considered as a treatment option. 
Results: DBS settings are as follows: Left GPi: C+1-2-  3.85 mA, 90 microsec and 160 hertz. Right GPi: C+9-10-  6 
mA, 90 microsec and 160 hertz. Within in a month, there was significant improvement in blepharospasm. Quality of 
life was much improved, and the patient started traveling again, which had not been possible before. 
Conclusions: DBS for Meige syndrome has been previously reported with benefit and also the recent case reports of 
pallidal stimulation for isolated blepharospasm(2). DBS should be considered a potential therapy for medically 
refractory blepharospasm. Our experience is similar to other case reports of DBS for orofacial dystonia, where 
improvement occurred rapidly and within days. Bilateral GPi DBS may be an effective and safe treatment for select 
patients with primary blepharospasm who obtain disappointing results from conventional treatment. 
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References: 1. Ana Filipa Santos, Andreia Veiga, Luís Augusto, Rui Vaz, Maria José Rosas and Jens Volkmann. 
Successful Treatment of Blepharospasm by Pallidal Neurostimulation . Mov Disord Clin Pract. 2016 Jul-Aug; 3(4): 
409–411. 2. Luthra NS, Mitchell KT, Volz MM, Tamir I, Starr PA, Ostrem JL. Intractable Blepharospasm Treated 
with Bilateral Pallidal Deep Brain Stimulation. Tremor Other Hyperkinet Mov (N Y). 2017;7:472. Published 2017 
Jul 6. doi:10.7916/D8SJ1V9F 

1279 
Myoclonus-Dystonia Syndrome Due to a Novel Mutation in the Epsilon-Sarcoglycan (SGCE) Gene 
C. Gonzalez Robles, A. Rojo Sebastian, J. Garcia Diaz (Alcala de Henares, Spain) 
Objective: To present a case report of a patient with myoclonus-dystonia in whom a mutation in the epsilon-
sarcoglycan gene which has not been previously described, was detected. 
Background: Myoclonus-dystonia is a clinical syndrome characterized by childhood-onset alcohol-responsive 
myoclonus (usually the initial symptom), predominantly in the upper body, dystonia and psychiatric disorders, 
especially obsessive-compulsive disorder and anxiety. The main responsible gene is epsilon-sarcoglycan gene 
(SGCE), with an autosomal dominant inheritance pattern and maternal imprinting. Several pathogenic variations of 
the SGCE gene related to myoclonus-dystonia have already been described. 
Methods: A 41-year-old woman presented with brief muscle jerks since age 12, which improved with alcohol. 
Furthermore, she suffered from anxiety and had occasionally complained of neck and back stiffness. Her paternal 
grandmother and two paternal great aunts presented early-onset myoclonus which stabilized with age, tremor and 
parkinsonism, and her sister complained of mild tremor. Her father and brother were asymptomatic. 
Results: At examination, the patient presented trunk, cervical and upper-limb myoclonus, as well as cervical 
dystonia. Brain magnetic resonance imaging, electroencephalogram, blood tests for secondary dystonia (including 
copper and ceruloplasmin) and cerebrospinal fluid analysis were all normal. A molecular study of the SGCE gene 
showed a previously undescribed heterozygous mutation (c.694_825+148delinsCAGTGCA o p.Asp229Glufs*14), 
which produces a premature stop codon (truncated protein) or an alternative splicing, both of them very probably 
pathogenic. After several pharmacological measures, she is currently in treatment with piracetam. 
Conclusions: Myoclonus-dystonia is a well-described entity but its genetic substrate is complex and expanding. The 
SGCE gene mutation here communicated has a high probability of pathogenicity and should be taken into 
consideration when future patients are genetically tested and counselled. 

1280 
Structural network fingerprints for GPI-DBS in dystonia 
G. Gonzalez-Escamilla, M. Muthuraman, M. Reich, N. Koirala, C. Riedel, M. Glaser, F. Lange, G. Deuschl, J. 
Volkmann, S. Groppa (Mainz, Germany) 
Objective: Here, we investigate whether patients who respond to GPi-DBS present different brain global and local 
network organization and structural MRI fingerprints as derived from 3D MP-RAGE-T1 images, and if these 
markers could act as predictors for the DBS outcome. 
Background: Deep brain stimulation (DBS) on the globus pallidus internus (GPi) is an effective evidence-based 
therapy for dystonia. However, no unequivocal and independent predictors of the clinical response to DBS exist. 
Moreover, only little is known about the neuromodulatory effects of DBS over the brain networks. 
Methods: Fifty-one patients diagnosed with segmental and generalized dystonia who underwent bilateral GPi-DBS 
were recruited for this study. Patient’s neurosurgical procedure and clinical data are described elsewhere[1-3]. DBS 
clinical outcomes were quantified as the improvement percentage in the movement scale, assessed before and 3 
years after surgery. The improvement percentage at follow-up was then used to classify the patients as having a 
moderate- or superior-outcome (threshold of 70%). All patients underwent MRI (1.5T) and a validation cohort was 
acquired at 3T. MRI data were pre-processed in FreeSurfer to obtain cortical thickness (CT). Network reconstruction 
from CT estimates was based on the anatomical delimitations of the Desikan-Killiany atlas[4]. The network 
topology was assessed within the graph theoretical framework using the brain connectivity toolbox[5]. 
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Results: Decreased small-worldness (t=4.7, p=1.8e-5) and normalized path length (t=3.82, p=0.0002), with 
increased normalized clustering coefficient (t=3.81, p=0.005) and local efficiency (t=1.6, p=0.05) arose for the 
superior-outcome, indicating long-range disconnection and higher local connectivity. The regional analyses showed 
that frontal, sensori-motor, temporal and parietal regions had higher degree centrality and clustering in the moderate-
outcome network than in the superior-outcome. The structural integrity of cortical regions showing network 
differences could best discern the clinical responsiveness 3 years after GPi-DBS (AUC=88%). 
Conclusions: Our study shows that the analysis of morphologic MRI markers and its derived network architecture 
can be developed into independent predictors for GPi-DBS outcomes at the group and single subject level, which in 
turn can be used to guide personalized therapeutic approaches when selecting patients who will benefit from this 
therapy. 
References: 1. Volkmann J, Wolters A, Kupsch A, et al. (2012) ‘Pallidal deep brain stimulation in patients with 
primary generalised or segmental dystonia: 5-year follow-up of a randomised trial’, The Lancet Neurology. Vol. 11, 
no, 12. pp. 1029-1038. 2. Volkmann J, Mueller J, Deuschl G, et al. (2014) ‘Pallidal neurostimulation in patients with 
medication-refractory cervical dystonia: a randomised, sham-controlled trial’, The Lancet Neurology. Vol. 13, no. 9. 
pp. 875-84. 3. Starr PA, Turner RS, Rau G, et al. (2006) ‘Microelectrode-guided implantation of deep brain 
stimulators into the globus pallidus internus for dystonia: techniques, electrode locations, and outcomes’, J 
Neurosurg. Vol. 104, no. 4. pp. 488-501. 4. Desikan RS, Segonne F, Fischl B, et al. (2006) ‘An automated labeling 
system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest’, NeuroImage. 
Vol. 31, no, 3. pp. 968-80. 5. Rubinov M, Sporns O (2010) ‘Complex network measures of brain connectivity: Uses 
and interpretations’, NeuroImage 52:1059-69. 

1281 
Dystonic storm with a change of stimulation from constant voltage to constant current 
Z. Guduru, T. Yamasaki, J. Guwell, J. Lamm, D. Ginjupally, S. Grupke, C. Van Horne (Lexington, KY, USA) 
Objective: Deep brain stimulation (DBS) is a FDA approved treatment for dystonia. Medtronic pulse generator 
(IPG), constant voltage (CV) stimulation and Boston Scientific generator, constant current (CC) stimulation are two 
types of DBS which are approved. We encountered a patient who had dystonic storm when CV stimulation was 
changed to CC stimulation and resolved upon changing back to CV stimulation. 
Background: We present an interesting patient with dystonia who was well controlled with CV stimulation and 
then substantially worsened when it was changed to CC stimulation, despite multiple programming attempts. Her 
symptoms were rapidly controlled when the device was replaced back to a CV stimulation device. 
Methods: 26-year-old woman with a history of generalized dystonic features since age 7. She presented with 
difficulty with walking and gradually progressed with speech involvement. By the age of 20, her breathing was also 
affected. Her brother, 20 years old, has a similar history of dystonia since age 8 including progression of symptoms 
without hyperkinetic features. They underwent bilateral GPi DBS (Medtronic PC) and improved clinically. The 
clinical improvement was stable for over 4 years. 
In 2015, 2016 and 2017, IPG was replaced with a CV device without the need for reprogramming.  
In 2018, on the same day, the IPGs were replaced from Medtronic to Boston Scientific (CV to CC stimulation). 
Within hours of the replacement, the sister had worsening of dystonic symptoms with dysphagia, speech difficulty 
and difficulty with walking. On examination she had facial, laryngeal, cervical and truncal dystonia. 
Results: Multiple factors were taken into consideration during troubleshooting and reprogramming, including 
impedance check, proper laterality of lead extensions, and programming of stimulation parameters identical to the 
previous settings. No errors were found and after 10 days of no clinical improvement, the decision was made to 
replace the device back to her original Medtronic IPG model and stimulation parameters. The day after surgery, her 
dystonia was well controlled back to her baseline. No errors in CC stimulation IPG were found. Interestingly, her 
brother did not have any worsening of symptoms with changing from CV to CC stimulation. 
Conclusions: In our case, it is not clear of why changing from CV to CC stimulation had such an impact on her 
symptoms, but we felt it is important to communicate the experience. 
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References: 1. Ramirez de Noriega F, Eitan R, Marmor O, Lavi A, Linetzky E, Bergman H, Israel Z. Constant 
Current versus Constant Voltage Subthalamic Nucleus Deep Brain Stimulation in Parkinson's Disease. Stereotact 
Funct Neurosurg. 2015 Feb 18;93(2):114-121. 2. Allert N, Kirsch H, Weirich W, Karbe H. Stability of symptom 
control after replacement of impulse generators for deep brain stimulation. J Neurosurg 110: 1274-1277, 2009. 

1282 
GNAO1 gene mutation: generalized dystonia without epilepsy. 
Z. Guduru, T. Ali, J. Gurwell, D. Ginjupally (Lexington, KY, USA) 
Objective: GNAO1 gene mutation is considered in the differential diagnosis of early onset epileptic 
encephalopathies (EOEE) with movement disorders. De novo GNAO1 mutations were first reported in Ohtahara 
syndrome and EOEE in four children, associated with abnormal movements in two (1). We present a case of 
generalized dystonia with de novo GNAO1 gene mutation who presented with development delay (dx at age 11 
months) and dystonia onset at the age of 12 and with no history of seizures. There was no response to deep brain 
stimulation targeting bilateral globus pallidum interna (GPi DBS). 
Background: Early onset encephalopathic epilepsy, developmental delay and later development of dyskinetic 
movement disorders have been reported in the literature as a common phenotype with GNAO1 gene mutation (3). 
Methods: 27year-old man presented with generalized dystonia. In his early childhood, he was diagnosed with global 
developmental delay. Between age 4 and 12, he was able to run without assistance but by the age of 12, he started 
stumbling while walking with in-turning of feet while walking and truncal posturing. He was diagnosed with 
generalized dystonia at the age of 12. Transient mild improvement was noted with tendon transfer, baclofen and 
botulinum toxin injections. He neither had a history of seizures or a family history of movement disorders or 
epilepsy. 
Results: MRI brain did not reveal any significant findings. Normal creatinine kinase, alpha fetoprotein levels, 
chromosome analysis. Whole genome sequence revealed GNAO1 gene mutation: c.724-8G>A, heterozygous de 
novo, splice mutation.He underwent bilateral GPi DBS at the age of 19 and there was no improvement noted with 
post-surgery. 
Conclusions: Our patient with generalized dystonia without epilepsy, expands the spectrum of GNAO1 gene 
mutation phenotype. There are only few case reports where DBS was shown to be successful but early intervention 
was the key, which probably was missed in our case (2). Early onset encephalopathic epilepsy, developmental delay 
and later development of dyskinetic movement disorders have been reported in the literature as a common 
phenotype with this gene mutation (3). We propose GNAO1 gene mutation to be considered in not only patients 
with epileptic encephalopathy, but those that present with isolated movement disorders as well. 
References: 1. Nakamura K, Kodera H, Akita T, et al. De Novo mutations in GNAO1, encoding a Galphao subunit 
of heterotrimeric G proteins, cause epileptic encephalopathy. Am J Hum Genet 2013;93:496–505. 2. Yilmaz, S., 
Turhan, T., Ceylaner, S. et al. Childs Nerv Syst (2016) 32: 1567. 3. Kulkarni N, Tang S, Bhardwaj R, Bernes S, 
Grebe TA. Progressive movement disorder in brothers carrying a GNAO1 mutation responsive to deep brain 
stimulation. J Child Neurol. 2016;31: 211-214. 
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Alternating bilateral deep brain stimulation in the internal pallidum and subthalamic nucleus in isolated 
segmental dystonia: a case report 
A. Handberg, S. Jensen, A.N. Høck, L. Hjermind, J. Brennum, B. Jespersen, M. Karlsborg, A. Løkkegaard 
(Copenhagen, Denmark) 
Objective: To present a patient with segmental dystonia and sequential bilateral deep brain stimulation (DBS) in the 
internal pallidum (GPi) and the subthalamic nucleus (STN). 
Background: Traditionally, dystonia is treated with stimulation in the GPi. In a randomized double-blinded 
protocol, DBS electrodes were implanted bilaterally in both the STN and the GPi. The protocol is described 
previously by Schjerling et al, 2013[1]. 
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Methods: A now 59-year-old woman with idiopathic isolated segmental dystonia, affecting the neck, shoulder and 
right arm, had a DBS operation in June 2013 with electrodes implanted bilaterally in both STN and GPi. Disease 
duration was 23 years, she was treated before surgery with botulinum toxin, clonazepam, anticholinergics, pethidine 
and oxycodone. Genetic analysis revealed no pathogenic variations in TOR1A/DYT1, CGH1/DYT5a or 
SGCE/DYT11. MRI of the brain was normal. Videos were recorded before surgery, 1 year after surgery with 
ongoing STN-DBS and approximately 2.5 years after surgery with ongoing GPi-DBS. 
Pre- and postoperatively the patient was rated using the Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS), Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS) and Short Form Survey 36 (SF-36). 
Results: Preoperatively the patient scored 25 on TWSTRS severity score and 32 on total BFMDRS. With STN-DBS 
approximately 1 year after surgery, TWSTRS severity score was 18 and total BFMDRS 8. Stimulation was changed 
to GPi. After approximately 2.5 years after DBS operation and 1.5 years with GPi-DBS, TWSTRS severity score 
was 12 and total BFMDRS 2. SF-36 improved significantly with both STN-DBS and GPi-DBS. STN-DBS had 
immediate effect on symptoms, GPi-DBS more insidious improvement. During STN-DBS, the patient suffered from 
dyskinesias. Contrary, GPi-DBS caused parkinsonian symptoms with hypophonia and slight bradykinesia. 
At long-term follow-up the patient prefer GPi-DBS. Long term effect has subsided slightly, TWSTR severity scale 
9, total BFMDRS 10.5. 
Conclusions: Both objectively and subjectively both GPi and the STN are effective and safe targets in this case, 
which highlights differing effects and side-effects with stimulation in these two targets. STN-DBS may be 
considered a safe and effective alternative to GPi-DBS in isolated segmental dystonia. 
References: [1] Schjerling L et al. J Neurosurg 2013;119(6):1537-1545. 

1284 
RDP is associated with bulbar and limb weakness: broadening the phenotype of ATP1A3+ Rapid-Onset 
Dystonia-Parkinsonism (RDP) 
I. Haq, B. Snively, J. Cook, C. Suerken, K. Sweadner, L. Ozelius, C. Whitlow, A. Brashear (Winston Salem, NC, 
USA) 
Objective: To describe a new finding of weakness associated with RDP. 
Background: RDP is caused by mutations of the ATP1A3 gene. The phenotype of RDP is typified by a bulbar-
predominant dystonia with rapid symptom onset after physiological stress. The ATP1A3 gene encodes the α3 
subunit of the Na+/K+ ATPase, expressed ubiquitously in neurons. Expression has been observed in heart tissue but 
not skeletal muscle. Weakness is not part of the phenotype. Based on anecdotal observations in our 50 ATP1A3 
mutation-positive subjects (MPs) and 44 mutation-negative relatives (MNs), we tested the hypothesis that MPs are 
more likely to have bulbar but not limb weakness. 
Methods: Subjects were excluded if onset occurred prior to 18 months of age. Subjects either had a mutation in 
ATP1A3 or were family members of such individuals. All underwent a videotaped neurological exam, including 
cranial nerve evaluation, neck strength, and limb strength. We defined bulbar weakness as abnormality on testing of: 
CN 5 (masseter strength), 7 (eye and mouth closure against resistance), 9&10 (palatal elevation and gag), 11 
(shoulder shrug), or 12 (midline and side to side movement). Limb weakness was defined as scores of < 5 on 0-5 
strength testing (hand grip, biceps, triceps, hamstrings, and quadriceps). 
Results: After subjects with missing data were excluded, bulbar weakness was calculated for 16 MPs and 8 MNs, 
and limb weakness for 18 MPs and 9 MNs. Significantly more MPs displayed bulbar weakness (81% vs 13%, 
p=0.0023). Limb weakness was not significantly different between MPs and MNs (39% vs 0%, p=0.059) than MNs. 
Conclusions: Though weakness is not known to be part of the RDP phenotype, significantly more MPs display 
bulbar or limb weakness than MNs. Muscle weakness should be carefully assessed in dystonic patients, and may 
raise the suspicion for genetic dystonia when present. We will follow up our findings with electrophysiological and 
pathological analysis of muscle tissue in MPs. 
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Quantitative assessments better delineate rare disease: reconsidering the diagnostic criteria in ATP1A3+ 
Rapid-Onset Dystonia-Parkinsonism (RDP) 
I. Haq, B. Snively, K. Sweadner, C. Suerken, J. Cook, L. Ozelius, C. Whitlow, A. Brashear (Winston Salem, NC, 
USA) 
Objective: To revise diagnostic criteria for RDP based on a cohort of ATP1A3 mutation+ individuals. 
Background: RDP is caused by mutations of the ATP1A3 gene. ATP1A3 encodes the α3 subunit of the Na+/K+ 
ATPase. The published diagnostic criteria for RDP include: a rostrocaudal gradient of symptom severity, bulbar 
dysfunction, rapid symptom onset. Characteristic features include physiological triggers and onset near adolescence. 
Our group examined whether the aforementioned criteria were diagnostic in our database of patients with ATP1A3 
mutations. 
Methods: Subjects were excluded if onset occurred prior to 18 months of age, to exclude Alternating Hemiplegia of 
Childhood. Subjects either had a mutation in ATP1A3 or were family members of such individuals. All underwent a 
videotaped structured interview and exam. We analyzed the cohort with respect to rapidity of onset, bulbar 
symptoms, and a rostrocaudal symptom gradient. Rapid onset was defined as < 30 days. The gradient was defined 
via Burke-Fahn-Marsden Dystonia Rating Scale (BMFDRS) subscores. 
Results: This yielded 50 mutation-positive subjects (MPs) and 44 mutation-negative relatives (MNs), with 10 
distinct mutations across 19 unrelated families. None of the criteria were universally met by MPs. A rostrocaudal 
gradient was present in 6%. Bulbar symptoms occurred in 84%, and rapid onset in 70%. More MPs overall did 
display moderate to severe dystonia with speech or swallowing (61%), than arms (35%), legs (39%), or face (5%). 
Onset ranged from 2 to 59 years (mean 22.4, SD±12.1). 68% of MPs had triggers. 
Conclusions: RDP patients do not universally display rapidity of onset, bulbar symptoms, or a rostrocaudal gradient 
of severity. The lack of a gradient cannot be used to exclude RDP. We believe this change stems from moving to 
quantitative assessments and distinguishing between facial and laryngeal dystonia. RDP should be considered in the 
differential for any rapid onset bulbar dystonia, and suspected even in patients with slower onset. 

1286 
Clinical and genetic characteristics of a new mutation causing Segawa´s disease in a Spanish kindred 
J. Hernández-Vara, S. Lucas (Barcelona, Spain) 
Objective: To describe the clinical phenotype and genetic characteristics of a novel mutation causing Segawa´s 
disease in a Spanish family. 
Background: Dopa-Responsive Dystonia (DRD) is a group of clinically and genetically heterogeneous disorders 
characterized by limb onset abnormal postures with marked diurnal fluctuations showing a sustained and excellent 
response to L-dopa. The most common condition leading to DRD is heterozygous mutations of the GTP 
ciclohydrolase 1 gene, located on 14q22.1-q22.2, also named  Segawa´s disease. GTP ciclohydrolase I mutations 
alter the central biosynthesis of dopamine 
Methods: Review the clinical recordings and genetic characteristics of two related subjects affected by Segawa´s 
disease from a Spanish family.  
Results: Case 1: This is a 45 year-old woman. Psychomotor development was normal. Her disease started at the age 
of 2 and a half  when parents noticed frequent falls and progressive gait difficulties. Gait worsened progressively 
with shuffling gait and instability. At the age of 7 , she noticed bilateral postural and action tremor. At this moment 
neurologic examination revealed a shuffling gait with dystonic posture (bilateral equinovarus). Deep tendon reflexes 
were brisk with aquileous clonus. The severity of clinical features fluctuated markedly throughout the day with 
benefit from the sleep. CSF levels of biopterin, 5-HIAA and HVA were normal. No abnormalities were detected on 
Cranial and Spinal MRI. L-dopa was prescribed  (50 mg per day) with a marked and sustained response.Case 2: This 
is a 70 year-old man. His neurological picture started at the age of 40,  characterized by a progressive impairment of 
gait. At this moment exploration revealed mild dystonic posture of the lower limb and brisk deep tendon reflexes. 
Gait clearly worsened throughout the day and patient also referred benefit from sleep. CSF levels of biopterin, 5-
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HIAA and HVA were normal. Cranial and Spinal MRI were unremarkable. L-dopa was prescribed (200 mg per day) 
with a marked response.A genetic test revealed a heterozygous point mutation p.W53X (c.158G>A) at Exon 1. This 
mutation leads to a codon stop and a trunked protein. 
Conclusions: Here we described a previous not reported mutation on GTP ciclohydrolase 1 gene in a Spanish 
family widening the genotypic spectrum. However, clinical features were indistinguishable of the classical Segawa´s 
disease. 
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Withdrawn 

1288 
Abnormal Sensorimotor Processing in Cervical Dystonia in Functional Magnetic Resonance Imaging 
L. Hvizdosova, P. Hok, D. Lachmanova, M. Nevrly, P. Otruba, P. Hlustik, P. Kanovsky (Olomouc, Czech Republic) 
Objective: The aim of this study was to assess brain activation during voluntary sequential finger tapping in 
cervical dystonia patients while manipulating task complexity. 
Background: Cervical dystonia (CD) is a movement disorder characterized by involuntary muscle contractions 
leading to abnormal head posture. Despite predominantly focal manifestation, CD is also associated with discrete 
deficits in praxis and abnormal sensorimotor activation during sequential finger movements. 
Methods: Participants (15 CD patients, 12 healthy controls) underwent one 3T fMRI session, during which they 
performed blocks of sequential finger tapping with their right hand according to visual cues. Each tapping epoch 
(TAP) included 4 repetitions of a 4-item sequence presented once during cue epoch (CUE). One half of the blocks 
consisted of a repeated simple constant sequence (CON condition), whereas the second consisted of unique pre-
randomized sequences (RAN condition). 
Results: In both groups, RAN-TAP was associated with increased activation in the premotor and posterior parietal 
cortices and decreased activation of the default mode network, whereas CON-TAP resulted in increased activation 
of the basal ganglia. In combined condition RAN+CON-TAP, patients activated more the left parietal operculum 
and less the bilateral sensorimotor cortex. During CUE, patients activated more the medial frontal cortex and 
activated less the left frontoparietal network. They also activated more bilateral premotor cortices during RAN-
CUE, but not during CON-CUE. 
Conclusions: We provide evidence for differences in the cortical representation of simple and complex motor 
sequential movements between patients with CD and healthy controls, confirming that CD is a system-wide disorder 
of central motor control and planning. 

1289 
Case of task-specific tremor and task-specific dystonia with contralateral spread 
L. Jackson, F. Ali (Rochester, MN, USA) 
Objective: To describe a case of task-specific tremor and dystonia. 
Background: Task-specific tremor is a type of action tremor that occurs during specific tasks such as writing or 
speaking. Task-specific dystonia is a focal dystonia involving muscle contractions with abnormal posturing during 
specific motor activities. Task-specific tremor and dystonia can be concurrently present in the same limb, but rarely 
has been reported spreading to the other side [1,2]. 
Methods: Case report. 
Results: A 66-year-old architect developed right hand tremulousness 40 years ago while writing and drawing 
sketches. Subsequently, his hand would adopt a dystonic posture while writing associated with a large amplitude 
tremulous movement. He began to use his left side, however over time the left hand also started assuming an 
abnormal posture only associated with writing [Figure 1]. He had no tremor with other activities.There was no 
benefit with propranolol up to a dose of 120 mg. MRI of the brain was normal. A surface electromyography study 
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demonstrated a position and task dependent tremor along with phasic agonist and antagonist muscle co-contraction 
suggestive of dystonic tremor without evidence of an essential tremor. He deferred other therapeutic options such as 
botulinum toxin or deep brain stimulation since the tremor was only associated with writing and he was able to cope 
by typing or dictating instead. 
Conclusions: We present a rare case of task-specific tremor and dystonia with contralateral spread. The evolution of 
dystonia spreading to the contralateral limb is rare but should be monitored for in individuals prone to developing 
task specific movement disorders. 
References: [1] Rosenbaum F, Jankovic J. Focal task-specific tremor and dystonia categorization of occupational 
movement disorders. Neurology 1988; 38(4). [2] Torres-Russotto D, Perlmutter JS. Task-specific dystonias: a 
review. Ann N Y Acad Sci 2008;1142:179–99. 

 

1290 
Long-term treatment of cervical dystonia with abobotulinumtoxinA 
A. Jochim, T. Meindl, T. Mantel, S. Zwirner, F. Castrop, B. Haslinger (Munich, Germany) 
Objective: To evaluate long-term efficacy and safety of the treatment of cervical dystonia (CD) with 
abobotulinumtoxinA in daily life routine in an outpatient clinic for movement disorders. 
Background: Symptomatic treatment with botulinum toxin A (BoNT-A) is the evidence based first-line therapy of 
cervical dystonia. Treatment data over a very long time are available. 
Methods: We conducted a retrospective analysis of the treatment data of all CD patients who had been treated at 
least three times consecutively with abobotulinumtoxinA in our outpatient clinic between May 1989 and December 
2016. In order to examine a representative cohort, we included not only patients with focal CD, but also patients 
with CD as part of a segmental, multifocal or generalized dystonia. For the same reason, the cohort was 
heterogeneous concerning the etiology of dystonia. 
Results: The mean observation time was 11.0 years with a maximum of 27 years. We analyzed 6660 treatment 
sessions of 209 patients. The mean dose was 663 mouse units with a moderate increase in the first years succeeded 
by a stable level over the following years. Injection intervals were quite stable from the beginning. The reported 
effect duration was longer in one´s 5th year of treatment (11.0 weeks) than in the 1st year (10.6). 
The occurrence of at least one undesired effect was reported by the patients after 15 % of all treatment sessions with 
a decrease in frequency over the years. The most frequent side effects were mild dysphagia (in 6 % of all sessions), 
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muscle weakness (2 %) and pain (2 %). 
48 % of all patients were still on treatment in our outpatient clinic in December 2016. Reasons for discontinuation of 
therapy were change to another nearby physician, age, other diseases, spontaneous improvement of symptoms, 
switch to another BoNT-A product (altogether 46 % of cases of discontinuation), side effects (6 %), primary (5 %) 
or possible secondary (16 %) treatment failure and unknown reasons (26 %). 
Extensor-digitorum-brevis-tests conducted in 5 patients did prove a secondary treatment failure in 2 patients. Both 
showed BoNT-A antibodies. 
Conclusions: Real life data on the long-term treatment of CD with abobotulinumtoxinA confirm its safety and 
efficacy. The results are helpful for counselling patients who seek treatment for their disease. 

1291 
Network localization of cervical dystonia based on causal brain lesions 
J. Joutsa, D. Corp, R. Darby, C. Delnooz, B. vande Warrenburg, D. Cooke, C. Prudente, J. Ren, M. Reich, A. Batla, 
K. Bhatia, H. Jinnah, H. Liu, M. Fox (Boston, MA, USA) 
Objective: To identify brain regions underlying cervical dystonia 
Background: Cervical dystonia is a neurological disorder characterized by sustained, involuntary movements of the 
head and neck. Most cases of cervical dystonia are idiopathic, with no obvious cause, yet some cases are acquired, 
secondary to focal brain lesions. These latter cases are valuable as they establish a causal link between 
neuroanatomy and resultant symptoms, lending insight into the brain regions causing cervical dystonia and possible 
treatment targets. However, lesions causing cervical dystonia occur in multiple different brain locations, leaving 
localization unclear. 
Methods: Here, we employ a technique termed ‘lesion network mapping’ which uses connectome data from a large 
cohort of healthy subjects (resting state fMRI, N = 1000) to test whether lesion locations causing cervical dystonia 
map to a common brain network [1]. We then test whether this network, derived from brain lesions, is abnormal in 
patients with idiopathic cervical dystonia (N = 39) versus matched controls (N = 37). Finally, we relate the findings 
with therapeutic efficacy of deep brain stimulation treatment. 
Results: A systematic literature search identified 25 cases of lesion-induced cervical dystonia. Lesion locations were 
heterogeneous, with lesions scattered throughout the cerebellum, brainstem, and basal ganglia. However, these 
heterogeneous lesion locations were all part of a single functionally connected brain network. Positive connectivity 
to the cerebellum and negative connectivity to the somatosensory cortex were specific markers for cervical dystonia 
compared to lesions causing other neurological symptoms. Connectivity with these two regions defined a single 
brain network that encompassed the heterogeneous lesion locations causing cervical dystonia. These cerebellar and 
somatosensory regions also showed abnormal connectivity in patients with idiopathic cervical dystonia. Finally, the 
most effective deep brain stimulation sites for treating dystonia were connected to these same cerebellar and 
somatosensory regions identified using lesion network mapping. 
Conclusions: These results lend insight into the causal neuroanatomical substrate of cervical dystonia, demonstrate 
convergence across idiopathic and acquired dystonia, and identify a potential network target for dystonia treatment. 
References: [1] Fox MD. Mapping Symptoms to Brain Networks with the Human Connectome. N Engl J Med 
2018; 379: 2237-2245. *Dr. Joutsa and Dr. Corp contributed equally to this work. 

1292 
Quality of life in isolated dystonia - a cross-sectional study 
J. Junker, B. Berman, D. Wahba, J. Hall, J. Perlmutter, J. Jankovic, I. Malaty, V. Brandt, S. Reich, A. Espay, N. 
Patel, E. Roze, M. Vidailhet, H. Jinnah, N. Brueggemann (Luebeck, Germany) 
Objective: To evaluate the relationship between health-related quality of life (HR-QoL) and both physical and 
psychiatric factors in a large, international, multi-centre cohort of isolated dystonia patients. 
Background: HR-QoL, which is reduced in isolated dystonia compared to population-based samples, is not only 
determined by motor but also non-motor symptoms [1]. As depression, generalized anxiety disorder (GAD) and 

This article is protected by copyright. All rights reserved.



social anxiety disorder (SAD) are highly prevalent in dystonia patients [1-6], we hypothesize that psychiatric rather 
than dystonic symptoms predict HR-QoL. 
Methods: 603 isolated dystonia patients were prospectively enrolled in the cross-sectional Natural History Dystonia 
Coalition multicenter study. HR-QoL (RAND 36-Item Health Survey), symptoms respectively severity of 
depression and GAD (Hospital Anxiety and Depression Scale, HADS) and SAD (Liebowitz Social Anxiety Scale, 
LSAS) were evaluated. Dystonia severity and dystonic tremor were examined using a standardized video protocol 
and the Burke-Fahn-Marsden Dystonia Rating Scale. Patients with botulinum toxin (BoNT) treatment were 
enrolled at least two months after their last injection. Statistical predictors of HR-QoL were obtained from a 
saturated path analysis, BoNT-associated changes of HR-QoL over one year were also evaluated using a non-
parametric analysis of variance. 
Results: Mean HR-QoL of the 603 dystonia patients (mean age: 55.6 ± 12.5 years, female n=404) was 64 ± 22%. In 
22% of patients HADS-D was > 7/21, in 37% HADS-A was > 7/21 and in 44% LSAS was > 30/144. All eight QoL 
subscales were negatively related to intensity of depression, GAD and SAD (all p ≤ .001). Dystonia severity was 
negatively associated with physical functioning, physical and emotional role functioning, and social functioning (all 
p ≤ .001), whereas presence of tremor was negatively associated with physical functioning and pain (all p ≤ .006). 
Older age was associated with better emotional well-being and vitality (all p ≤ .006). Sex was not associated with 
HR-QoL. Patients with initiated (n = 35) and without (n=37) BoNT therapy experienced an improvement of HR-
QoL (total score) and dystonia severity over one year (all p ≤ .025). 
Conclusions: HR-QoL in isolated dystonia is strongly associated with psychiatric and physical features. Standard 
therapy regimens, such as BoNT focus on motor improvements, while comprehensive care of dystonia patients 
should address both physical and mental aspects of health. 
References: 1. Slawek J, Friedman A, Potulska A, et al. Factors affecting the health-related quality of life of 
patients with cervical dystonia and the impact of botulinum toxin type A injections. Funct Neurol. 2007;22(2):95-
100. 2. Lewis L, Butler A, Jahanshahi M. Depression in focal, segmental and generalized dystonia. J Neurol. 
2008;255(11):1750-1755. 3. Gundel H, Wolf A, Xidara V, Busch R, Ceballos-Baumann AO. Social phobia in 
spasmodic torticollis. J Neurol Neurosurg Psychiatry. 2001;71(4):499-504. 4. Kuyper DJ, Parra V, Aerts S, Okun 
MS, Kluger BM. Nonmotor manifestations of dystonia: a systematic review. Mov Disord. 2011;26(7):1206-1217. 5. 
Moraru E, Schnider P, Wimmer A, et al. Relation between depression and anxiety in dystonic patients: implications 
for clinical management. Depress Anxiety. 2002;16(3):100-103. 6. Fabbrini G, Berardelli I, Moretti G, et al. 
Psychiatric disorders in adult-onset focal dystonia: a case-control study. Mov Disord. 2010;25(4):459-465. 

1293 
Predictors of quality of life in dystonia - a longitudinal study 
J. Junker, J. Hall, B. Berman, M. Vidailhet, E. Roze, I. Malaty, J. Jankovic, S. Reich, A. Espay, N. Patel, J. 
Perlmutter, H. Jinnah, V. Brandt, N. Brueggemann (Luebeck, Germany) 
Objective: To determine the impact of physical and psychiatric morbidity on health-related quality of life (HR-
QoL) in a large, international, multi-centre cohort of isolated dystonia patients over two years. 
Background: Depression, generalized anxiety disorder (GAD) and social anxiety disorder (SAD) occur frequently 
in patients with dystonia [1-6]. HR-QoL not only relates to physical but also psychological aspects of the disorder 
[1,2]. The aim of this study was to evaluate long-term predictors of HR-QoL in dystonia. 
Methods: 603 isolated dystonia patients (mean age: 55.6 ± 12.5 years, female n=404) were prospectively enrolled in 
the Dystonia Coalition study, assessed at baseline and after one and two years. HR-QoL (RAND 36-Item Health 
Survey), severity of depression and GAD (Hospital Anxiety and Depression Scale), and SAD (Liebowitz Social 
Anxiety Scale) were evaluated. Dystonia severity and dystonic tremor were examined using a standardized video 
protocol and the Burke-Fahn-Marsden Dystonia Rating Scale. Predictors of HR-QoL were obtained from eight 
cross-lagged path models (Bonferroni corrected alpha ≤ 0.006) and a latent class growth analysis (LCGA). 
Results: Higher depression scores at baseline predicted lower HR-QoL on all eight subscales after two years (all p ≤ 
.001). Higher anxiety scores at baseline predicted lower QoL related to general health, pain and emotional well-
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being, whereas higher social anxiety scores predicted higher pain-related QoL after two years (all p≤ 0.006). 
Dystonia severity at baseline predicted HR-QoL in the context of social functioning (p = 0.002). The presence of 
dystonic tremor, age and gender did not predict HR-QoL. LCGA revealed two latent classes, distinguished by the 
HR-QoL that was reported across the three time points. Class 1 (66%) reported a consistently higher level of HR-
QoL that was susceptible to depression and SAD, whereas class 2 (34%) reported a consistently lower level of HR-
QoL that was susceptible to GAD. There was no relationship between patients’ reports of quality of life in both 
classes and dystonia severity, age and gender. 
Conclusions: The most potent predictors of HR-QoL in isolated dystonia are depression followed by GAD, whereas 
dystonia motor severity only predicts social functioning. Dystonia patients with higher levels of anxiety have lower 
HR-QoL than patients with depression and SAD. To improve long-term HR-QoL in dystonia, depression and 
anxiety should be specifically targeted. 
References: 1. Slawek J, Friedman A, Potulska A, et al. Factors affecting the health-related quality of life of 
patients with cervical dystonia and the impact of botulinum toxin type A injections. Funct Neurol. 2007;22(2):95-
100. 2. Lewis L, Butler A, Jahanshahi M. Depression in focal, segmental and generalized dystonia. J Neurol. 
2008;255(11):1750-1755. 3. Gundel H, Wolf A, Xidara V, Busch R, Ceballos-Baumann AO. Social phobia in 
spasmodic torticollis. J Neurol Neurosurg Psychiatry. 2001;71(4):499-504. 4. Kuyper DJ, Parra V, Aerts S, Okun 
MS, Kluger BM. Nonmotor manifestations of dystonia: a systematic review. Mov Disord. 2011;26(7):1206-1217. 5. 
Moraru E, Schnider P, Wimmer A, et al. Relation between depression and anxiety in dystonic patients: implications 
for clinical management. Depress Anxiety. 2002;16(3):100-103. 6. Fabbrini G, Berardelli I, Moretti G, et al. 
Psychiatric disorders in adult-onset focal dystonia: a case-control study. Mov Disord. 2010;25(4):459-465. 

1294 
Depression, Anxiety and Sleep Disturbances in Patients with Craniocervical Dystonias 
Z. Khayatova, Z. Zalyalova (Kazan, Russian Federation) 
Objective: This study aimed to examine whether botulinum neurotoxin (BT) treatment affects nonmotor symptoms 
of dystonia, particularly depression (D), anxiety (A) and sleep disturbances (SD) in patients with craniocervical 
dystonias (CCD). 
Background: It is known that depression (D), anxiety (A), and sleep disturbances (SD) tend to be common in 
patients with focal forms of dystonia, being reported to affect the quality of life. 
Methods: The study comprised 28 patients with craniocervical dystonia, including 22 patients with cervical 
dystonia (CD) and 6 patients with blepharospasm (BS). Seventeeen (77.3%) of patients with CD were women, and 5 
(22.7%) were men; mean age was 39.0±12.6 years. Five (83.3%) patients with BS were women and 1 (16.7%) was a 
man with a mean age of 61,6±5,4 years. All patients were screened using the Unified Dystonia Rating Scale and CD 
patients were also assessed using the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS), Modified 
Tsui Scale for Cervical Dystonia (TSUI) and craniocervical dystonia questionnaire (CDQ-24). The evaluation of D 
and A was performed using the Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI). The presence 
of SD was evaluated by Pittsburgh Sleep Quality Index (PSQI). Patients also completed a questionnaire developed 
to learn about continuance of illness and BT treatment regularity. 
Results: Four patients (18.2%) had received a primary diagnosis of CD and 1 (16,7%) patient was primarily 
diagnosed with BS, and 18 (81.8%) patients with CD and 5 (83,3%) patients with BS had previously received BT 
injections. Nineteen (82,7%) of BTA receivers were regularly injected (more than 3 times a year). Twelve patients 
(54.6%) were diagnosed with both D and A. Nine (40,1%) of CD patients complained of SD. A correlation was 
found between BDI and TWSTRS scores (r=0,58; 16.0±10.4; 26.7±13.1), BDI scores and TSUI scores (r=0.62; 
16.0±10.4; 10.7±3.8) and also CDQ-24 scores and TSUI scores (0,61; 72.4±26.0; 10.7±3.8). Three (50.0%) patients 
with BS had В and A and 2(33.3%) of those had SD. 
Conclusions: D, A, and SD are common in patients with CD. These conditions should be considered among 
primarily diagnosed patients and regular BTA receivers. More studies with bogger samples are needed to be 
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conducted in order to acquire information about the influence of regular BTA injections on D, A, and SD among 
patients with CCD. 

1295 
Transcranial neuromodulation of the Frontal Eye Fields: targeting Temporal Discrimination Thresholds 
(TDT) in Adult Onset Primary Torsion Dystonia (AOPTD) 
O. Killian, I. Ndukwe, S. Narasimham, S. O'Riordan, M. Hutchinson, R. Reilly (Dublin, Ireland) 
Objective: We aim to further characterise the sensory processing abnormalities previously observed in AOPTD 
using a novel transcranial Direct Current Stimulation (tDCS) protocol. 
Background: AOPTD, the most common form of primary dystonia, is a movement disorder with autosomal 
dominant inheritance and a reduced penetrance. Abnormal temporal discrimination has been demonstrated in 
AOPTD patients [1]. It is thought that a prolonged TDT indicates disordered subcortical mechanisms for covert 
attentional orienting at the level of the superior colliculus. This is supported by evidence of reduced collicular 
activation on fMRI during an activating task among patients and relatives with an abnormal TDT [2]. 
tDCS is a non-invasive modality for focally and transiently modulating cortical activity. Previous research has 
demonstrated that tDCS of the Frontal Eye Field (FEF) can modulate attentional orienting and sensory processing 
via the superior colliculus [3]. 
Methods: A protocol for tDCS of the left FEF was developed with reference to the existing literature [3]. A current 
stimulator (Starstim, Neuroelectrics) was used to deliver the tDCS. Anodal stimulation was administered to the left 
FEF, targeted using F3 of the international 10-20 system. A 4-electrode array for return current was placed 
circumferentially. Stimulation parameters were optimised using the results from a cohort of healthy control 
volunteers. A visual TDT task comprising paired flashing lights, previously described [1], was used to measure 
TDT. This task was performed at baseline, during, and after tDCS stimulation. 
Results: Results from four control subjects allowed for optimisation of the stimulation protocol which will be used 
to compare TDT scores with and without stimulation in an AOPTD cohort. The pilot data collected aligns with our 
hypothesis. 
Conclusions: The optimised protocol for FEF stimulation allows transient modulation of cortical activity and thus 
provides an opportunity to directly influence attentional orienting at a cortical level and measure the effects on 
Temporal Discrimination. 
References: 1. Bradley D, Whelan R, Kimmich O, et al. Temporal discrimination thresholds in adult-onset primary 
torsion dystonia: an analysis by task type and by dystonia phenotype. J Neurol. 2011;259(1):77-82. 2. Mc Govern, 
E. M., Killian, O., Narasimham, S., Quinlivan, B., Butler, J. B., Beck, R., Hutchinson, M. (2017). Disrupted superior 
collicular activity may reveal cervical dystonia disease pathomechanisms. Scientific Reports, 7(1), 16753. 3. Kanai 
R, Muggleton N, Walsh V. Transcranial Direct Current Stimulation of the Frontal Eye Fields during Pro- and 
Antisaccade Tasks. Front Psychiatry. 2012;3:45. 

1296 
Objective evaluation criteria for diagnosis of spasmodic dysphonia 
K. Kleim, K. Simonyan, T. Ball (Freiburg, Germany) 
Objective: Development of objective criteria for standardized diagnosis of spasmodic dysphonia (SD) and 
distinction between its adductor and abductor phenotypes. 
Background: SD is a task-specific focal dystonia causing involuntary spasms in the laryngeal muscles and affecting 
speech production. Depending on the laryngeal muscle affected, adductor (ADSD) and abductor (ABSD) 
phenotypes lead to either strained and strangled or breathy quality of voice, with characteristic voice breaks on 
vowels and voiceless consonants, respectively. Due to the absence of diagnostic biomarkers, SD is often 
misdiagnosed, with patients receiving the accurate diagnosis on average 5.5 years after the first symptom onset. 
Methods: Audio recordings of voice samples of 52 ABSD or ADSD patients (range 25-78 years, 37 females, 14 
males) were analysed for diagnostic classification based on their severity and phenotype. The severity degree was 
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extracted using the mean confidence of pitch estimation. To distinguish between SD phenotypes, the pitch stability 
during the /h/ phase of symptomatic /ihi/ syllable was examined using standard deviation of the pitch and its 
confidence of estimation, as well as the location of instabilities during the /h/ phase. 
Results: The severity degree determined by the mean confidence of pitch estimation showed a spearman correlation 
of -0.4, (p-value = 0.003) with the severity rated by perceptual analysis of voice samples.  The classification 
between ABSD and ADSD became apparent, where the abductor type was generally unstable in pitch or decreasing 
confidence indicated beginning instabilities, while the adductor type was either overall stable or showed instabilities 
only at the start of voicing, in 92% of the observed /ihi/ syllables. 
Conclusions: The extraction of severity degree based on the mean confidence of pitch estimation is a promising step 
toward an objective marker of SD diagnosis. The definition of objective distinction criteria between the two SD 
phenotypes may be achieved using a specified for vowel - /h/- vowel combinations. These findings outline a 
scientific rationale for the development of a clinically useful discriminatory tool for objective diagnosis of SD. 
References: [1] Mor, N., Simonyan, K., & Blitzer, A. (2018). Central voice production and pathophysiology of 
spasmodic dysphonia. Laryngoscope, 128(1). [2] Creighton, F. X., Hapner, E., Klein, A., Rosen, A., Jinnah, H. A., 
& Johns, M. M. (2015). Diagnostic Delays in Spasmodic Dysphonia: A Call for Clinician Education. Journal of 
Voice : Official Journal of the Voice Foundation, 29(5), 592–594. 

1297 
Automated analysis of neck muscle ultrasound can distinguish cervical dystonia from healthy controls 
C. Kobylecki, R. Cunningham, A. Siddique, M. Sánchez, M. Edwards, M. Silverdale, I. Loram (Manchester, United 
Kingdom) 
Objective:  
Identify patterns of changes in neck muscle configuration in cervical dystonia using automated analysis of 
ultrasound data. 
Background:  
Ultrasound is a promising tool in the assessment and management of cervical dystonia. We have previously shown 
that automated identification of neck muscle boundaries using ultrasound is possible in healthy control participants 
[1], and developed a method for machine-learning based segmentation in people with cervical dystonia [2].  
Methods: We studied 35 patients with idiopathic cervical dystonia (mean age 61±10 years) and 26 healthy controls 
(mean age 59±14 years). All participants underwent real-time ultrasound imaging of the posterior neck muscles. 
Following automated segmentation of the neck muscles using machine learning, a principal components analysis of 
changes in muscle shape and configuration was performed. 
Results: Principal components analysis of the segmented ultrasound data showed significant differences between 
participants with dystonia and healthy controls when comparing the first two eigenvalues (P<0.0001). Two distinct 
clusters of muscle shape in people with dystonia were evident on the analysis, compared to healthy controls. 
Conclusions:  
Automated analysis of muscle shape from real-time ultrasound data provides useful diagnostic information which 
can differentiate cervical dystonia from healthy controls. 
References: 1. Cunningham RJ, Harding PJ, Loram ID. Real-time ultrasound segmentation, analysis and 
visualization of deep cervical muscle structure. IEEE Trans Med Imaging 2017;36:653-665. 2. Siddique AB, 
Cunningham RJ, Silverdale MA, Harding PJ, Loram ID, Kobylecki C. Mov Disord 2018;33 suppl 2: 322. 

1298 
Interleaving stimulation mode can improve better the health-related quality of life in primary generalized or 
segmental dystonia than standard bilateral pallidal deep brain stimulation 
N. Kovács, A. Juhasz, D. Pintér, M. Harmat, I. Balás, J. Janszky (Pécs, Hungary) 
Objective: To compare the efficacy of standard and interleaving stimulation modes in the bilateral pallidal 
stimulation treatment of generalized and segmental primary dystonia. 
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Background: For the treatment of drug-refractory dystonia, bilateral pallidal deep brain stimulation (GPi-DBS) is 
proven to be an efficient option.However, a considerable portion (10-25%) of patients experience minimal 
alleviation despite good electrode placement. These patients can be regarded as non-responders to GPi-DBS. The 
interleaving stimulation mode (ILSM) could improve dystonia in patients not responding to standard stimulation 
techniques. 
Methods: In this prospective, randomized, double-blind and cross-over study, 34 patients with primary generalized 
or segmental dystonia were enrolled at the University of Pécs Medical School, Hungary, between 2013-2017. 
Patients underwent four visits: (1) preoperative, (2) prestimulation (4 weeks after electrode implantation BUT before 
turning on the stimulation), (3) 3 months and (4) 6 months stimulation. Based on electrode location, the best two 
contacts were activated with submaximal amplitude, 120 µs, and 130 Hz. Patients were randomly assigned to either 
DMSM->ILSM or ILSM ->DMSM sequence. Changes in Burke-Fahn-Marsden DRS, health-related quality of life 
(SF-36) and side-effects were compared. 
Results: Thirty patients completed the study protocol.  A linear mixed model analysis was used to compare the 
efficacy of the two stimulation modes. The dystonia severity (DRS) significantly improved from the preoperative 33 
points (median) to 10 points (median) after 6 months of stimulation (p=0.001). There was a trend that ILSM was 
more efficient (p=0.094). The number of responders was tendentiously higher during the ILSM than in the DMSM 
(Chi-square test, p=0.052). The SF-36 improved significantly from the preoperative 49 (median) to 74 (median) 
after 6 months stimulation (p=0.001). The ILSM was superior to the DMSM (p=0.010). 
Conclusions: Although the interleaving stimulation was only tendentiously better at reducing dystonia severity, it 
was associated with better health-related quality of life postoperatively. Furthermore, interleaving stimulation was 
not associated with more frequent stimulation-related side-effects than the conventional stimulation. 
References: Kovacs N et al. CHANGING TO INTERLEAVING STIMULATION MIGHT IMPROVE 
DYSTONIA IN CASES NON-RESPONDING TO PALLIDAL STIMULATION. Mov Disord 2012;27(1):163-165. 

1299 
The ultrasound image of the nuclei raphes changes in the group of depressed patients with cervical dystonia 
and blepharospasm 
A.K. Krzak-Kubica, J.G. Gawryluk, M.D. Doręgowska, K.P. Plinta, M.R. Rudzińska-Bar (Katowice, Poland) 
Objective: The ultrasound image of the nuclei raphes changes in the group of depressed patients with cervical 
dystonia and blepharospasm 
Background: Nuclei raphe - a group of 9 pairs of cells in the brainstem, contain the largest amounts of 
serotoninergic neurons. Dysfunctions of the serotoninergic system are the cause of pathological processes, which in 
turn are the fundamental basis of mental illness as depression. 
Methods: The study included 76 patients were aged 22-83 years (mean 52.56), with disease duration 9.3 years (SD 
8.63) with cervical dystonia (CD),and 76 patient with blepharospasm (BPS) age 28-87 years (SD 10.43). The nuclei 
raphe (RN) were localized in the transverse plane of the midbrain with a length extending from anterior to posterior, 
and not interrupted. Hypoechoegenic RN were determined when their echogenicity was reduced compared to the 
structures surrounding the midbrain or in the absence of anatomical continuity of the raphe nucleus. Depressive 
disorders were assessed according to Beck scale and in the MADRS scale. 
Results: Depressive disorders were present in 36 patients in the total of 72 patients and 40 patients in 94 patients 
with BPS. An abnormal ultrasound image of RN occurred in 26 people with CD (34.21%) and 27 patients (28.72%) 
with BPS.A statistically significant correlation was obtained between the ultrasound image of RN and the scale of 
depressive disorders (both CD and BPS group). The ratio of the chance of an abnormal RN ultrasound image for 
patients with CD and accompanying depressive disorders determined using the Beck scale in relation to CD patients 
without depression is 2.5 times higher.The chance of a pathological image of RN in USG in patients with BPS and 
concurrent depression determined using the Beck scale in relation to patients with BPS without depression  it is over 
8 times higher, while the MADRS scale is more than 7 times higher, and the probability of pathological RN in 
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patients with BPS and concomitant depression compared to patients with BPS without depression is almost 5 times 
higher using the Beck scale  and the MADRS scale. 
Conclusions: In the group of patients with CD and comorbid pathological image of RN the severity of depressive 
disorders was significantly higher than in the group of patients with BPS, who also showed a pathological image of 
RN (p <0.01). 

1300 
Genotype-phenotype relations for the isolated Dystonia Genes TOR1A, THAP1, GNAL, ANO3, KMT2B, 
PRKRA and HPCA: MDSGene Systematic Review 
L.M. Lange, J. Junker, S. Loens, L. Olschewski, S. Schaake, S. Petkovic, M. Kasten, A. Westenberger, A. Domingo, 
A. Madoev, I. König, C. Marras, K.P. Bhatia, S. Camargos, C. Klein, K. Lohmann (Lübeck, Germany) 
Objective: To systematically review genotypes and phenotypes of monogenic isolated dystonia. 
Background: The Movement Disorder Society Genetic mutation database (MDSGene at www.mdsgene.org) 
provides an overview on published genetic and phenotypic data including demographic and clinical information on 
movement disorder patients carrying causative gene mutations. 
Methods: Our systematic literature screen using PubMed identified >200 articles reporting at least one mutation-
carrying individual with a diagnosis of dystonia and providing genetic and clinical information. Digenic variants or 
those with a minor allele frequency >1% (based on gnomAD or respective publications) were excluded. We 
extracted data for a total of 1,115 dystonia patients carrying 214 genetic variants in the following genes: TOR1A, 
THAP1, GNAL, ANO3, KMT2B, PRKRA and HPCA. 
Results: Comparing phenotypes across all genes, there were differences regarding AAO, site of onset and 
distribution of dystonia. While carriers of HPCA, KMT2B, PRKRA, TOR1A and THAP1 variants mostly show 
childhood or adolescence onset, patients with GNAL and ANO3 mutations often develop first symptoms in 
adulthood (21 and older). DYT-HPCA has the youngest median AAO (5 years) and DYT-GNAL the oldest (38 
years). Regarding site of onset, KMT2B, ANO3 and GNAL mutation carriers seem to have one predominant site of 
onset, i.e. the lower limbs in KMT2B and cervical in GNAL and ANO3 mutation carriers, respectively. Site of onset 
in DYT-TOR1A, DYT-THAP1, DYT-HPCA and DYT(/PARK)-PRKRA is broader. However, DYT-THAP1 
mostly first manifests in the upper body half (upper limb, neck and craniofacial/ laryngeal), whereas onset in DYT-
TOR1A, DYT(/PARK)-PRKRA and DYT-HPCA is frequently in an extremity, including both upper and lower 
ones. For ANO3, a segmental/multifocal distribution is typical, whereas KMT2B, TOR1A, HPCA and PRKRA 
mutation carriers commonly show a generalized type of dystonia. Interestingly, DYT-THAP1 presents with focal, 
segmental/multifocal, or generalized distribution at almost equal proportions. For GNAL, a focal or 
segmental/multifocal type of dystonia is common; they rarely show generalization. 
Conclusions: Our review provides a comprehensive overview of the current knowledge of hereditary isolated 
dystonia. The MDSGene database is a useful tool to review genotype-phenotype data and to assist clinical diagnosis 
and genetic counseling. 

1301 
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1302 
Bilateral Globus pallidus interna Deep Brain Stimulation in Cranio-Cervical Dystonia (Meige syndrome) 
patient in Hong Kong 
C. Lau, C. Zhu, D. Chan, K. Ma, L. Au, A. Chan, R. Wong, J. Yeung, W. Poon, V. Mok (Hong Kong, Hong Kong) 
Objective: To report the first cranio- cervical dystonia (Meige syndrome) patient who received Deep Brain 
Stimulation (DBS) implant in Hong Kong. 
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Background: Meige syndrome is an idiopathic dystonia that involves craniofacial and often cervical muscles. It 
manifests as bleharospasm and oromandibuar dystonia. Botulinum toxin injection is the standard treatment, but its 
effect is transient and repeated injection is required. Deep brain stimulation (DBS) of the globus pallidus internus 
(GPi) is a treatment option for dystonia. The mean improvement of Burke – Fahn – Marsden dystonia rating – motor 
(BFMDRS- M) in a recent review is 66.9% with bilateral GPi DBS for Meige syndrome. Most of the reports are 
single or small series.1 
Methods: A 53 year-old lady, suffered from insidious onset of blepharospasm and oromandibular dystonia since 
2011. All investigations were unremakable. She had functional blindness secondary to blepharospasm that required 
wearing special eyeglasses with eyelid retractor for daily living. She received botulinum toxin injection without 
much improvement in dystonia control. Her BFMDRS- M total score was 14 with a score of 8 for the eye- part, in 
the preoperative workup. She agreed and was scheduled for GPi DBS surgery at end of 2017 after detailed 
discussion with patient and her family. 
Results: Programming of DBS started one week after surgery. At the first 2 months after surgery, there was no 
significant improvement in blepharospasm and oromandibular dystonia. At 3 month, by using high voltage with 
double monopolar parameter of GPi, patient ‘s oromandibular dystonia had 30 % improvement but blepharospasm 
remained the same. Further, patient ‘s blehparospasm symptom had 20 % improvement at 4 month after surgery. At 
6 month after surgery, she obtained 57% improvement in BFMDRS. She does not require wearing special eyeglass 
with eyelid retractor for daily living. She only reported having occasional blepharospasm after prolonged 
conversation and when using phone. 
Conclusions: Our case showed that bilateral GPi DBS for Meige syndrome is safe and effective. The improvement 
was similar to the literature. The case report contributes to the literature of GPi DBS for Meige syndrome. 
References: Wang X, Chao Zhang C, Wang Y, et al, Deep Brain Stimulation for Craniocervical Dystonia (Meige 
Syndrome): A Report of Four Patients and a Literature-Based Analysis of Its Treatment Effects. Neuromodulation 
2016; 19: 818-823 

1303 
A novel heterozygous ANO3 mutation responsible for myoclonus-dystonia 
C. Laurencin, E. Broussolle, T. Danaila, M. Anheim, J. Chelly, S. Thobois (LYON, France) 
Objective: We present a family carrying ANO3 mutation and exhibiting a myoclonus-dystonia and tremor 
phenotype. 
Background: Mutations of Anoctamine 3 gene (ANO3) are a rare cause of dystonia which have first been described 
in families with tremulous craniocervical dystonia. 
Methods: Our family is composed of 4 affected members, as described in the family tree (Fig.1). 
Results: Patient III.1. developed walking difficulties when 12 years-old because of a left leg dystonia with 
myoclonus. He also exhibited a mild dystonia of the left arm and a slight facial dystonia with blepharospasm. The 
evolution was slow and he could still walk, albeit with help, when 60 years-old. He died at 65 years old from 
unknown cause. 
Patient III.3. developed bilateral postural arm tremor at the age of 16. This tremor also concerned the head. She was 
diagnosed as essential tremor. Then, 20 years later, she progressively developed walking difficulties with axial 
dystonia and generalized bradykinesia. 
Patient IV.5 developed a left leg dystonia and walking difficulties when 12 years-old. Then, during the next 10 
years, the dystonia generalized with a prominent axial presentation. She also developed generalized 
myoclonus.  Only zonisamide was partially effective on myoclonus. Finally, she underwent pallidal deep brain 
stimulation (DBS) at 33 years of age with a good improvement of myoclonus. 
None of the patients were exposed to neuroleptics or had a neonatal anoxia. Genetic test for DYT1, 11 and 6 were 
negative. Brain MRI and [123 I]-FP-β-CIT SPECT imaging were normal. 
Genetic analysis was then performed from a panel of 127 genes responsible for movement disorders. Targeted high-
coverage sequencing was applied to DNA samples taken from these patients. ANO3 gene mutation c.1820T>C was 
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found in patients III.3 and IV.5. The asymptomatic brother of patient IV.5, subject IV.4 was tested and did not carry 
the mutation, which supports the pathogenicity of this novel ANO3 mutation. 
Conclusions: We report a new ANO3 mutation responsible initially of young-onset lower limb dystonia or arm 
tremor. Then, the clinical presentation slowly worsens and leads to a generalized dystonia combined with tremor 
and/or myoclonus. Interestingly there is, within this family a significant phenotypic variability.  Furthermore, GPi 
deep brain stimulation was be partially effective in one patient of this series. 

 

1304 
Pediatric Deep Brain Stimulation in Secondary Dystonia using Stereotactic Depth Electrode Targeting 
M. Liker, T. Sanger (Los Angeles, CA, USA) 
Objective: The primary objective of our pediatric clinical research is to improve outcomes after deep brain 
stimulation for pediatric patients with secondary dystonia. We apply a novel technique using stereotactic depth 
electrode placement and EMU observation to identify optimal targets. 
Background: Deep brain stimulation for secondary dystonia has not achieved the level of efficacy exhibited in DBS 
therapies for primary dystonia. This may be in part due to differences in injury patterns, potential for plasticity and 
availability of neuronal tissue for stimulation. Identifying the potential targets for DBS in this heterogeneous group 
of secondary dystonia patients provides improved outcomes. We present an update of our unique experience with 
multiple electrodes implanted in basal ganglia targets followed by inpatient neuromodulation unit (NMU) 
monitoring to identify permanent DBS targets for our quadri-electrode therapy. 
Methods: A total of 22 atypical secondary dystonia patients,16 of whom underwent stereotactic placement of depth 
electrodes in the basal ganglia followed by NMU observation and testing are presented with over 6 months of 
postoperative follow-up. As many as 10 depth electrodes (5 per hemisphere) were placed in basal ganglia 
targets.  During the NMU observation, patients underwent awake stimulation testing and local field potential, 
evoked potential, and electroencephalographic recording in order to assess best target location for permanent leads. 
Results: All patients underwent GPi lead placement in addition to 11 ventralis oralis nucleus leads, 7 ventral 
intermediate nucleus leads, and three who underwent leads in other thalamic targets (Figure 2). One patient 
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underwent unilateral placement due to hemidystonia. In total, 17 (81%) patients improved their Burke-Fahn-
Marsden Dystonia score with an average improvement of 30% (Figure 3). 
Conclusions: The implantation of four electrodes including thalamic leads may benefit patients with secondary 
dystonia. The use of NMU testing to identify GPi and thalamic targets for DBS therapy in the context of highly 
heterogeneous brain insult such as secondary dystonia has been used successfully in our center. 
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1305 
GPi DBS does not affect sensory thresholds in hereditary/idiopathic dystonia 
C. Listik, R. Gisbert Cury, V. da Silva, S. Carvalho Barbosa Casagrande, E. Listik, N. Link, R. Galhardoni, E. Reis 
Barbosa, M. Jacobsen Teixeira, D. de Andrade (Sao Paulo, Brazil) 
Objective: Despite the widespread use of DBS for dystonia, little is known about its effects on non-motor 
symptoms such as dystonia-related pain. Here we provide a double-blind randomized report on the effects of deep 
brain stimulation (DBS) of the internal globus pallidus (GPi) on sensory thresholds in patients with inherited or 
idiopathic dystonia. 
Background: Dystonia is defined by its motor manifestations (ie, sustained or intermittent muscle contractions 
which lead to abnormal movements and/or postures), however, non-motor dystonic symptoms are frequent and 
impinge significant loss of quality of life in dystonia sufferers. Pain ranks among the most prominent non-motor 
symptoms in dystonia. To date, the effects of dystonia treatment, be it pharmacological or neuromodulatory, remain 
poorly characterized. 
Methods: Sixteen patients with hereditary/idiopathic dystonia under long-term GPi-DBS (segmental n=2; 
generalized n=14) underwent quantitative sensory testing (QST) in both on and off conditions in a randomized 
double-blinded design. In all patients, significant dystonia was present at the trapezium. Sensory assessments were 
performed on the thenar eminence of the least symptomatic (dystonic) hand and on the worst dystonic trapezium. 
Cold, warm and mechanical detection and pain thresholds were determined, as well as pain intensity to experimental 
pain (to warm, cold and mechanical suprathreshold stimuli). Data obtained in the ON versus OFF DBS status were 
analyzed for both QST sites. 
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Results: Patients scored 48 ± 21.09 and 10 ± 5.03 on motor and disability parts of the Burke–Fahn–Marsden 
Dystonia Rating Scale, respectively. After correction for multiple analysis, we found no significant changes in 
sensory thresholds between the on and off conditions (table 1). 
Conclusions: Different from Parkinson disease, where STN-DBS has a clear effect (anti-allodynic and 
antihyperalgesic) on sensory thresholds in the ON versus OFF DBS conditions, GPi DBS had no effect on sensory 
perception in dystonic patients. This information may shed light into the mechanisms of action of DBS in dystonia 
and provide insights into the treatment of dystonia related-pain. 

 

1306 
Combined Botulinum Toxin and Gpi DBS therapy in intractable cervical dystonia 
A.M. Macerollo, B.H. Hammersley, M.E. Esposito, J.S. Somerset, R.E. Ellis, M.B. Bonello, J.P. Panicker, D.D. 
Damodoran, J. Farah, P.E. Eldridge, S.A. Alusi (Liverpool, United Kingdom) 
Objective: To test whether the reintroduction of Botulinum Toxin Injections (BTI) after Globus pallidus interna 
Deep Brain Stimulation (Gpi-DBS) for intractable cervical dystonia synergistically improves outcome. 
Background: It is well established that Gpi DBS is an effective treatment for CD that is medically refractive to BTI. 
However, a proportion of patients will continue to struggle with pain and disabling dystonia. Currently there are no 
available treatment options for this group of patients. It is not known whether the reintroduction of BTI after DBS 
would be effective. 
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Methods: We assessed the outcome of combined therapy in 14 patients with cervical dystonia recruited from two 
Neurology Centres (The Walton Centre [Liverpool, UK] and the Federico II University of Naples [Naples, Italy]. 
All patients underwent Gpi stimulation after being unresponsive to BTI. Because of persistence of pain and dystonia 
symptoms despite at least 2 years of stimulation, they were treated again with BTI. Patients were assessed by the 
Toronto Western Spasmodic Torticollis Rating Scale – severity (TWSTRS) at baseline, six months postoperatively 
and annually thereafter. 
Results: Our CD patients showed an average improvement of 60 % on the TWSTRS after GPi-DBS + BTI 
compared to BTI therapy itself and of 75% on the TWISTR after GPi-DBS itself. Moreover, the amount of BT units 
used in the combined therapy was reduced of the 58%. 
Conclusions: Our preliminary data suggest a promising, possibly synergistic effect of BTI and Gpi-DBS when 
individual therapies fail in patients with intractable cervical dystonia patients. There are currently no established 
guidelines in this area. These finding need further exploration with larger, ideally muti-centre studies. 

1307 
Two Patients with Dopamine Transporter Deficiency Treated with Deep Brain Stimulation 
J. MacLean, D. Ferman, T. Sanger, A. Tongol (Los Angeles, CA, USA) 
Objective: Dopamine transporter deficiency syndrome (DTDS,) a rare disease characterized by infantile –onset 
progressive dystonia, has no established treatment guidelines.  Treatment is generally predicated on dystonia 
management, and most have been unresponsive to utilization of dopamine. Here we report 2 cases of DTDS treated 
with pharmacotherapy, botulinum toxin, and deep brain stimulation (DBS.) 
Background: Both patients were noted to have generalized dystonia without spasticity as infants, with negative 
MRIs and unrevealing initial laboratory work-up.  Both were noted to have elevated homovanillic acid (HVA) in 
cerebrospinal fluid (MNG Laboratories) leading to their genetic evaluation and confirmed diagnosis (Kurian et al., 
2009).  Patient A is a 13 year-old female, with parental consanguinity, with homozygous missense change in 
SLC6A3.  Patient B is a 14-year-old female without consanguinity and no significant neurologic family history, with 
spontaneous compound heterozygous mutations in SLC6A3. 
Methods: Two case reports. 
Results: Subjective improvement in dyskinetic movements and irritability were appreciated by both 
families.  Treatment with levodopa and tetrabenazine yielded motor improvement in both patients. With continued 
progression of disease, both patients proceeded with DBS surgery. Patient A underwent DBS surgery in June 2015 
with bilateral leads in the internal globus pallidus (GPi). Improvement of dystonia was seen.  Patient B underwent 
DBS surgery in February 2016 with bilateral leads placed in the GPi and ventral lateral (VLa) thalamus. 
Improvement of dystonia and resolution of tremulous movements was seen with DBS. 
Conclusions: These two case reports suggest that DBS may prolong the life and improve the quality of life of 
children with DTDS, and the hyperkinetic movement seen in DTDS patients may be much improved with thalamic 
stimulation.  To our knowledge there have not been any other children with DTDS implanted with DBS.  These two 
cases demonstrate the importance of exploring avenues for treatment of symptoms in diseases we have yet to cure. 
References: Kurian MA, Zhen J, Cheng SY, Li Y, Mordekar SR, Jardine P, Morgan NV, Meyer E, Tee L, Pasha S, 
Wassmer E, Heales SJ, Gissen P, Reith ME, Maher ER. Homozygous loss-of-function mutations in the gene 
encoding the dopamine transporter are associated with infantile parkinsonism-dystonia. J Clin Invest. 
2009;119:1595–603. Ng J, Zhen J, Meyer E, Erreger K, Li Y, Kakar N, Ahmad J, Thiele H, Kubisch C, Rider NL, 
Morton DH, Strauss KA, Puffenberger EG, D'Agnano D, Anikster Y, Carducci C, Hyland K, Rotstein M, Leuzzi V, 
Borck G, Reith ME, Kurian MA. Dopamine transporter deficiency syndrome: phenotypic spectrum from infancy to 
adulthood. Brain. 2014a;137:1107–19. 
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The effect of Kinesio Taping therapy on Cervical Dystonia 
J. Magalhães, A. Rosso, F. Rezende (Rio de Janeiro, Brazil) 
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Objective: To test the efficacy of kinesio taping treatment   as an adjunct therapy to botulinum toxin in the 
treatment of cervical dystonia. 
Background: Botulinum toxin type A (TB-A) has been used as a useful drug to treat involuntary movements, 
specially with focal dystonias. Where it is the first choice therapy. Allied health therapies can potentiate and 
improve patient care. The kinesio taping therapy was developed by Kenzo Kase in Japan in 1973. The tape can be 
used for correction of muscle function by strengthening weak muscles; to provide skin stimulus that facilitates or 
limits movement; to aid in reducing edema by directing exudates towards the lymphatic duct and lymph nodes; to 
correct joint positioning by attenuating muscle spasms; and to reduce pain through neural pathways. 
Methods: Patients with idiopathic cervical dystonia treated with TB-A regularly were selected and were divided in 
two groups: Therapeutic group (TG) and Sham group (SG). The patients in the TG received the kinesio taping 
treatment obeying the standards required by the technique and according to the biomechanical evaluation of 
activated muscles. The SG received random kinesio taping therapy without the use of the indicated tape tensions and 
appropriate muscle directions. The treatment with tapes lasted throughout the period of action of TB-A, being 
applied once a week. It was used four scales to evaluate the patients: Toronto Western Spasmodic Torticollis Rating 
Scale; Craniocervical Dystonia Questionnaire (CDQ-24); Brazilian version of the Quality of Life Questionnaire(SF-
36); Visual Analog Pain Scale(VAS). 
Results: Eleven patients remained throughout the treatment ( 7 in the TG and 4 in the SG). The mean length of stay 
with the tape was 3 days. All TG patients reported pain in  the evaluations, but while the tape was present they 
described pain relief and improved muscle support at their daily life activities. On the other hand, All SG patients 
reported feeling no difference from the time the tape was applied until the time of weekly evaluation. 
Conclusions: Based on the data, it can be seen that the KinesioTaping treatment can be an effective adjunct in the 
treatment of cervical dystonia, when applied according to the technique, with TB-A. 
References: [1] ARTIOLI, Derrick; BERTOLINI, Gladson. KinesioTaping: Application and its results on pain: 
systematic review. Fisioter. 2014 [2] CAMARGO C, Teive H, Becker N, Munhoz R, Werneck L. Botulinum toxin 
type A and cervical dystonia A seven-year follow-up. ArqNeuropsiquiatr 2011; 69(5):745-750 [3] SILVA, Delson 
José; FEN, Chien Hsin, DELLA COLETTA, Marcus Vinicius. Movement Disorders Diagnosis and Treatment 2 ed. 
Editora e Eventos Omnifarma. São Paulo, 2016 
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Altered sensory processing in somatosensory and auditory domains in laryngeal dystonia 
T. Mantel, C. Dresel, M. Welte, C. Zimmer, B. Haslinger (Munich, Germany) 
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Objective: To delineate correlates of altered sensory processing in laryngeal dystonia (LD) in both presence and 
absence of somatosensory input and their modulation by botulinum toxin. 
Background: Abnormal sensory processing is implicated in dystonia pathophysiology, but has within the larynx 
area yet only been seen in the vocalization task setting[1]. Further, assessment of its role in relation to auditory 
sensory processing, an important component in the phonation loop, cannot easily be modelled during task. While 
botulinum toxin improves symptoms, its effect on the sensory systems in LD has not yet been delineated. 
Methods: 14/15 adductor-type LD patients/healthy controls where compared undergoing tactile-stimulation of face 
and hand areas and hypothesis-driven evaluations of sensorimotor/auditory resting-state long- and short-range 
connectivity using independent component and regional homogeneity analysis. Patients were investigated before and 
additionally 4-6 weeks after botulinum toxin treatment. 
Results: LD patients showed increased primary and higher-order somatosensory cortex activity involving both face 
and hand representations during tactile stimulation. Long-range resting state functional-connectivity was altered in 
the supplementary/premotor cortex in the sensorimotor network and auditory cortex in the auditory network. Altered 
short-range functional connectivity was seen in the temporo-parietal junction. While the spatial pattern of 
connectivity/activity changes persisted as trend after botulinum toxin injection in sensorimotor cortices, this was not 
the case for primary auditory cortex connectivity changes. 
Conclusions: Task-related abnormal sensory processing in the disease affects both somatosensory and auditory 
domains. The pattern of functional connectivity changes hints at an altered integration of somatosensory with 
auditory information. While botulinum toxin relieves symptoms, it does not seem to modulate the underlying 
cortical sensorimotor system dysfunction in the disease. 
References: [1] Simonyan K., Ludlow CL. Abnormal Activation of the Primary Somatosensory Cortex in 
Spasmodic Dysphonia: An fMRI Study, Cerebral Cortex, Volume 20, Issue 11, 1 November 2010, Pages 2749–2759 

1310 
Defective human motion perception in cervical dystonia correlates with coexisting tremor 
D. Martino, E. Pelosin, G. Abbruzzese, L. Avanzino (Calgary, AB, Canada) 
Objective: To evaluate whether perceptual encoding of body motion in cervical dystonia (CD) is associated with 
co-existing tremor. 
Background: Patients with focal CD or hand dystonia exhibit greater absolute timing error, than healthy subjects 
(HS) when predicting the temporal outcome of a human body movement. This ability is impaired in HS by 
inhibitory modulation of the cerebellar hemisphere, suggesting the implication of a cerebellum-based internal feed-
forward mechanism. Tremor in CD is associated with defective conditioning of the eyeblink reflex or motor 
adaptation, forms of motor learning that rely on cerebellar processing. 
Methods: We enrolled 15 treatment-free patients with focal CD, aged 56.2±13.9 years (7 with tremor and 8 
without) and 15 age-matched HS. Our experimental paradigm required the visual perception on a computer screen of 
two videos, one showing a right hand writing a sentence (target task) and another showing a ball reaching a target 
(control task). After 6, 9 or 12 seconds from the onset, videos were darkened. Subjects indicated when the perceived 
movement reached its end using a keyboard. The ability to predict the temporal outcome of motion was assessed by 
the absolute timing error ([(Reproduced Interval–Dark Interval)/Dark Interval]*100) and was analysed with a 
repeated measures-ANOVA with the factors GROUP (CD with and without tremor and HS), TASK, and DARK 
INTERVAL. 
Results: We detected a trend for a significant effect of the GROUP*TASK interaction term (F2,27=3.23; p=0.055). 
Post hoc analyses showed greater absolute timing error at all dark intervals on the target compared to the control 
task only in CD patients with tremor (p= 0.024): in the target task, CD patients with tremor were less accurate than 
HS (p=0.003), in the absence of any significant difference between CD patients without tremor and HS (p= 0.23), 
and with a trend towards greater absolute timing error in CD patients with tremor compared to CD patients without 
tremor (p=0.07). 
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Conclusions: Our finding represents additional evidence supporting an association between tremor in idiopathic 
dystonia and cerebellum-dependent sensorimotor control. The characteristics of our temporal prediction task are also 
in keeping with the recent observation of dysfunctional visual perception of natural motion in dystonia, a network-
based domain influenced by cerebellar connectivity. 

1311 
Domain-specific impact of mood/anxiety disorders on quality of life in idiopathic dystonia 
D. Martino, Y. Jasaui, J. Sarna, S. Furtado, S. Patten, T. Pringsheim (Calgary, AB, Canada) 
Objective: To evaluate the relationship between mood/anxiety disorder severity and quality of life (QoL) domains 
in adult-onset idiopathic dystonia (AOID). 
Background: Depression and anxiety exert a major influence on QoL in cervical and cranial forms of AOID, 
alongside social embarrassment, decreased self-esteem and social interaction, and visual restriction. Despite the 
complexity of the QoL construct, there is insufficient evidence on the domain-specific impact of these comorbidities 
in this population. 
Methods: Sixty-five patients with cranio-cervical AOID (age 58.7±10.8 years, 51 females) were enrolled. We used 
the Structured Clinical Interview for DSM-5 to assess lifetime/current history of depressive, anxiety or obsessive-
compulsive and related disorders. We measured severity of psychiatric comorbidities using the Hospital Anxiety 
Depression Scale (HADS), Lebowitz Social Anxiety Scale (LSAS), Panic Disorder Severity Scale (PDSS), 
Generalized Anxiety Disorder-7, and Yale-Brown Obsessive-Compulsive Scale (Y-BOCS). We rated QoL with the 
Craniocervical dystonia questionnaire-24 (CDQ-24) and the EQ-5D-5L. For primary analysis, we measured paired 
correlation coefficients between psychiatric and QoL measures after botulinum toxin washout, adjusted for sex, age, 
Global Dystonia Rating Scale score, and current antidepressant use. 
Results: Thirty-seven patients (56.9%) had a lifetime diagnosis of any depressive, anxiety or obsessive-compulsive 
and related disorder (60.8% F, 42.9% M), 25 of whom were never treated and 14% currently on antidepressants. 
HADS, Depression score correlated with the largest number of CDQ-24 (Pain, Activities of Daily Living, 
Social/Family Life; all p<0.0005) and EQ-5D-5L (Mobility, Selfcare, Usual Activities, Anxiety/Depression and 
Visual Analog Scale; all p<0.005) domains. We observed specific effects of HADS, Anxiety score on the Emotional 
Wellbeing domain of CDQ-24, of LSAS Fear/Anxiety sub-score on the Stigma domain of CDQ-24, and of the PDSS 
raw score on the Pain-Discomfort domain of EQ-5D-5L. Psychiatric scores did not improve 4-5 weeks after 
botulinum toxin injection. 
Conclusions: Our findings confirm the impact of mood/anxiety problems on QoL in AOID. The observation of a 
domain-specific impact may inform the development of a personalized pathway of care for these still under-
diagnosed and under-treated clinical comorbidities of AOID. 

1312 
Comparison of motor and non-motor symptoms in operated and medically treated dystonia patients 
A. Maurer, U. Hidding, W. Hamel, C. Moll, C. Gerloff, M. Gelderblom, S. Zittel-Dirks (Hamburg, Germany) 
Objective: To evaluate motor and psychiatric symptoms as well as quality of life (QoL) in dystonia patients treated 
with botulinumtoxin/medication (non-DBS group) and deep brain stimulation (DBS) (DBS group) in a monocentric 
dystonia cohort. 
Background: Dystonia is a movement disorder characterized by sustained or intermittent muscle contractions 
leading to abnormal postures or movements. Psychiatric comorbidities, e.g. depression and anxiety disorders 
frequently accompany motor symptoms and QoL may be impaired. 
Methods: 63 patients were enrolled in the study. Motor symptom severity was assessed with the Global Dystonia 
Rating Scale (GDRS) and the Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS). Psychiatric symptoms were 
evaluated with the Hospital Anxiety and Depression Scale (HADS-D), Beck Depression Inventory II (BDI-II), 
Liebowitz Social Anxiety Scale (LSAS) and the Patient Health Questionnaire 9 (PHQ-9). Quality of life was 
investigated with the Short Form 36 Questionnaire (SF-36). 

This article is protected by copyright. All rights reserved.



Results: Patients in the DBS group were more severely affected by motor symptoms than patients in the non-DBS 
group (GDRS p = 0.023, BFMDRS p = 0.001)(Table 1). Depression and anxiety were overall frequent 
comorbidities, but there was no significant difference between groups (depression and anxiety frequency in non-
DBS/DBS group: HADS-D 67%/67%, BDI-II 34%/29%, LSAS 50%/53%, PHQ-9 65%/58%) (Table 2). QoL was 
impaired affecting all sub-items of the SF-36, but was not different between groups (figure 1). 
Conclusions: Although patients in the DBS group had more severe motor symptoms than the non-DBS patients, 
there were no differences in the frequency of psychiatric symptoms and QoL impairment. Depression and anxiety 
had a high prevalence in our cohort, confirming results of previous studies. Our findings highlight the importance of 
treating not only motor but also non-motor symptoms in dystonia patients. 
The study was supported by the Dystract Consortium. 
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Dystonic opisthotonus: A clinical clue to neurodegeneration with brain iron accumulation in young adults 
S. Mehta, V. Lal (Chandigarh, India) 
Objective: To describe the diagnostic value of dystonic opisthotonus as a clinical clue towards a diagnosis of 
neurodegeneration with brain iron accumulation. 
Background: Differential diagnosis of dystonic opisthotonus usually include secondary causes like drugs, 
neurometabolic disorders (Wilson Disease, Lesch Nyhan Syndrome, Maple syrup urine disease) and 
Neurodegeneration with brain iron accumulation (NBIA)1,2. Genetic testing is not always possible in such a 
scenario especially in a resource poor setting. Most of the times, we have to rely on clinical clues to diagnose and 
manage patients with such complex movement disorders. 
Methods: We describe two young patients who presented with dystonic opisthotonus and evaluation revealed the 
diagnosis of NBIA confirmed by genetic testing. 
Results: Case 1: A 33-year-old male presented with abnormal posturing of left upper limb and arching of the back 
for the past 5 years. Family history was non- contributory. Examination revealed severe extensor truncal dystonia 
with spread to upper limbs and face. Examination was negative for any ocular, pyramidal, cranial nerve or cognitive 
involvement. On evaluation, T2 hypointense lesions with central hyperintensity in bilateral globus pallidus were 
found on MRI brain. Genetic analysis revealed a compound heterozygous mutation c.434C>A (p.S145) in the 
PANK 2 gene. He showed modest response with a combination of oral drugs and periodic botulinum toxin therapy. 
Case 2: A 34-year-old male presented with 3-year history of severe arching of the back with involuntary closure of 
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eyes. Examination revealed severe dystonic opisthotonus and blepharospasm. There was no history of preceding 
antipsychotic intake. He had a negative family history with normal ceruloplasmin levels. Nerve conduction studies 
showed sensorimotor neuropathy. MRI brain revealed iron deposition in bilateral globus pallidus. Genetic analysis 
revealed a pathogenic variant in PANK 2 gene. He reports modest improvement with oral medications and 
botulinum toxin injections. 
Conclusions: Presence of dystonic opisthotonus especially in a young patient should alert the neurologists to a 
possibility of NBIA. 
References: 1. Stamelou M, Lai SC, Aggarwal A, et al. Dystonic opisthotonus: a "red flag" for neurodegeneration 
with brain iron accumulation syndromes?. Mov Disord. 2013;28(10):1325-9. 2. Schneider SA, Bhatia KP. 
Syndromes of neurodegeneration with brain iron accumulation. Semin Pediatr Neurol. 2012;19:57–66. 

1314 
Clinical profile and treatment response patterns in patients of Truncal Dystonia: A retrospective case series 
from a tertiary care hospital in India 
S. Mehta, S. Ray, V. Lal (Chandigarh, India) 
Objective: To identify the clinical profile and treatment response patterns in patients with truncal dystonia. 
Background: Truncal Dystonia is characterized by involuntary contractions and postures of the paraspinal, 
abdominal and chest muscles. Presence of truncal dystonia usually points to a secondary cause for dystonia like 
exposure to dopamine receptor blockers or neurodegenerative illness. Rarely, it can occur as an idiopathic focal or 
segmental dystonia. 
Methods: Retrospective review of medical records and videos of patients of truncal dystonia in our registry from 
May 2016 to February 2019. 
Results: A total of 14 patients (out of more than 500 patients of dystonia treated with botulinum toxin) with 
predominant truncal dystonia were found. There were nine males and five females with mean age of 52 years (range 
33-70). Extensor truncal dystonia was most common (10/14) followed by camptocormia (4/14).The various 
etiologies included Idiopathic Parkinson’s disease (4/14), Tardive (3/14), Neurodegeneration with brain iron 
accumulation (genetically confirmed) (2/14) or idiopathic (5/14) in nature. All patients except one were refractory to 
a combination of oral medications tried over a minimum period of six months. Suboptimal relief was the most 
common indication for Botulinum toxin injection. 13 patients received electromyographic guided botulinum toxin in 
the involved muscles (lumbar paraspinals, rectus abdominis, pectoralis as indicated) and showed modest response 
over medications. Mean dose of abobotulinum toxin used was 500 units. 
Conclusions: Truncal dystonia is a relatively rare presentation. It can be involved as an isolated dystonia or with 
involvement of other body regions. It is usually refractory to multiple oral medications but may show modest benefit 
with botulinum toxin injections. 
References: 1. Comella, C. L., Shannon, K. M. and Jaglin, J. (1998), Extensor truncal dystonia: Successful 
treatment with botulinum toxin injections. Mov. Disord., 13: 552-555. 2. Ehrlich DJ, Frucht SJ. The phenomenology 
and treatment of idiopathic adult-onset truncal dystonia: A retrospective review. J Clin Mov Disord 2016;3:15. 

1315 
Interactions within Fine Motor Control Network in Task-specific Dystonia 
S. Merchant, E. Frangos, S. Horovitz, T. Popa, J. Parker, M. Hallett (Charleston, SC, USA) 
Objective: Using a novel methodology combining neuroimaging and transcranial magnetic stimulation(TMS), we 
explored the difference in the interactions between the principal nodes of the fine motor control network in task-
specific dystonia(TSD) patients and healthy controls. 
Background: Humans have a distinguishing ability for fine motor control which is sub-served by a highly evolved 
corticomotoneuronal network. The acquisition of a particular motor skill involves a long series of practice 
movements, trial and error, adjustment and refinement. At the cortical level, this acquisition begins in the parieto-
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temporal sensory regions and is subsequently consolidated and stratified in the premotor-motor cortex. TSD can be 
viewed as a corruption or loss of motor control confined to a single motor skill. 
Methods: 9 patients with TSD and 13 HV underwent clinical assessment, structural and fMRI during finger tapping 
task. Anatomical images co-registered with the fMRI during task were used for target selection and neuro-
navigation for TMS. TMS evaluation included measurement of the input-output recruitment curve (IOC), cortical 
silent period (CSP), and amplitude of the motor evoked potentials (MEP) conditioned by cortico-cortical interactions 
between premotor ventral (PMv)-M1, anterior inferior parietal lobe (aIPL)-M1 and dorsal inferior parietal lobe 
(dIPL)-M1 at baseline and repeat assessment after inhibitory continuous theta-burst stimulation (cTBS) block 
applied to the dIPL node using a randomized sham-controlled design. 
Results: Baseline dIPL-M1 and aIPL-M1 cortico-cortical interactions were facilitatory and inhibitory, respectively, 
in HV, whereas the interactions were noted to be converse and significantly different in TSD. Baseline PMv-M1 
interactions were inhibitory and similar between the groups. Differences were also noted in the resting state 
functional connectivity between dIPL and PMv nodes with no differences noted in the structural connectivity. CSP 
was significantly prolonged in TSD cohort. After inhibition of dIPL node, baseline aIPL-M1 interactions became 
significantly inhibitory and the prior inhibitory interaction PMv-M1 trended towards facilitation, only for the TSD 
group. 
Conclusions: TSD should be considered as a separate nosologic entity with the likely pathophysiologic mechanism 
being corruption of the parieto-premotor control of a highly-refined motor skill. 
References: 1. Lemon, R.N., An enduring map of the motor cortex. Exp Physiol, 2008. 93(7): p. 798-802. 2. 
Lemon, R.N. and J. Griffiths, Comparing the function of the corticospinal system in different species: organizational 
differences for motor specialization? Muscle Nerve, 2005. 32(3): p. 261-79. 3. Rizzolatti, G. and G. Luppino, The 
cortical motor system. Neuron, 2001. 31(6): p. 889-901. 4. Fagg, A.H. and M.A. Arbib, Modeling parietal-premotor 
interactions in primate control of grasping. Neural Netw, 1998. 11(7-8): p. 1277-1303. 5. Grafton, S.T., A.H. Fagg, 
and M.A. Arbib, Dorsal premotor cortex and conditional movement selection: A PET functional mapping study. J 
Neurophysiol, 1998. 79(2): p. 1092-7. 6. Grafton, S.T., et al., Functional anatomy of pointing and grasping in 
humans. Cereb Cortex, 1996. 6(2): p. 226-37. 7. Lemon, R.N., Descending pathways in motor control. Annu Rev 
Neurosci, 2008. 31: p. 195-218. 8. Shimazu, H., et al., Macaque ventral premotor cortex exerts powerful facilitation 
of motor cortex outputs to upper limb motoneurons. J Neurosci, 2004. 24(5): p. 1200-11. 9. Cerri, G., et al., 
Facilitation from ventral premotor cortex of primary motor cortex outputs to macaque hand muscles. J 
Neurophysiol, 2003. 90(2): p. 832-42. 10. Schaffelhofer, S. and H. Scherberger, Object vision to hand action in 
macaque parietal, premotor, and motor cortices. Elife, 2016. 5. 11. Klaes, C., et al., Hand Shape Representations in 
the Human Posterior Parietal Cortex. J Neurosci, 2015. 35(46): p. 15466-76. 12. Aflalo, T., et al., Neurophysiology. 
Decoding motor imagery from the posterior parietal cortex of a tetraplegic human. Science, 2015. 348(6237): p. 
906-10. 13. Davare, M., R. Lemon, and E. Olivier, Selective modulation of interactions between ventral premotor 
cortex and primary motor cortex during precision grasping in humans. J Physiol, 2008. 586(11): p. 2735-42. 14. Di 
Lazzaro, V., U. Ziemann, and R.N. Lemon, State of the art: Physiology of transcranial motor cortex stimulation. 
Brain Stimul, 2008. 1(4): p. 345-62. 15. Baumer, T., J.C. Rothwell, and A. Munchau, Functional connectivity of the 
human premotor and motor cortex explored with TMS. Suppl Clin Neurophysiol, 2003. 56: p. 160-9. 16. Baumer, 
T., et al., Inhibitory and facilitatory connectivity from ventral premotor to primary motor cortex in healthy humans 
at rest--a bifocal TMS study. Clin Neurophysiol, 2009. 120(9): p. 1724-31. 17. Koch, G., et al., Focal stimulation of 
the posterior parietal cortex increases the excitability of the ipsilateral motor cortex. J Neurosci, 2007. 27(25): p. 
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Neuromuscular electrical stimulation for the treatment of jaw-closing dystonia 
C. Miller-Patterson, E. Burton (Pittsburgh, PA, USA) 
Objective: To measure whether neuromuscular electrical stimulation (NMES) increases jaw-opening distance and 
improves quality-of-life in jaw-closing dystonia patients. 
Background: An index case with progressive supranuclear palsy and jaw-closing dystonia reported symptomatic 
benefit from NMES administered at an outside facility. NMES has previously been evaluated in treatment of 
dysphagia, but not in dystonia. The purpose of this pilot study is to determine whether NMES improves symptoms 
in jaw-closing dystonia, to develop methods and analytical approaches for a larger study, and to evaluate the safety 
and practicability of NMES in this population. 
Methods: 6 patients with jaw-closing dystonia (primary or secondary to a neurodegenerative disease or medication) 
will be enrolled. NMES will be applied for 20 minutes twice per week for a total of 16 sessions. Response to 
treatment will be measured using 2 methods. The first will evaluate degree of jaw-closing dystonia by determining 
the distance between the front teeth in the position of maximal voluntary jaw opening, measured using the quantity 
of tongue depressors the subject can fit between his or her teeth, i.e., tongue depressor quantity (TDQ). The second 
will evaluate the impact of jaw-closing dystonia on functional status using the oromandibular dystonia questionnaire 
(OMDQ-25). TDQ will be evaluated before and after each treatment session. OMDQ-25 will be evaluated at 
baseline and before each treatment session. 
Results: D’Agostino-Pearson test will be utilized to see if TDQ and OMDQ-25 values are normally distributed in 
this population. We will test whether TDQ changes during each treatment session using paired t-test to compare pre- 
and post-treatment values for each patient. We will determine whether OMDQ-25 changes over the course of the 
study using repeated measures ANOVA. We will further use linear regression to investigate the relationship 
between each parameter and the number of treatment sessions. 
Conclusions: NMES may be an effective symptomatic therapy for patients with jaw-closing dystonia. This study 
will determine whether symptomatic improvement occurs after each treatment session, whether the improvement is 
long-lasting and functionally relevant, and will provide critical data that allows planning for larger studies. 
References: Chen YW, Chang KH, Chen HC, Liang WM, Wang YH, Lin YN. The effects of surface neuromuscular 
stimulation on post-stroke dysphagia: a systemic review and meta-analysis. Clin. Rehabil. 2016; 30: 24-35. Defazio 
G, Albanese A, Pellicciari R, Scaglione CL, Esposito M, Morgante F, Abbruzzese G, Bentivoglio AR, Bono F, Moja 
MC, Fabbrini G, Girlanda P, Lopiano L, Pacchetti C, Romano M, Fadda L, Berardelli A. Expert recommendations 
for diagnosing cervical, oromandibular, and limb dystonia. Neurol. Sci. 2018. Godeiro-Junior C, Felicio AC, 
Barsottini OG, Aguiar PM, Silva SM, Borges V, Ferraz HB. Clinical features of dystonia in atypical parkinsonism. 
Arq. Neuropsiqiuatr. 2008; 66: 800-804. Humbert IA, Michou E, MacRae PR, Crujido L. Electrical stimulation and 
swallowing: how much do we know? Semin. Speech Lang. 2012; 33: 203-216. Merz RI, Deakin J, Hawthorne MR. 
Oromandibular dystonia questionnaire (OMDQ-25): a valid and reliable instrument for measuring health-related 
quality of life. Clin. Otolaryngol. 2010; 35: 390-396. Park JS, Dong-Hwan O, Hwang NK, Lee JH. Effects of 
neuromuscular electrical stimulation in patients with Parkinson’s disease and dysphagia: a randomized, single-blind, 
placebo-controlled trial. NeuroRehabilitation. 2018; 42: 457-463. Tang Y, Lin X, Lin XJ, Zheng W, Zheng ZK, Lin 
ZM, Chen JH. Therapeutic efficacy of neuromuscular electrical stimulation and electromyographic biofeedback on 
Alzheimer’s disease patients with dysphagia. Medicine. 2018; 96. 
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Social Cognition, Neuropsychological functioning & Mood Disorder in Cervical Dystonia (CD) 
R. Monaghan, D. McCormack, I. Ndukwe, T. Burke, N. Pender, S. O’Riordan, M. Hutchinson, F. O'Keeffe (Dublin, 
Ireland) 
Objective: This study investigated social cognition, neuropsychological functioning and mood disorder in CD. 
Background: CD is a hyperkinetic movement disorder of unknown cause. Although historically considered a pure 
movement disorder, it has been shown that patients with CD (PwCD) have increased frequencies of anxiety and 
depression compared with neurologically healthy controls. Evidence suggests that there may also be mild 
neuropsychological differences in CD cohorts. Social cognition is a multidimensional construct of particular interest 
in CD. Its interconnected components may include: emotional face recognition, Theory of Mind, social learning, 
biological motion perception, and empathy. Preliminary studies suggest social cognitive difficulties may be evident 
in CD. We hypothesised that an increased frequency of mood disorder in PwCD may be related to disordered 
processing of subcortical salient emotional stimuli. 
Methods: 32 patients aged 33-80 years (M=9; F=23) attending the Dystonia Botulinum Toxin Clinic at St Vincent’s 
University Hospital, Dublin took part. Severity of the condition was assessed using the Comprehensive Cervical 
Dystonia Rating Scale (CCDRS). A neuropsychological assessment battery of standardised measures was 
administered to examine mood and a range of neuropsychological areas. Preliminary analysis was conducted using 
SPSS Version 24.0. 
Results: The mean score for anxiety was 8.65 (SD=4.73) and the mean score for depression was 5.16 (SD=3.77) 
(Hospital Anxiety and Depression Scale; HADS). Using the cut-off 7+, the percentages of elevated anxiety and 
depression in the total sample were 64% and 40%, respectively. A mean cognitive empathy score of 59.86 
(SD=8.17) and a mean affective empathy score of 34.66 (SD=6.36) was found (Questionnaire of Cognitive and 
Affective Empathy). The mean FSIQ-2 standardised score was 89.13 (SD=17.34). This suggests a low average 
range within this population. In terms of social cognition, a mean total score of 24.03 (SD=5.81) in the Reading the 
Minds in the Eyes test was reported. 
Conclusions: Very limited research currently exists in neuropsychological functioning, social cognition and mood 
in PwCD. This initial exploratory analysis suggests increased frequencies of mood and variability in 
neuropsychological and social cognitive performance. Further data will be presented to explore this relationship in 
more detail. 

1318 
Stiff Limb Syndrome Masquerading As a Focal Limb Dystonia 
P. Morrison, R. Barbano (Rochester, NY, USA) 
Objective: To report a case of immune-mediated stiff limb syndrome referred for extremity focal dystonia. 
Background: Autoantibodies to glutamic acid decarboxylase (GAD) are associated with multiple neurological 
disorders, most commonly cerebellar ataxia and stiff-person syndrome (SPS).[1] Antibodies to GAD are also 
commonly seen in other immunologic disorders, such as type I Diabetes Mellitus (DM). A more rare clinical 
subtype of SPS, stiff-limb-syndrome, can occur in ~10-15% of cases, and typically presents with focal involvement 
of a lower limb with sparing of the trunk muscles. 
Methods: The patient is a 33 y/o male with a PMH of type 1 DM who presented with subacute onset (months) of 
abnormal movement involving the right foot, ankle, and toes with associated pain, discomfort, and stiffness. His 
neurologic exam was notable for persistent right great toe extension at the MTP joint and great toe flexion at the 
interphalangeal joint. Digits 2-5 also showed increased flexion, but to lesser extent. His tone was increased in the 
distal RLE most consistent with rigidity, particularly at the ankle. Otherwise his neurologic exam showed no other 
focal deficits. 
Results: MRI brain with and without contrast showed no focal intracranial abnormalities. EMG/NCS of the L3-S1 
sampled muscles of the right lower extremity found inability to fully silence the flexor hallucis longus and extensor 
hallucis longus muscles. Laboratory evaluation was positive for serum GAD antibodies (>250.0; normal 0-5). 
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Lumbar puncture showed positive CSF GAD65 antibodies (2.30; normal range <0.02), 1 oligoclonal band (normal 
0-1), slightly elevated glucose (91; normal 50-80), normal IgG Index (0.52; normal 0.28-0.66), normal protein (22; 
normal 15-45), and no cellular infiltrate. CT chest/abdomen/pelvis showed no clear underlying malignancy. The 
patient was treated with low dose clonazepam 0.5mg BID and has noted a significant symptomatic improvement in 
his lower extremity spasm, pain, and stiffness. 
Conclusions: We report a case of stiff-limb-syndrome referred for evaluation for a focal lower extremity dystonia 
and pain associated with positive serum and CSF anti-GAD antibodies in a patient with type 1 DM. Even though 
this entity is rare, it is still important to consider anti-GAD antibody in the differential diagnosis of a focal dystonia 
with associated pain in a young patient of subacute-to-chronic onset, especially with a history of type 1 DM 
References: 1.) Baizabal-Varvallo, JF; Alonso-Juarez, M. Cerebellar disease associated with anti-glutamic acid 
decarboxylase antibodies: review. J Neural Transm. 2017 Oct;124(10):1171-1182. 

1319 
Depression and anxiety in cervical dystonia 
M. Munteanu (Bucharest, Romania) 
Objective: We had proposed to evaluate appearance of anxiety and depression in patients with cervical 
dystonia(CD) and influence of disease on the quality of life. 
Background: CD is characterized by involuntary muscle of the neck and head. Botulinum toxin injections are the 
treatment of choice. 
Methods: CD severity was measured with the Toronto Western Spasmodic Torticollis Rating Scale(TWSTRS). 
Psychiatric symptoms were evaluated with Beck Depression Inventory and Beck Anxiety Inventory. Follow-up 
period was 1.5 years. 
Results: A total of 29 patients  were analyzed. Our subjects had mild CD. Depression was observed in 19 
patients(65.5%) and anxiety in 10 patients(34.5%). Disability affects multiple aspects including pain, social life, 
physical function, daily activity. 
Conclusions: Our take home message is that CD disability could lead to depression and anxiety. Fortunately, these 
are potentially treatable conditions, highlighting the importance of recognizing those and initiating proper treatment. 

1320 
Evaluating Multimodal Integration of Abnormalities in Adult Onset Idiopathic Focal Dystonia (AOIFD) via 
Multivariate Pattern Analysis (MVPA) and Ensemble Learning (EL) 
S. Narasimham, D. Valeriani, S. O'Riordan, M. Hutchinson, K. Simonyan, R. Reilly (Dublin, Ireland) 
Objective: Investigate MVPA and EL for understanding the relationship between structural and functional 
abnormalities in AOIFD. 
Background: AOIFD is a movement disorder with diverse phenotypes and unknown pathophysiology. The majority 
of neuroimaging studies have relied on univariate analyses of unimodal data for detection of regional abnormalities. 
However, as the relationship between structural and functional abnormalities in AOIFD is usually complex, these 
traditional analytic models become ineffective for abnormality integration. MVPA and EL may help exploit the 
complementarity of information from multimodal data. 
Methods: Structural (s) and resting-state (rs) functional MRI data were analysed from age-and sex-matched cohorts 
of 70 AOIFD patients (10 cervical, 10 blephrospasm, 15 laryngeal, 17 musician’s and 17 writer’s cramp) and 70 
healthy controls. Regional homogeneity and gray matter volumetric maps were extracted from the preprocessed 
data. Two masks were employed: 1) an a-priori mask consisting of regions found abnormal in AOIFD literature, and 
2) a whole-brain mask. Following feature selection via principal component analysis, random forest and support 
vector machine classifiers were then applied to the feature vectors. Three ways of combining the multimodal data 
were compared: 1) early feature integration, 2) late feature integration, and 3) decision integration via EL. Ten-fold 
cross validation was employed to evaluate the performance of the MVPA model. 
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Results: The sMRI data achieved a higher classification accuracy (71.42% with the a-priori mask, 85.71% with the 
whole-brain mask) than the rsfMRI data (57.14% with the a-priori mask, 78.57% with the whole-brain 
mask). However, the combination of sMRI and rsMRI, via the decision integration approach, outperformed single 
MRI modality classification by reaching 85.71% accuracy (a-priori mask) and 92.85% (whole-brain mask). 
Conclusions: Decision integration proved to be the most effective way of combining information from different 
modalities in AOIFD. When the analysis was limited to the a-priori mask, it led to lower classification performance 
than the whole-brain mask. This suggests that data from regions across the brain were essential when classifying 
patients and controls, thus supporting the multi-network concept of the disorder. 
References: [1] H. A. Jinnah et al., "The focal dystonias: current views and challenges for future research," Mov 
Disord, vol. 28, no. 7, pp. 926-43, Jun 15 2013. [2] R. Gilron, J. Rosenblatt, O. Koyejo, R. A. Poldrack, and R. 
Mukamel, "What's in a pattern? Examining the type of signal multivariate analysis uncovers at the group level," 
Neuroimage, vol. 146, pp. 113 120, Feb 1 2017. [3] T. G. Dietteric, "Ensemble Methods in Machine Learning," 
International Workshop on Multiple Classifier Systems, vol. LNCS 1857, pp. 1-15, 2000. [4] T. M. Schouten et al., 
"Combining anatomical, diffusion, and resting state functional magnetic resonance imaging for individual 
classification of mild and moderate Alzheimer's disease," Neuroimage Clin, vol. 11, pp. 46-51, 2016. [5] L. E. 
Libero, T. P. DeRamus, A. C. Lahti, G. Deshpande, and R. K. Kana, "Multimodal neuroimaging based classification 
of autism spectrum disorder using anatomical, neurochemical, and white matter correlates," Cortex, vol. 66, pp. 46-
59, May 2015. [6] G. Battistella, P. Termsarasab, R. A. Ramdhani, S. Fuertinger, and K. Simonyan, "Isolated Focal 
Dystonia as a Disorder of Large-Scale Functional Networks," Cereb Cortex, Dec 17 2015. 

1321 
Health-related quality of life in cervical dystonia; the hidden and unaddressed effect of anxiety 
I. Ndukwe, P. Lynch, J. Dover, C. O’Neill, F. O’Keeffe, S. O'Riordan, M. Hutchinson (Dublin, Ireland) 
Objective: The aim of this study was to assess health-related quality of life in patients with cervical dystonia and 
assess factors considered to contribute to its impairment. 
Background: Background: Adult onset isolated cervical dystonia is a hyperkinetic movement disorder of unknown 
cause; it is the most common phenotype of adult onset dystonia. Although botulinum toxin is an effective therapy 
for the motor symptoms, patients with cervical dystonia have a reduced health-related quality of life (HrQoL), with a 
wide range of nonmotor symptoms. 
Methods: Participants and methods: Cervical dystonia patients attending a University Hospital clinic for botulinum 
toxin were assessed by a number of measures considered to contribute to morbidity. These included Utility Values 
derived from EuroQol 5-Dimension, 5-Level instrument (EQoL-UV), the Cervical Dystonia impact profile–58 
(CDIP-58); Beck's Depression (BDI), Beck's Anxiety Inventory (BAI-II) and physician-rated measures from the 
Comprehensive Cervical Dystonia Rating Scale the Toronto Western Spasmodic Torticollis Scale-2 (TWSTRS-2). 
Results: Results: In 182 cervical dystonia patients (63% women)(mean age 61y ± 13.3)(mean duration of dystonia: 
18.2y), the median EQoL-UV was 0.78 (IQR: 0.62–0.91). There were significant correlations with BAI-II (r2= 0.32) 
BDI (0.28), sleep quality (0.21) and other subscale measures of the CDIP-58. There was no correlation with the 
physician administered TWSTRS-2 severity scale. Following multi-variable analysis, the only factor which 
remained significant in contributing to the HrQoL, measured by the EQoL-UV, was the severity of anxiety assessed 
by the BAI-II (p=0.0152). 
Conclusions: Conclusion: Despite good control of motor symptoms with botulinum toxin, patients with cervical 
dystonia have a reduced HrQoL; this is significantly affected by prevalent anxiety, which is largely not addressed in 
the clinic. 

1322 
Trust the Patient's Report, not the Doctor's: Non-Motor Symptoms and Quality of Life in Cervical Dystonia 
I. Ndukwe, J. Dover, P. Lynch, C. O'Neill, S. O'Riordan, M. Hutchinson (Dublin, Ireland) 
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Objective: To assess the prevalence of mood disorder and measure health-related quality of life (Hr-QoL) in 
relation to, pain, disability and disease severity in cervical dystonia (CD) patients receiving botulinium toxin with 
good effect. 
Background: CD presents as a motor disorder; but coexisting mood disorders are frequent and can impact on 
HrQoL. These mood disorders are considered primary, often precede the onset of CD and do not improve with 
botulinium toxin therapy. 
Methods: We prospectively collected data using questionnaires; Toronto Western Spasmodic Torticollis Rating 
Scale (REVISED) (TWSTRS-2) for pain, severity and disability; cervical dystonia impact profile -58 (CDIP-58) and 
Euro-QoL visual analogue scale (VAS) for HrQoL and Beck’s Anxiety Inventory (BAI), Beck’s Depression 
Inventory (BDI-II) & Hospital Anxiety & Depression Scale (HADS) for mood disorder assessment. 
Results: In 160 patients, (63% women) with mean age 62 years (SD: 12.67), using the BAI and BDI-II, 50% 
reported anxiety and/or depression (Table 1). There were significant correlations between mood disorder and quality 
of life using CDIP-58 {(Anxiety: R2=0.39; p<0.0001) and (Depression: R2=0.33; p<0.0001)}. There were weaker 
correlations between disease severity (physician administered), disability and quality of life; R2=0.09; p<0.0002 and 
R2=0.18; p<0.0001 respectively (Table 2). 
Conclusions: There were significant correlations between reported mood disorder and HrQoL in CD but weaker 
associations with severity and disability scales. This shows that patient-reported measures, in particular, the CDIP-
58, are a source of significant disability reporting which is not determinable by standard recommended measures of 
CD severity, administered by the neurologist. As such it is important to trust the patient. 

 

 

1323 
Deep phenotyping adult onset isolated cervical dystonia; the importance of symptomatic anxiety and 
depression 
I. Ndukwe, J. Dover, P. Lynch, F. O'Keeffe, S. O'Riordan, M. Hutchinson (Dublin, Ireland) 
Objective: Objective:We aimed to characterise the demographic and clinical aspects of cervical dystonia (CD) 
patients with symptomatic anxiety and depression. We hypothesised that these patients have a particularly severe 
form of CD. 
Background: Background: Anxiety and depression are important non-motor symptoms which affect 40–60% of CD 
patients; they may precede the onset of the motor symptoms by many years; they are poorly recognised. CD patients 
with symptomatic mood disorder may form a particularly severe phenotype of this otherwise relatively benign 
disorder. 
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Methods: Participants and methods: CD patients attending a botulinum toxin clinic were asked about a past history 
of a medical diagnosis of, or treatment for, depression or anxiety. All patients were surveyed & assessed by 
demographic measures and instruments including Utility Values derived from EuroQol 5-Dimension, 5-Level 
instrument (EQoL-UV), the CD Impact Profile–58 (CDIP-58); Beck's Depression Inventory (BDI), Beck's Anxiety 
Inventory (BAI-II) and physician-rated measures from the Comprehensive CD Rating Scale, the Toronto Western 
Spasmodic Torticollis Scale-2 (TWSTRS-2). Non-parametric statistical methods were used to compare those with 
and without a history of anxiety or depression). 
Results: Results: Of the 189 CD patients, 64 (34%) patients had a history of a medical diagnosis & treatment for 
anxiety and/or depression; 37/64 (58%) were symptomatic prior to the onset of the dystonia; 125/189 CD patients 
(66%) had no history of mood disorder. The 64 symptomatic patients were significantly more affected than the 125 
in: pain levels by TWSTRS-2 pain scores (p <0.019); TWSTRS disability score (p = 0.0002); current anxiety by the 
BAI-II (p < 0.0001); current depression by BDI (p < 0.0001); HrQoL by EQoL-UV (p = 0.0015); HrQoL by the 
CDIP-58 (p = 0.009). There were no differences between the two groups in the physician-assessed TWSTRS-2 
severity scores (p = 0.68), in the age of onset (p = 0.0961), sex ratios (ns), or years of education (ns). 
Conclusions: Conclusion: CD patients with a clinical history of anxiety and/or depression form a distinct group and 
exhibit more distress in relation to pain, disability, anxiety, depression with more impaired health-related quality of 
life. They require special attention in the clinic; they may represent a more severe phenotype and are worthy of more 
intense research and therapeutic scrutiny. 

1324 
Differences in botulinum toxin long-term treated and non-treated cervical dystonia patients in somatosensory 
task-related functional imaging response 
M. Nevrly, P. Hlustik, P. Hok, M. Kaiserova, P. Otruba, Z. Tudos, P. Kanovsky (Olomouc, Czech Republic) 
Objective: Aim of this study is to compare the response of sensorimotor networks to botulinum toxin (BoNT) 
therapy in naïve and repeatedly-treated CD patients. 
Background: BoNT injections are currently the most effective, although symptomatic, treatment of focal dystonia. 
Clinical effect of BoNT on dystonia is assumed to be mediated by dynamic changes at multiple levels of the 
sensorimotor system, from the neuromuscular junction up to the cerebral cortex. Although the first BoNT injection 
is effective, the clinical picture in cervical dystonia (CD) often changes during continuous BoNT treatment. This 
results in some cases in the need to change the BoNT injection pattern by clinicians. 
Methods: Six CD patients were examined with whole-brain functional MRI during electrical stimulation of the 
median nerve at the wrist and during a skilled hand motor task before and 4 weeks after the BoNT-A injection to the 
dystonic neck muscles. The first pair of these examinations was performed before and after the first BoNT-A 
injection. Next pair was performed in the same subjects after 5 years of regular and effective BoNT-A treatment. 
Results: In electrical stimulation, effective BoNT-A treatment resulted in differential response to somatosensory 
stimulation in the contralateral precentral and postcentral gyrus. The first BoNT-A injection led to activation 
increase in all subjects, whereas the activation decreased after BoNT-A injection in long-term treatment. 
Conclusions: Differential response to electrical stimulation may reflect gradual changes in sensorimotor integration 
during continuous BoNT-A treatment. In agreement with sustained good clinical outcome, changes in hand motor 
related activation remained stable throughout the follow-up.Research supported by the grant of the Agency for 
Healthcare Research of Ministry of Health of the Czech Republic (AZV MZ ČR) 16-30210A and Institutional 
Support of Research Organization MZ CR RV FNOL 2018. All rights reserved. 
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Task Specific Dystonia and Its Response to Botulinum Neurotoxin Treatment 
R. Ortiz, T. Mertsalmi, F. Scheperjans, E. Pekkonen (Helsinki, Finland) 
Objective: To study the clinical features in task specific dystonia and its response to botulinum neurotoxin (BoNT) 
treatment. 
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Background: Task specific dystonia is rare form of dystonia, which affects usually younger people. It is usually 
limited to specific tasks in repetitive tasks, most commonly manifested as writer’s cramp (WC) and sometimes as 
musician’s dystonia.  The treatment choices for task specific dystonia are limited, mostly in selected casesBoNT 
injections. 
Methods: We studied the patients with task specific dystonia treated in the university hospitals of Tampere and 
Helsinki between the years 2007-2016. The following data was collected from patient records: gender, age of onset 
of dystonia symptoms, response to BoNT and dystonia type.  The sickness allowance data and retirement months 
were calculated from social insurance institution and pension registry information and compared to age and gender 
matched controls. 
Results: Patient records revealed 117 task specific dystonia patients, of which 26 had musician’s dystonia. The 
instruments used with musicians were guitar/bass (3), violin (6), piano (5), drums (5), wind instruments (7), of these 
three had embouchure dystonia.  21 patients had action induced dystonia that was not limited to one task. 19 patients 
had segmental or multifocal dystonia. 
The mean age for patients was, 40,8 ± 13,2 years, no significant differences were seen, even though the patients with 
segmental or multifocal dystonia were slightly younger at the onset of dystonia (35,8 ± 16,3 years). 
80% of the patients with WC received BoNT treatment, and 50% having musician’s dystonia, respectively. For all 
patients, type A BoNT was used. BoNT response was worst in patients with musician's dystonia (23%), otherwise 
about 50 % of the patients did benefit of BoNT. The reasons not to receive BoNT treatment were the mild 
symptoms, fear of side effects or doctor’s previous experiences with similar type of patients. 
Conclusions: The response to BoNT in different task specific dystonia was mediocre, but no severe side effects 
were seen. Musicians had worse response for BoNT than other task specific dystonia. 
Although the dystonia begun as focal task specific dystonia, in 34% of the patients the dystonia manifestation 
became more widespread. 
The dystonia symptom did not reflect in sick allowances, but many patients changed their work functions. 

1326 
Post stroke dystonia and dystonic tremor: Clinical features and neuroimaging findings 
S. Pandey, P. Tater (New Delhi, India) 
Objective: To study the clinical features and neuroimaging findings of patients with post stroke dystonia and 
dystonic tremor. 
Background: Post stroke dystonia is a known entity but dystonic tremor has rarely being described following 
stroke. 
Methods: It was a prospective study performed at our tertiary care center. The clinical details and imaging 
characteristics of patients with post stroke dystonia were noted and further analyzed.Patients were further classified 
into two groups: dystonia (without tremor) and dystonic tremor (DT) (dystonia with tremor in dystonic body 
segment). 
Results: We evaluated 65 patients of post stroke dystonia of which 21 (32.31%) patients had DT whereas 44 
(67.69%) patients had dystonia without tremor. The distribution of dystonia in patients having dystonia without 
tremor in the descending order was hemidystonia in 17 (38.64%), focal dystonia in 16 (36.36%), segmental dystonia 
in 9 (20.45%) and multifocal in 2 (4.55%) patients, whereas DT group had hemidystonia in 13 (61.90%) patients, 
focal dystonia in 7 (33.33%) and generalized dystonia in one (4.76%) patient. Overall, ischemic lesions were seen in 
48 (73.85%) patients and hemorrhagic lesions were seen in 17 (26.15%) patients. In the dystonia without tremor 
group, there were 36 (81.82%) patients with ischemic lesions and 8 (18.18%) patients with hemorrhagic lesions. In 
the DT group, 12 (57.14%) patients had ischemic lesions and 9 (42.86%) patients had hemorrhagic lesions. Only 2 
(11.76%) patients of hemidystonia without tremor had hemorrhagic lesions whereas 7 (53.84%) patients of 
hemidystonia with tremor had hemorrhagic lesions (P value = 0.012). Thalamic lesions were seen in 4 (9%) patients 
of hemidystonia without tremor and 7 (33.33%) patients of hemidystonia with tremor (P value = 0.037). 
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Conclusions: In our post stroke dystonia cohort, 32.31% (21/65) had dystonic tremor. Overall ischemic lesions were 
more common in patients of dystonia without tremor than patients of dystonic tremor. Hemorrhagic lesions were 
more frequent in patients of hemidystonia with tremor than hemidystonia without tremor (P value = 0.012). Patients 
of hemidystonia with tremor had more of thalamic involvement when compared to patients of hemidystonia without 
tremor (P value = 0.037). Thus, we conclude that dystonic tremor is an important phenomenology of post stroke 
movement disorders and is not rare, as described in the previous studies.1, 2 
References: 1) Alarcón F, Zijlmans JC, Dueñas G, Cevallos N. Post-stroke movement disorders: report of 56 
patients. J Neurol Neurosurg Psychiatry. 2004;75(11):1568-74. 2) Gupta N, Pandey S: Post-Thalamic Stroke 
Movement Disorders: A Systematic Review. Eur Neurol 2018;79:303-314. doi: 10.1159/000490070 

1327 
Drug-induced dystonia 
J.B. Paredes, V. Hristova, J. Poles, S. Madrona, P. Torre, I. Moreno, S. Argos, A. Canovas, J.C. Castrillo, J.L. 
Moreno (Madrid, Spain) 
Objective: A systematic review of patients treated in the emergency department of a tertiary referral hospital for 
acute dystonic reactions 
Background: The dystonias are characterised by involuntary sustained muscle contractions that lead to forced 
positions. They may be due to dopaminergic receptor blocking. We describe a drug-induced dystonia case series 
Methods: Clinical characteristics of drug-induced dystonia patients attended in our hospital (2002-2018). Paediatric 
and levodopa-induced dystonia were excluded. Variables of interest included demographic, etiological, clinical 
variables and treatment response. 
Results: We included 77 patients; 53.2% were women, mean age 37.2±17.7. 
Segmental dystonia was the most frequent dystonia subtype (50.6%) followed by focal (40.3%) and generalised 
dystonia (9.1%). Cervical dystonia was the most common (51.9%), followed by oromandibular (50.6%), oculogyric 
crisis (23.4%), upper limbs (20.8%) and lower limbs (9.1%). Laringeal dystonia and blepharospasm were rather less 
common. The most frequent cause was dopaminergic receptor blockers (88.4%); antipsychotic drugs (44.2%) and 
antiemetic/antivertiginous drugs (44.2%). Tieliperazina was the most specific agent (15.6%), followed by 
Metoclopramida (13.0%), Risperidone (10.4%) and Haloperidol (9.1%). Exposure time was chronic (>1 month) in 
27 patients (35.1%), subacute (1-week to 1-month) in 4 (5.2%) and acute in 46 (59.8%). 
Fifty-two patients (67.6%) were treated with biperiden, 6 (7.8%) with diazepam, while 5 (6.5%) with both. All 
treated cases improved completely. Untreated patients improved after drug withdrawal. 
Time to resolution was recorded in 49 patients (63.7%) (all less than 24 hours); 38 cases (49.4%) were 
asymptomatic in less than 1 hour. 
Conclusions: Dopaminergic receptor blockers were the most frequent cause of drug-induced dystonia. Clinical 
distribution is mainly cranial, but can be generalized. Benzodiazepines and anticholinergics are an effective 
treatment. 

1328 
Genetic and clinical investigation of young onset dystonia in Korea: What can we learn? 
J.K. Park, J.W. Cho, M. Kim, J. Ahn, J. Youn (Cheonan, Republic of Korea) 
Objective: In this study, we performed whole exome sequencing (WES) in Korean patients with young-onset 
dystonia, and investigated important factors associated with WES in dystonia. 
Background: Dystonia is clinically heterogenous movement disorder and can present with various other movement 
disorders. The indications for genetic testing and which genes should be tested were not clearly elucidated yet. 
Methods: We recruited patients with young-onset (< 40 years of onset age), segmental or generalized dystonia by 
new MDS dystonia classification at Samsung Medical Center from 2015 to 2018. We excluded subjects with 
mutation in TOR1A and for persistent dystonia, PANK2 for the eye-of-tiger sign in brain MRI, PRRT2 for 
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paroxysmal dystonia, and SGCE for myoclonus-dystonia syndrome, or subjects with focal or 2ndary dystonia. We 
performed WES in all enrolled subjects and confirmed with Sanger sequencing. 
Results: Of total 30 recruited subjects, we found out 10 (33%) pathogenic or likely pathogenic variants related with 
dystonia. When we reviewed the 10 patients with relevant variants, brain imaging was helpful in 3 subjects 
(HTRA1, SCL20A and WDR45), clinical characteristics (paroxysmal presentation) in 2 subjects (ADCY5, and 
ATP1A3), and head circumstance in 1 subject (PTEN). Based on our results, WES has a positive diagnostic yield of 
>30% for patients with young age onset dystonia. Positive diagnostic rate was highest among childhood onset 
dystonia (46%). Generalized dystonia and combined other neurologic manifestations are more likely to yield a 
positive result. 
Conclusions: Clinical exome sequencing suggests broadening of disease spectrum and uncover diagnosis of young 
age dystonia. Genetic diagnosis should be considered in early onset generalized dystonia combined with other 
neurologic manifestations. 

1329 
Sustained Functional Benefits After a Single Injection with AbobotulinumtoxinA Using a 2mL Injection 
Volume in Adults with Cervical Dystonia 
A. Patel, M. Lew, A. Brashear, K. Dashtipour, S. Isaacson, R. Hauser, W. Ondo, P. Maisonobe, J. Otto (Overland 
Park, KS, USA) 
Objective: We present efficacy, patient-reported outcomes (PROs), and safety in adults with cervical dystonia (CD) 
at last available visit after a single abobotulinumtoxinA injection using 2 mL dilution. 
Background: CD is a neurological movement disorder of the neck muscles negatively impacting functionality and 
quality of life. Treatment with botulinum toxin occurs at intervals of ≥12 weeks in patients with CD. 
Methods: This was a 12-week, randomized, double-blind trial (NCT01753310). Eligible patients were ≥18yrs with 
primary idiopathic CD, Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) total score ≥20, and 
TWSTRS-severity subscale score >10 at baseline. Patients were randomized (2:1) to abobotulinumtoxinA or 
placebo, with abobotulinumtoxinA patients treated with 500U if toxin-naïve and 250-500U based on previous 
onabotulinumtoxinA dose if non-naïve. Endpoints included TWSTRS, Pain Numeric Rating Scale (NRS-Pain; 24-
hour), Treatment Satisfaction Questionnaire for Medication, and other PROs for pain, depression, and global health. 
Results are for the intent-to-treat population, with “Week 12” (Wk12) comprising the last available post-baseline 
assessment (end-of-study or early-withdrawal). 
Results: 134 patients were randomized (abobotulinumtoxinA, n=89; placebo, n=45). Mean TWSTRS total scores 
improved from 42.5 at baseline to 35.4 at Wk12 with abobotulinumtoxinA and 42.4 to 40.4 with placebo (treatment 
difference: -4.8; 95%CI: -8.5, -1.1; P=0.011). At Wk12, mean (95%CI) change from baseline in NRS-Pain was -1.0 
(-1.59, -0.45) for abobotulinumtoxinA and -0.2 (-0.96, 0.65) for placebo. AbobotulinumtoxinA demonstrated 
numerical improvements in other PROs. More abobotulinumtoxinA-treated than placebo-treated patients were at 
least somewhat satisfied with treatment (60.5% vs 42.2%, respectively), symptom relief (57.0% vs 40.0%), and time 
for treatment to work (55.8% vs 33.3%) at Wk12. Adverse events were consistent with the known safety profile of 
abobotulinumtoxinA in this population. 
Conclusions: Results indicate that treatment with abobotulinumtoxinA using 2 mL dilution provided sustained 
functional benefits including patient-perceived benefits through up to 12 weeks in patients with CD. Most patients 
indicated satisfaction with abobotulinumtoxinA. 

1330 
A software framework for objective and quantitative audio-analysis of Embouchure Dystonia (ED) 
M. Perez Denia, O. Killian, I. Ndukwe, S. Narasimham, S. O’Riordan, M. Hutchinson, R. B. Reilly (Dublin, Ireland) 
Objective: Development of an automated audio-analysis software framework for aiding in biomarker identification 
to objectively quantify ED severity. 
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Background: ED, the second most common phenotype of Musician’s Dystonia, affects the muscles involved in 
blowing air into wind instruments. ED diagnosis and assessment of severity often relies on subjective rating of the 
sound quality produced by musicians, having low reliability intra and inter subjects, which makes a long-term study 
difficult. Regardless of the evident need, only two studies have quantified sound characteristics in ED subjects 
during musical performance [1,2]. There is clinical need for a more comprehensive automated approach to acoustic 
analysis of ED. 
Methods: A protocol of musical performance exercises was designed, including sustained and sequenced notes 
played at multiple combinations of volume, pitch and tempo. This encompasses musicians’ full playing range. 
Audio recordings were made and a custom-developed software program was developed to extract acoustic features 
from such recordings. Fundamental frequency and amplitude perturbations were analysed by Power Spectral 
Density and Time Domain analyses. Rhythmic abilities were evaluated from sequences by metronome and inter-note 
comparisons. 
Results: The proposed protocol (30 min duration) is optimised to enable subsequent automation of the analysis. The 
main output measures include: shimmer and jitter for sustained notes; inter-notes consistency parameters (rhythm, 
volume and pitch) for sequences. The protocol and software analysis were tested with recordings from four 
professional wind instrumentalists. For example, mean jitter was 0.18% for the low register with a coefficient of 
variation across higher pitches of 0.47%. 
Conclusions: The protocol and software developed allow automatic extraction of acoustic features and form a 
baseline to compare to ED patients. A major strength of this methodology is the potential for remote data recording 
and processing, facilitating its use in a larger ED population. 
References: 1. A Morris, S Norris, J Perlmutter, J Mink, Quantitative, clinically relevant acoustic measurements of 
focal embouchure dystonia, Mov. Disord., 33(3):449–458, 2018. 2. A Lee, S Furuya, M Morise, P Iltis, E 
Altenmüller, Quantification of instability of tone production in embouchure dystonia, Park. Relat. Disord., 
20(11):1161–1164, 2014. 

1331 
Nigrostriatal degeneration in DYT-PRKRA: new insights on a rare disorder 
M.J. Pinto, J. Massano, M.J. Rosas, A. Oliveira (Porto, Portugal) 
Objective: To describe a genetically proven DYT-PRKRA (DYT16) case with documented loss of presynaptic 
dopamine transporters. 
Background: DYT-PRKRA is an autosomal recessive disorder combining generalized dystonia and parkinsonism. 
Homozygous variant c.665C>T (p.Pro222Leu) in exon 7 of PRKRA gene is the most frequent causative mutation. 
Since the first description in 2008, other pathogenic variants of PRKRA were described and the clinical phenotype 
was also expanded, ranging from severe childhood-onset combined dystonia-parkinsonism to moderate adult-onset 
isolated dystonia. Most patients derive no clinical benefit from currently available drugs, including levodopa. In 
vivo nigrostriatal degeneration has not been previously described in DYT-PRKRA. 
Methods: Case report and review of the literature. 
Results: A 27-year-old Portuguese woman presented to the neurology clinic due to progressive worsening of 
childhood-onset unsteadiness of gait, slowness of movements and writing difficulty. There was no relevant medical 
or family history. Examination showed right upper limb and left hand dystonia, right sided writer’s cramp, 
micrography, and cervical and left limb rigidity and bradykinesia. Routine laboratory tests and brain MRI were 
unremarkable. Presynaptic nigrostriatal dopamine transporter SPECT was performed, disclosing marked symmetric 
loss of presynaptic dopamine transporters in both putamina. Levodopa was started with clinical improvement. 
Genetic testing revealed the c.665C>T (p.Pro222Leu) homozygous mutation in exon 7 of PRKRA gene, hence 
diagnostic of DYT-PRKRA. Despite clinical improvement with levodopa, the patient decided to stop treatment in 
order to get pregnant. So far, there is no apparent clinical worsening. 
Conclusions: We present a genetically confirmed DYT-PRKRA case of childhood-onset generalized dystonia and 
parkinsonism, improved under levodopa. Interestingly, in vivo nigrostriatal degeneration was seen using presynaptic 
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dopamine transporter SPECT. These findings suggest that DYT-PRKRA could in fact belong to the group of early 
onset neurodegenerative complex dystonia-parkinsonism disorders, and also that treatment with levodopa should be 
considered in these patients. Given the scarce evidence regarding nigrostriatal degeneration in DYT-PRKRA we 
suggest that clinicians and researchers should consider probing this hypothesis. 
References: [1] Camargos S, Scholz S, Simón-Sánchez J, Paisán-Ruiz C, Lewis P, Hernandez D, et al. DYT16, a 
novel young-onset dystonia-parkinsonism disorder: identification of a segregating mutation in the stress-response 
protein PRKRA. Lancet Neurol. Elsevier; 2008 Mar;7(3):207–15. [2] dos Santos CO, da Silva-Júnior FP, Puga RD, 
Barbosa ER, Azevedo Silva SMC, Borges V, et al. The prevalence of PRKRA mutations in idiopathic dystonia. Park 
Relat Disord. 2018;48:93–6. [3] de Carvalho Aguiar P, Borges V, Ferraz HB, Ozelius LJ. Novel compound 
heterozygous mutations in PRKRA cause pure dystonia. Mov Disord. 2015;30(6):877–8. [4] Zech M, Castrop F, 
Schormair B, Jochim A, Wieland T, Gross N, et al. DYT16 revisited: Exome sequencing identifies PRKRA 
mutations in a European dystonia family. Mov Disord. 2014;29(12):1504–10. [5] Quadri M, Olgiati S, Sensi M, 
Gualandi F, Groppo E, Rispoli V, et al. PRKRA Mutation Causing Early-Onset Generalized Dystonia-Parkinsonism 
(DYT16) in an Italian Family. Mov Disord. 2016;31(5):765–7. 

1332 
A protocol to probe the mechanisms underlying disordered sub-cortical processing in cervical dystonia using 
emotional faces. 
S. Purcell, J. Monahan, I. Ndukwe, O. Killian, S. Narasimham, M. Perez Denia, O. Duggan, S. O Riordan, M. 
Hutchinson, R. Reilly (Dublin, Ireland) 
Objective: Probing the mechanisms underlying disordered sub-cortical processing in the pathogenesis of the non-
motor symptoms of cervical dystonia (CD) is of great clinical importance. We are investigating the responsiveness 
of the amygdala to emotional faces by high-density EEG evoked response potentials (ERP) in CD patients. We 
postulate a causative association of disrupted salient emotional signalling with abnormalities in mood and social 
cognition in this cohort. 
Background: Cervical dystonia is an autosomal-dominant movement disorder causing abnormal contraction of the 
muscles of the head, neck and shoulders resulting in irregular movements and postures. An abnormal temporal 
discrimination threshold (TDT) has been established as a mediational endophenotype in CD and up to 50% of 
unaffected first-degree relatives, due to disordered sub-cortical inhibition. The sub-cortical collicular-pulvinar-
amygdala pathway non-consciously processes emotional stimuli which influence behaviour. Impaired emotional 
processing has previously been identified in CD, however protocols investigate conscious emotional processing 
only. 
Methods: Participants: There will be 20 participants in each of five sub-groups: a) 20 female CD patients with 
moderate/severe scores (19+) on Beck’s Depression Inventory (BDI- II) and/or Beck’s anxiety Inventory (16+) 
(BAI). b) 20 female CD patients with normal scores (<10) on BDI- II and BAI. c) 20 unaffected sisters (of patients 
with CD) with an abnormal TDT. d) 20 unaffected sisters (of patients with CD) with an abnormal TDT. e) 20 
healthy control female participants with normal scores (<10) on both BAI and BDI. All groups will be age matched; 
they will be 45-65 years of age. 
Methods: We have developed a protocol to probe specific ERP components (N170, P300) in response to faces 
expressing happiness, disgust or neutrality using an oddball paradigm of facial images from the NimStim database. 
Results: We expect patients with CD and their unaffected relatives with abnormal TDT to have impaired 
recognition of facial emotions compared to other study groups due to abnormalities in the sub-cortical collicular-
pulvinar-amygdala pathway. 
Conclusions: Impaired recognition of facial emotions is of clinical significance as this may lead to misinterpretation 
of social cues and predispose individuals to anxiety and depression. 
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1333 
Striatal dopaminergic dysregulation and dystonia-like movements induced by peripheral nerve crush in a 
transgene DYT1 mouse model 
L. Rauschenberger, A. Stengl, S. Knorr, K. Grundmann-Hauser, J. Volkmann, C.W. Ip (Würzburg, Germany) 
Objective: To study changes of the dopaminergic pathway of a transgene DYT1 dystonia mouse model after 
induction of a dystonic phenotype by peripheral nerve crush. 
Background: 30% of torsinA mutation carriers develop generalized DYT1 dystonia in childhood. Disease onset has 
been linked to external triggers such as peripheral traumas. The pathophysiology of DYT1 is unclear, the 
dopaminergic pathway is thought to play a central role. h∆GAG3 mice express the human mutated torsinA, but are 
asymptomatic in their naïve state. A peripheral nerve crush was used to provoke the development of dystonia-like 
movements in h∆GAG3 mice and changes of the dopaminergic pathway were studied. 
Methods: Dystonia-like movements of h∆GAG3 and wildtype (wt) mice were evaluated with a tail suspension test 
(TST) and a newly developed scoring system from 0-5 points. Electroneurography of the sciatic nerves was 
performed 10 weeks after crush in order to analyze nerve recovery in h∆GAG3 and wt mice. The striatal 
dopaminergic system was analysed via HPLC as well as qPCR. 
Results: hΔGAG3 mice and their littermate controls developed abnormal hindlimb movements in the first weeks 
following the sciatic nerve crush. However, hΔGAG3 mice continued to show dystonia-like movements in a 
significant manner over the observational period of 12 weeks while wt mice recovered almost completely (TST 
week 12: 2.10 ± 0.30 vs 0.40 ± 0.20, p < 0.0001). The analysis of nerve conduction velocity and compound muscle 
action potentials 10 weeks after the peripheral trauma showed a similar nerve recovery in h∆GAG3 and wt mice 
(23.97 m/s ± 1.80 m/s vs 25.30 m/s ± 2.80 m/s). HPLC analysis revealed a slightly elevated dopamine (DA) level in 
the contralateral striatum of naïve hΔGAG3 mice compared to wt mice (1.15 ± 0.12 vs 1.00 ± 0.06), no significant 
change was seen after crush. In wt mice the nerve crush led to a significant DA depletion after crush (0.79 ± 0.06) 
compared to hΔGAG3 mice (1.03 ± 0.18, p < 0.05). DA receptors DRD1-5 did not reveal any significant differences 
on mRNA level in the contralateral striatum in hΔGAG3 and wt mice after sciatic nerve injury. 
Conclusions: A dystonic phenotype was successfully elicited by peripheral nerve injury in this DYT1 mouse model, 
highlighting the central role of environmental factors in disease pathology. A dopaminergic dysregulation might 
play a role in a disrupted sensorimotor circuitry. 

1334 
Rapidly progressive cognitive decline and hemi-dystonia due to anti-neuronal surface antibodies 
F. Rolim, L. Mendes, P. Braga Neto, R. Sampaio, G. Ferreira, P. Nóbrega, V. Mesquita, F. Maia (Fortaleza, Brazil) 
Objective: To describe a case of marked asymmetric coarse tremor and dystonia in patient diagnosed with anti-
NMDAR encephalitis. 
Background: Anti-NMDAR encephalitis has complex and heterogeneous clinical features including psychiatric 
features and different subtypes of movement disorders (MD). Asymmetric movement disorders in these patients is 
not a common finding, more frequently described in pediatric patients. 
Methods: We report a case of a young female with anti-NMDA receptor encephalitis presenting with rapidly 
progressive cognitive decline and markedly assymetric movement disorders. 
Results: A previously healthy 18-year-old female was admitted to the emergency department with a three-week 
history of abnormal movements, cognitive impairment, and bladder dysfunction. On admission, she showed marked 
apathy and poor speech, scoring 4 points in MMSE and no word recall in semantic verbal fluency. She remained 
alert at all times and no abnormal eye movements were seen. Motor examination showed global bradykinesia and a 
sustained dystonic posture in her right leg, with a right arm high amplitude coarse tremor.  Brain MRI showed global 
atrophy and CSF analysis was unremarkable. Laboratory testing ruled out metabolic, rheumatologic or infectious 
abnormalities. EEG showed markedly diffuse attenuation with bursts of suppression on electrical activity. A 5-day-
course of methylprednisolone and 5 plasmapheresis sessions were administered empirically for a possible 
autoimmune encephalitis. The patient showed some improvement after plasmapheresis was started. CSF analysis for 
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detection of antibodies against NMDAR turned out to be positive. Her abdominal MRI and pelvic exam ruled out 
teratomas. She was discharged from the hospital showing discrete improvement, but a 1-month follow-up 
ambulatorial evaluation showed complete remission of dystonic posturing and tremor and moderate improvement on 
cognitive tests. Analysis of other autoimmune encephalitis antibodies are still ongoing. 
Conclusions: Anti-NMDAR encephalitis may be a cause of severe cognitive disfunction even in the absence of 
level of consciousness impairment. Asymmetric movement disorders may be related to NMDAR encephalitis in 
young adults with a good response to plasmapheresis. 
Acknowledgments – To Livia Dutra Antonio, Orlando Graziani Povoas Barsottini and Romana Hoftberger for 
technical support on laboratorial results regarding autoimmune encephalitis panel. 
References: [1] Graus, F., Titulaer, M. J., Ramani Balu, R., Benseler, S. [et al]. A clinical approach to diagnosis of 
autoimmune encephalitis. Lancet Neurol, 2016; 15: 391–404. [2] Dalmau, J., Gleichman, A. J., Hughes, E. G., Anti-
NMDA-receptor encephalitis: case series and analysis of the effects of antibodies. Lancet Neurol, 2008; 7(12): 
1091–1098 [3] Benjumea-Cuartas V, Eisermann M, Simonnet H, [et al]. Unilateral predominance of abnormal 
movements: A characteristic feature of the pediatric anti-NMDA receptor encephalitis? Epilepsy Behav Case Rep. 
2017 Jan 18;7:42-44 

1335 
Unusual expression of fragile X premutation in a female patient: clinical and tractographic description 
V. Ros-Castelló, E. Natera-Villalba, A. Sánchez-Sánchez, A. Gómez-López, P. Pérez-Torre, S. Fanjul, J. López-
Sendón, A. Alonso-Cánovas, J.C. Martínez-Castrillo, J. Álvarez-Linera, I. Pareés (Madrid, Spain) 
Objective: To present a case of dystonic head tremor in a female FMR1 premutation carrier. 
Background: Fragile X-associated tremor ataxia syndrome (FXTAS) is the main neurological manifestation 
described in carriers of a premutation expansion of the fragile X mental retardation 1 (FMR1) gene and affects 
mainly men. Female carriers often develop FMR1-related primary ovarian insufficiency and, less frequently, 
neurological symptoms. Although movement disorders such as FXTAS in female carriers have been described, other 
movement disorders have not been well defined in the literature. Some case series report dystonia and bruxism to be 
more common than in the general population. 
Methods: Case-report. 
Results: A 59-year-old woman, carrier of the premutation expansion of the FMR1 gene was referred to our 
Movement Disorders Clinic because of progressive head tremor. The neurological examination showed mild 
saccadic intrusions in slow pursuit movements, head tremor with right shift and right laterocollis and normal gait. 
Laboratory tests, including ceruloplasmine, cupper and thyroid function, were normal. Brain MRI with tractography 
showed no abnormalities. 
Conclusions: We present a case of dystonic head tremor in a female FMR1 premutation carrier. Although it could 
be a case of adult-onset primary/idiopathic dystonia, previous reports support the association between FMR1 
premutation and dystonia. Tractography did not display abnormalities in cerebellar circuits. 

1336 
Positive response to Botulinum Toxin injections in a patient with Painless Hand with Moving Fingers: A Case 
Report and Literature Review 
Z. Rosensweet, A. Persaud, E. Gaitour, N. Shneyder (Jacksonville, FL, USA) 
Objective: Objective: We present a rare case and literature review of Painless Hand with Moving Fingers (PHMF) 
that adequately responded to Onabotulinum toxin A (Botox) injections with long lasting relief of abnormal 
movements and improvement in fine motor control. 
Background: Background:  PHMF is believed to be a variant of Painful Limbs with Moving Extremities. To date, 
the etiology of the syndrome remains unclear and very few cases have been reported. Proposed associated 
pathological conditions include: peripheral neuropathy, spinal cord and cauda equina injury, radiculopathy, 
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peripheral nerve trauma, herpes zoster and chemotherapy. A literature review found several case reports detailing 
successful treatment with clonazepam or gabapentin and a single report of treatment with Botox. 
Methods: Methods: A thorough literature review was conducted via PubMed using the terms “painless”, “arm”, 
“limb”, “moving”, “fingers”, “toes”, and “extremities”. 
Results: Results:We report a 60 y/o man presenting with a 7-year history of continuous, writhing, involuntary 
movements of the left hand.  Movements were temporarily improved with holding objects. There was no report of 
trauma, symptoms of radiculopathy, peripheral neuropathy or pain. Left hemifacial spasm was observed during 
physical exam. MRI of the brain and c-spine were unremarkable, as was serum metabolic and autoimmune-
paraneoplastic work up. EMG/NCV revealed involuntary motor unit recruitment of normal units in multiple muscles 
of the left arm and hand. Botox injections using EMG guidance were administered into the muscles most affected by 
involuntary movements. One-week post injection, the patient reported adequate reduction of involuntary movements 
allowing for fine motor tasking without significant degradation in dexterity. 
Conclusions: Conclusions: Botox is an effective and well-established therapeutic option for treatment of muscle 
spasticity and dystonia. This agent bestowed our patient with a satisfactory level of relief from involuntary 
movements and appears to be an effective therapy for this condition. The involuntary nature, response to Botox 
injection and sensory trick (holding object in affected hand) imply a potential dystonic mechanism.However, the 
fundamental etiology of this rare syndrome remains unknown and will require further research to identify the most 
effective method for identification and treatment. 
References: [1] Singer C. Papapetropoulos S. A case of painless arms/moving fingers responsive to botulinum toxin 
injections. Parkinsonism and Rel Disord 13 (2007) 55-56. [2] Supiot F, Gazagnes MD, Blecic SA, Zegers de Be3yl 
D. Painful arm and moving fingers: clinical features of four new cases. Mov Disord 2002:17(3):616-8. [3] Jabbari B, 
molloy FM, Erikson M, Floeter MK. Bilateral painful hand-moving fingers: electrophysiological assessment of the 
central nervous system oscillatory. Mov Disord 2000;15(6):1259-63. [4] Funakawa I, Mano Y, Takayangi T. Painful 
hand and moving fingers. A case report. J Neurol 1987;234(5):342-3. [5] Dash S. Painless Limbs and Moving 
Extremities Syndrome: A Variant of Painful Moving Limbs and Extremities. J Med & Med Research 15(1):1-4, 
2016. [6] Kwon S, Kim J, Jeon B. A case report of Painless Moving Toes Syndrome. J Clin Neurol 4(1):33-35, 2008 
[7] Miyakawa T, Yoshimoto M, Takebayashi T, Yamashita T. Painful Limbs/Moving Extremities. Clin Orthop Relat 
Res (2010) 468:3419-3425. 

1337 
Descriptive Presentation of MRI Findings in Multiple Sclerosis Patients with Tonic Spasm 
M. Salari, M. Etemadifar, S.h. Ghourchian (Tehran, Islamic Republic of Iran) 
Objective: It may provide a better gathering of data for further Meta-analyses regarding factors associated with 
tonic spasm in MS. 
Background: The lower prevalence of tonic spasm caused it difficult to describe the related clinical and imaging 
features in those MS patients comprehensively. Magnetic resonance imaging (MRI) findings have played an 
important role in diagnosis and severity of MS. Studies that investigate the relationship between tonic spasm and 
MRI findings are limited and in contrast. In this study, we provided a comprehensive description of clinical and 
imaging characteristics among MS patients suffered from tonic spasm. 
Methods: This retrospective cross-sectional study was conducted in Isfahan Multiple Sclerosis Clinic (IMSC), from 
August to October 2018. 4600 documents were enrolled that 28 of the patients confronted with tonic spasm during 
the course of the disease. MRI with and without contrast 1.5 T, was used initially and following each attack. 
Statistical analysis was performed using SPSS software version 20. 
Results: Of 28 patients entered for analysis, 20 (71.4%) were female and the mean age was 28.28± 7.18. The 
severity of the disease was assessed using Expanded Disability Status Scale (EDSS) with a mean of 1.89±0.67. Most 
of patients (27, 96.4%) suffered from relapsing remitting subtype and one (3.6%) had secondary progressive form. 
Periventricular lesions were seen in all patients. Brain stem lesion was seen in 5(17.9%) patients. Of other 23 
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patients, 12(49.2%) and 8(28.6%) had cervical and basal ganglia lesions, respectively. Ten patients (35.7%) had 
juxtacortical lesion and 4(14.3%) had cortical involvement. 
Conclusions: In our study, there was no significant increase in tonic spasm attack duration with involvement of any 
lesion sites. We did not find any significant relationship between EDSS and MRI or clinical findings except more 
disability (statistically significant) in patients with cortical lesions. The EDSS was higher in patients with lesions in 
basal ganglia, brain stem or cortical lesion. 

1338 
Pregnancy and Delivery Complications in Women with Inherited Isolated Dystonia 
M. San Luciano, V. Shanker, S. Bressman, D. Raymond, R. Saunders-Pullman (San Francisco, CA, USA) 
Objective: To determine whether female mutation carriers of inherited dopa-responsive (DRD) and DYT/TOR1A 
genes had higher pregnancy and delivery complications than non-carriers.  
Background: Women with inherited DRD and DYT/TOR1A related dystonia are frequently symptomatic and 
treated during their childbearing years. Pregnancy reports in inherited dystonia are scarce and clinical guidelines are 
lacking.  
Methods: A mailed structured questionnaire was sent to DYT/TOR1A and DRD families ascertained during genetic 
studies, including affected and unaffected family members and spouses, and in case of no response, the 
questionnaire was administered over the phone. To evaluate the effect of manifesting dystonia and carrying inherited 
dystonia genes, individual instances of composite pregnancy and delivery complications were compared between 
female manifesting-carriers (MC), non-manifesting-carriers (NMC) and non-carrier married-in female relatives 
(NC), adjusted by age, body mass index and education using generalized estimating equations (GEE) with family as 
link. To evaluate the effect of medications, number of pregnancy/delivery complications were compared between 
those taking medications during pregnancy and those who did not 
Results: 129 women [40 MC (18 DYT1 and 22 DRD), 60 NMC (50 DYT1 and 10 DRD), 29 NC (25 DYT1 and 4 
DRD)]; reported 310 pregnancies (306 carried to term and 15 of them while on dystonia medication: 12 on 
carbidopa/levodopa and 3 on trihexyphenidyl). 113 events were reported (68 pregnancy complications and 45 
delivery complications). MC had the highest number of events followed by NMC and NC (45.26%, 32.31% and 
26.09%, p=0.04). When analyzed separately, only MC with DYT/TOR1A but not those with DRD had higher rates 
of pregnancy and delivery complications. No differences were found among MC who took medications during 
pregnancy, although numbers were small 
Conclusions: Women with dystonia secondary to DYT/TOR1A mutations may be at higher risk of pregnancy and 
delivery complications. Greater severity of dystonic symptoms or specific DYT/TOR1A gene effects in MC may 
underlie these findings, particularly as in DYT/TOR1A treatment may be less satisfactory. Women with DYT1 
dystonia may require closer monitoring of their pregnancies and deliveries, although further studies are needed 

1339 
Selective Disinhibition of Thalamus by Globus Pallidus Internus: Failure of a Normal Control Mechanism in 
Childhood Dystonia 
T. Sanger, E. Arguelles, M. Liker (Los Angeles, CA, USA) 
Objective: The relationship between injury to basal ganglia and the phenomenology of overflow and dyskinesia in 
childhood dystonia is not understood.  We seek to test the hypothesis that a failure of local inhibition of motor 
features is responsible for overflow and excess muscle contractions in acquired childhood dystonia. 
Background: Over the past 2 years we have developed and tested a new and unique clinical procedure for DBS in 
children with secondary dystonia. Targets are selected based on quantitative measurements that include test 
stimulation and electrophysiological recording 24 hours per day for 5 days from up to 160 contacts in pallidum and 
motor thalamus, along with surface electromyography (sEMG), EEG, motion kinematics, and video. 
Methods: We obtain data from simultaneous invasive recording of high-impedance local field potentials (micro-
LFP) in GPi and Voa/Vop thalamus in children with secondary dystonia making rhythmic arm movements. The 
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rhythmic movements are paced by a metronome, so that the desired task-relevant frequency is known. As a result, 
undesired task-irrelevant frequencies represent potential movements that must be suppressed in order to execute the 
task correctly. From the frequency spectrum, we can determine the presence of task-relevant and task-irrelevant 
components in each region of brain. 
Results: We present results from children with asymmetric symptoms, showing the difference in pattern of GPi-
thalamus interactions between the more and less affected hemispheres. The figure shows that in the relatively 
unaffected side of a child with hemidystonia, GPi has two peaks above and below the task frequency of 0.5Hz (c), 
thus inhibiting thalamus at task-irrelevant frequencies and focusing motor performance on task-relevant dynamics. 
Conversely, in the more affected side this sideband inhibition pattern is not seen, with nonspecific inhibition of 
thalamus that does not selectively focus the motor performance. 
Conclusions: An important component of the failure of appropriate muscle and dynamics selection in dystonia may 
be due to inadequate sculpting of thalamic activity by nonspecific and insufficiently selective patterning within the 
basal ganglia output.  These results provide the first evidence that inadequate focusing of desired motor components 
may contribute to poor muscle selectivity, overflow, and excessive muscle contraction. 

 

1340 
Novel familial HPCA mutation associated with autosomal recessive dystonia: Strengthening the role of HPCA 
in hereditary movement disorders 
S. Siegert, W. Schmidt, R. Bittner, S. Gobara, M. Freilinger (Vienna, Austria) 
Objective: The objective was to describe the genetic and clinical findings in a Turkish girl, her father and paternal 
uncle carrying a novel homozygous HPCA mutation. 
Background: Recent research has highlighted the role of HPCA in autosomal recessive torsion dystonia (DYT2). 
However, knowledge about genotypes and phenotypes in this HPCA‐related dystonia is still scarce. 
Methods: Whole-exome sequencing of the affected girl was performed after clinical, laboratory and MR 
radiological work-up without indicative results. 
Results: The affected girl presented at the age of 2 years with gross motor unsteadiness, since then she developed 
dysarthria and dystonic posturing of the neck and lower limbs. Her father and paternal uncle are presenting different 
dystonic and choreatic features since childhood.Whole-exome sequencing revealed a novel homozygous mutation in 
the HPCA gene, c.182C>T p.(Ala61Val), affecting an evolutionarily highly conserved alanine residue within the 
EF-hand 2 domain of the neuron-specific calcium-binding protein hippocalcin. The unaffected mother was found to 
be a heterozygous carrier of the mutation, whereas the mutation was also homozygous in the father and his brother. 
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Conclusions: The family presenting with dystonia, dysarthria and a novel familial HPCA mutation 
phenomenological resembles the previously reported DYT-HPCA families thus expanding the genetic spectrum of 
DYT-HPCA dystonia described by Charlesworth et al. in 2015. Hence our findings support the role of HPCA 
mutations in autosomal recessive dystonia and highlight the need for further HPCA gene studies in cohorts with 
isolated and combined early onset recessive dystonia. 
References: Charlesworth G, Angelova PR, Bartolomé-Robledo F, Ryten M, Trabzuni D et al. Mutations in HPCA 
cause autosomal-recessive primary isolated dystonia. Am J Hum Genet. 2015 Apr 2;96(4):657-65. 

1341 
Cerebellar brain inhibition and cervical dystonia: exploring clinico-electrophysiological associations 
R. Sondergaard, L.S. Gan, Y. Jasaui, J. Sarna, S. Furtado, T. Pringsheim, D. Martino (Calgary, AB, Canada) 
Objective: To examine the association between clinical features of cervical dystonia (CD) and cerebellar inhibition 
of the motor cortex (M1). 
Background: The involvement of cerebellar outflow pathways in cervical and other idiopathic dystonias is 
suggested by neuroimaging and animal models. Cerebellar brain inhibition (CBI) is a paired pulse TMS paradigm 
that assesses the inhibitory effect of cerebellar output on motor cortex excitability, and is likely to be supported by 
these pathways. Previous evidence showed reduced CBI efficiency in idiopathic dystonia, but sample size was too 
small to assess its association with clinical features. 
Methods: CD subjects (ages 41-72, median 63.5) and age-matched controls were recruited. Testing involved 
delivering a cerebellar conditioning stimulus (intensity = resting motor threshold of contralateral abductor pollicis 
brevis muscle) followed by a test stimulus over contralateral M1 using 3, 5, 7 and 15ms interstimulus intervals 
(ISIs). We calculated average ratios of conditioned:unconditioned MEP amplitudes as measure of CBI (higher CBI 
ratio, lower CBI efficiency). 
Results: 20 CD subjects and 10 healthy age-matched controls were recruited. CD subjects were subsequently 
dichotomized by median Toronto Western Spasmodic Torticollis (TWSTRS) severity subscore. One-way ANOVA, 
conducted independently for each ISI, showed a ‘Clinical Group’ effect only for the 5ms ISI (F(2,24)=9.13, 
p=0.001). Bonferroni post hoc testing revealed that CBI ratio when using an ISI of 5ms were higher in subjects with 
more severe dystonia vs. less severe dystonia (p=0.002) or controls (p=0.006). CBI at 5ms was significantly 
correlated with TWSTRS dystonia severity subscore (partial correlation coefficient, adjusted for age, disease 
duration and sex= 0.48, p=0.04) and TWSTRS pain subscore (PCC = 0.49, p=0.04). CBI efficiency did not differ 
between CD patients with and without tremor. We ruled out direct cortico-spinal tract activation by comparing 
conditioned and unconditioned MEP onset latencies at 5ms ISI (F(5,39)=0.467, p=0.799). 
Conclusions: CBI efficiency at 5ms ISI diminishes with increasing dystonia severity and dystonia-related pain in 
subjects with CD. Our results provide initial evidence of a relationship between cerebellar influences on M1 
excitability and the burden of motor symptoms and pain in CD. 

1342 
Clinical Applications of Non-Invasive Neuromodulation associated with kinesiotherapy in focal dystonia 
patients: report of three cases 
C. Souza, J. Goulardins, D. Boari, S. Casagrande, J. Papaterra, C. Boffino, C. Tanaka, K. Monte-Silva (Sao Paulo, 
Brazil) 
Objective: The aim of our study was to evaluate further the potential role of Non-Invasive Neuromodulation 
combined with kinesiotherapy for treatment of focal dystonia (FD). 
Background: Dystonia is characterized by involuntary and sustained muscular contractions, which may cause 
postures and abnormal movements, initiated or recorded by voluntary action and associated with excessive muscular 
activation. Cervical Dystonia (CD) and Hand Focal Dystonia (HFD) been the most common forms of FD. Non-
Invasive Neuromodulation such as Transcranial Direct Current Stimulation (TDCS) and repetitive Transcranial 
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Magnetic Stimulation (rTMS) modulate the excitability of the connections between the motor cortical areas and may 
pose a therapeutic alternative associated with kinesiotherapy. 
Methods: Three patients took part in this study, two of them with CD and one with HFD. The choice of the Non-
Invasive Neuromodulation Techniques was guided by the clinical manifestation and the functional complaint in an 
individualized form, based on the best scientific evidence available for each case. Kinesiotherapy sessions were 
composed of specific and progressive exercises for CD and HFD. Patients were evaluated before, immediately after 
and three months after treatment (retention). The following instruments were used to evaluate the severity of CD pre 
and post-interventions: Toronto Western Spasmodic Torticollis Rating for evaluation of Cervical Dystonia, and to 
evaluate the postural control, the experimental task consisted of maintaining quiet balance in upright bipedal support 
in a force plate (Smart Equitest system, NeuroCom). To evaluate the tremor and dystonic movement of HFD patient, 
a digitizing tablet registered the position of the tip of the writing stylus and hand tremor was measured with a 
wireless accelerometer (Delsys Trigno). 
Results: The results show improvement in cervical control see [figure1] and [figure2] and similarly, improved 
dystonia symptoms in HFD patient [figure 3]. 
Conclusions: Non-Invasive Neuromodulation Techniques associated with Kinesiotherapy shown to be useful and 
safe for application in individuals with different types of FD and distinct functional disorders. The combined use of 
these intervention strategies seems to optimize and anticipate satisfactory clinical results in these neurological 
conditions, characterized by its difficult clinical management. 
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1343 
Physiotherapy in cervical dystonia with focus on clinical assessments on ICF 
M. Steinboeck, H. Unger (Bad Aibling, Germany) 
Objective: It is to assess if the results of the common clinical evaluation of patients with cervical dystonia can be 
summarized in an objective observation form and if the resulting therapy shows improvement within body functions 
and activities, as well as the Health related Quality of Life. 
Background: Cervical dystonia is the most prevalent type of dystonia and many patients face a lifetime of chronic 
disability despite several different treatment techniques. The synergistic effect of the most common treatment 
strategies, physiotherapy and the injection of Botulinum neurotoxin A (BoNT), is not sufficiently researched. The 
reason for the lack of success could possible be a confusingly complex, mostly subjective clinical evaluation. 
Methods: Different neurological assessment scales are summarized and performed on a group of patients with 
cervical dystonia. Through case studies a developed synopsis and modified examination form is presented. 
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Results: It becomes clear that a good therapy success is possible only through the detailed clinical objective but also 
subjective examination. This provides the basis for the implementation of different individual therapeutic 
procedures. 
Conclusions: The summarized objective assessment form should help clinical and para clinical healthcare givers in 
dystonia, to discuss together in the context of routine evaluation and therefore extend the field of interventions. 

1344 
Defining biomarkers to discriminate between organic and functional dystonia 
A. Stephan, D. Benninger (Lausanne, Switzerland) 
Objective: Establish methodologies, fast and easy to translate to clinics, that help discriminate between organic and 
functional dystonia. 
Background: Functional dystonias are challenging diagnoses that are thought to be linked to psychological causes, 
although their pathophysiology remains unknown. There is a need to find reliable measurable differences between 
the two populations to support the difficult differential diagnosis. 
Methods: The techniques we used in this study with patients with established organic and functional dystonia were 
chosen because they have both potential to differentiate between the two populations based on literature, and are 
easy to translate to clinical use if they can discriminate between patients. We targeted the primary motor cortex (M1) 
and the cerebellum.To investigate excitability, inhibition and plasticity of M1 we used a fast alternative to the 
classical paired associative stimulation (PAS). PAS is a transcranial magnetic stimulation paradigm that repeatedly 
pairs a peripheral nerve stimulation with a TMS primary motor cortex (M1) pulse to induce hebbian-like plasticity. 
After confirming that a 2 minutes 5Hz protocol could induce a facilitation comparable to the classical 20 minutes 
0.2Hz protocol in a cross-over study with healthy subject we used it to evaluate plasticity in patients.The eyeblink 
classical conditioning (EBCC), a well-documented form of cerebellar dependent learning paradigm, was used for 
non-invasive cerebellar activity investigation. In an effort to automate and ameliorate response detection, we used 
machine learning to automatically detect eyeblink in an unbiased and fast process. 
Results: Patients with organic and functional dystonia all demonstrated significant altered M1 and cerebellar 
function in comparison to healthy age-matched volunteers. The number of patients with functional dystonia 
recruited is currently too low to process separately from patients with organic form. Analyses comparing the two 
populations will be included in the poster after further recordings. 
Conclusions: PAS and EBCC are two promising clinical tools to help discriminate between organic and functional 
movement disorders. Both protocoles can be influenced by variables such as age or limb immobility, it is thus 
necessary to record enough patients to allow regression analysis and a definition of normal range of reponse 
considering all pertinent factors. 

1345 
Musician’s dystonia: results from a large US case series 
C. Stephen, M. Charness (Boston, MA, USA) 
Objective: We describe the clinical characteristics of a large US cohort of musician’s focal dystonia (MFD), 
including both amateur and professional musicians. 
Background: Musician’s focal dystonia (MFD), encompassing focal hand dystonia (FHD) and embouchure 
dystonia (ED), affects 1-2% of professional musicians, often resulting in significant disability. The etiology is 
unknown, but soft tissue injury or nerve entrapment may trigger FHD in genetically susceptible individuals. In 
musicians, ulnar neuropathy at the elbow is of specific importance because the ulnar nerve innervates most of the 
intrinsic hand muscles, which are essential for good finger coordination. 
Methods: We reviewed the case records of all patients attending a specialist performing arts clinic from 1989-2015. 
There were 2653 individual musician patients and we identified 240 cases (9.0%) of MFD. Cases were analysed by 
subgroup as task-specific FHD and ED. 
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Results: There were 216 cases of FHD (122 right, 88 left and 6 bilateral) and 24 ED and were generally classical 
musicians. The MFD group comprised 157 professional players (65.4%), 16 music students (6.7%) and 67 amateurs 
(27.9%); ED occurred almost exclusively in professionals. The onset of symptoms was at 36.8±12.3 years of age 
and started playing their principal instrument at 11.2±6.5 years. The majority of patients identified a precipitating 
factor or trigger, most commonly involving increased practice, a change in technique or new instrument, pain or 
overuse, and an abrupt return to playing after an absence. In FHD, sign of a concurrent neuropathy were frequently 
seen and 63 (29.2%) had ulnar entrapment, of which all but 2 were ipsilateral and almost exclusively involving 
dystonic flexion of the ring or little fingers. 
Conclusions: Many patients report the onset of dystonia after precipitating factors. Many had concurrent ipsilateral 
neuropathy, particularly ulnar neuropathy, suggesting that this is an important risk factor. 

1346 
Classification of idiopathic cervical dystonia: an observational study 
P. Tater, N. Sarma, S. Pandey (New Delhi, India) 
Objective: The aim of our study was to classify patients with idiopathic cervical dystonia who had never been 
injected botulinum toxin. 
Background: Idiopathic cervical dystonia is the most common form of adult-onset focal dystonia. Traditionally it 
has been classified as torticollis, laterocollis, retrocollis, and anterocollis. Many patients have a combination of these 
movements creating diagnostic uncertainty in a clinical setting. 
Methods: This was a prospective study of 45 patients of idiopathic cervical dystonia who had never been injected 
with botulinum toxin, carried out at our tertiary care center. The patients were studied for the type of cervical 
dystonia and associated symptoms. 
Results: We evaluated 45 patients of cervical dystonia with male: female ratio of 3:2 and a mean age of presentation 
of 45.08 ±12.74 years (range 22 – 65 years). The median duration of symptoms was 4 years. 
Torticollis was found in 35 patients, laterocollis in 18, anterocollis in 4, retrocollis in 16, Lateral shift in 5 and 
sagittal shift in 9 patients. Out of the 9 patients with sagittal shift, seven had anterior saggital shift (goose neck) 
while two had posterior sagittal shift (double chin). Thus, only 12 (26.66%) patients had a single type of cervical 
dystonia while rest of the 33 (73.33%) patients had at least two different forms of cervical dystonia. Thus, majority 
of the patients did not follow the paradigm of conventional dystonia classification into the four basic subtypes 
(Torticollis, laterocollis, retrocollis and anterocollis). 
Conclusions: The traditional classification of classifying cervical dystonia into four major subtypes (torticollis, 
laterocollis, retrocollis and anterocollis) was not helpful in majority of our patients as only 26.66% of patients had 
fallen into one of the categories. The collis-caput concept may be a more practical semiological analysis procedure 
for cervical dystonia, which is mainly build on anatomic data and muscle function (1,2). There is a need for doing 
observational studies classifying cervical dystonia based on collis-caput concept, which may be more practical and 
helpful to know the frequency of various subtypes in the clinical setting. 
The abstract was presented at the Movement disorders society of India conference 2019 (MDSICON 2019). 
References: 1) Reichel G (2011) Cervical dystonia: a new phenomenological classification for botulinum toxin 
therapy. Basal Ganglia 1:5–12. 2) Pandey S, Singh AS. The double-chin posture: Posterior sagittal shift in cervical 
dystonia. Neurol India 2016;64:556-8 

1347 
Reduced interhemispheric and premotor-motor connectivity during handwriting in patients with writer’s 
cramp 
N. Thirugnanasambandam, T. Zimmermann, A. Pillai, J. Shields, S. Horovitz, M. Hallett (Bethesda, MD, USA) 
Objective: In the current study, our aim was to determine if there occurred task-specific changes in functional 
connectivity within the task-specificity network for handwriting in writer's cramp patients compared to healthy 
controls. We also wanted to determine whether motor imagery of writing induced similar changes in connectivity. 
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Background: Dystonia in writer’s cramp (WC) is extremely task specific and appears only during planning and 
executing of writing but not during similar task like pencil sharpening which involves the use of similar object and 
muscle groups. WC patients show decreased activation of contralateral premotor and posterior parietal areas of the 
cortex during writing but not during other motor tasks. Parietal-premotor connectivity is also reduced in WC 
patients. Just motor imagery of writing itself could induce abnormally high levels of dorsal premotor activation in 
WC patients. However, there is no study that has evaluated the changes in functional connectivity during motor 
imagery of writing in these patients. 
Methods: We recruited 15 WC patients and an equal number of age- and gender- matched healthy controls. The 
subjects sat on a chair in front of a computer screen and performed one of the 4 tasks for 10s (‘write’, ‘sharpen’, 
‘imagine writing’ or ‘imagine sharpening’) as per the instruction displayed on the screen in a random order. There 
was 10s rest between the consecutive trials. 32-channel EEG was recorded and time frequency analysis was done to 
calculate the power and coherence. Task-related power/coherence was calculated by subtracting normalized 
power/coherence during rest from that during task. 
Results: The alpha and beta power at rest over bilateral motor, contralateral premotor and parietal regions were 
similar in WC patients and healthy controls. Task-related decrease in beta power was lower in WC patients for 
motor tasks but not for motor imagery tasks. We also found that the task-related alpha coherence between the two 
primary motor cortices, and that between contralateral premotor and primary motor cortices were lower in patients. 
Conclusions: We have demonstrated a significant decrease in interhemispheric and premotor-motor connectivity 
during writing in WC patients. Whether the decrease in connectivity correlates with the loss of inhibition and how 
these changes relate to disease pathophysiology needs to be explored in future studies. 

1348 
Non-motor symptoms in Myoclonus-Dystonia: a comparison to other dystonia subtypes 
E. Timmers, M. Smit, A. Kuiper, A. Bartels, S. vander Veen, A. vander Stouwe, P. Santens, B. Bergmans, M. Tijssen 
(Groningen, Netherlands) 
Objective: Systematically study NMS in M-D in direct comparison to other types of dystonia and healthy controls. 
Background: Myoclonus-dystonia (M-D) due to a SGCE mutation is an autosomal dominant inherited movement 
disorder. Apart from the motor symptoms, psychiatric disorders are highly prevalent in patients with M-D. Previous 
studies suggest that the type of psychiatric disorder differs between dystonia syndromes, probably related to disease 
specific pathology. Little is known about other non-motor symptoms (NMS) in M-D. 
Methods: Standardized questionnaires were used to assess the type and severity of psychiatric co-morbidity, sleep 
problems, fatigue and quality of life. Results of M-D patients with a SGCE mutation were compared to results of 
idiopathic cervical dystonia (CD) patients, dopa-responsive dystonia (DRD) patients with a GCH1 mutation, and 
healthy controls. 
Results: We included 164 participants: 41 M-D, 51 CD, 19 DRD patients, 53 controls. Dystonia patients (M-D, CD 
and DRD) had an increased prevalence of psychiatric disorders compared to controls (56-74% vs. 29%). In M-D we 
found a significantly increased prevalence of obsessive-compulsive disorder and psychosis compared to CD and 
DRD. Dystonia patients had more sleep problems (49-68% vs. 36%) and fatigue (42-73% vs. 15%) than controls. 
Compared to other dystonia subtypes, M-D patients reported less excessive daytime sleepiness and fatigue. 
Conclusions: Psychiatric comorbidity is frequent in all dystonia types, but OCD and psychosis are more common in 
M-D patients. The NMS appear to be dystonia subtype specific and suggest a shared pathophysiology. Further 
research is necessary to elucidate underlying pathways. 

1349 
Effect of Botulinum Toxin Treatment on Cervical Dystonia 
S. Tomic, M. Tomasevic, D. Hardi, T. Gilman Kuric, Z. Popovic (Osijek, Croatia) 
Objective: To find out influence of botulinum toxin (BonT) treatment on improvement of motor symptoms and 
pain.To find out influence of botulinum toxin (BonT) treatment on improvement of motor symptoms and pain. 
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Background: Patients with cervical dystonia suffer from motor and non motor symptoms, including pain. Best 
treatment option is BonT applications. 
Methods: Forty one patients with idiopathic focal cervical dystonia treated in botulinum toxin ambulance were 
include. Data about age, sex, disease duration, treatment period, number of BonT applications, BonT doses and 
period between two applications were collected from patients record. For treatment response (motor symptoms and 
pain) we used patients subjective assessment about improvement measured in percentages and for severity of motor 
symptoms we used last measured modified Tsui scale. 
Results: We have found positive correlation between improvement in pain scale with mean BonT dosage (P<0,002), 
total number of applications (P<0,03) and length of treatment (P<0,04). Patients with better improvement in pain 
score received more than 200 IU BonT (P<0,007), were treated more than 5 years (P<0,01) and received more than 
10 BonT applications (P<0,02). We haven`t found any correlation neither difference between treatment duration, 
number of applications, BonT dosage, period between two applications and improvement in motor symptoms 
neither in long-term motor symptoms severity. There were no difference in between sex, age and disease duration in 
improvement or severity of motor symptoms and pain. 
Conclusions: Higher BonT dosage, longer treatment period and higher total number of applications improve pain in 
patients with cervical dystonia. Improvement of motor symptoms depend more on good application technique and 
good muscle selection. 

1350 
Management of poor response to Botulinum toxin in cervical dystonia: a multicentre audit 
H. Tucker, F. Osei-Poku, D. Ashton, R. Lally, J. Alty, C. Kobylecki (Salford, United Kingdom) 
Objective: To audit the management of cervical dystonia patients with secondary poor responsiveness to BoNT in 
two regional U.K. neuroscience centres against the British Neurotoxin Network (BNN) guidelines. 
Background: Botulinum toxin type A (BoNT-A) is an effective first-line treatment for cervical dystonia but 20-
30% of patients discontinue treatment. Poor responsiveness to BoNT-A treatment has multiple causes, including 
suboptimal muscle selection, injection technique and dosing, and antibodies to BoNT-A. 
In 2016 the British Neurotoxin Network (BNN) published recommendations for the management of cervical 
dystonia patients with poor response to BoNT-A treatment [1]. 
Methods: We retrospectively analysed, across two tertiary movement disorder centres, 68 patients with cervical 
dystonia who met criteria for poor responsiveness to BoNT-A treatment. Data were collected relating to the BNN 
guidelines using a standardised proforma. 
Results: In total 30 patients (44%) improved with adjustment to dose, muscle selection and injection technique. 18 
patients were switched to BoNT-B, of which 7 patients (39%) following intervention had a good response to this 
treatment. Eight patients (12%) were shown to have proven resistance to BoNT-A via either frontalis or 
neurophysiological testing. In this subgroup 5 patients were switched to BoNT-B, 2 patients were switched to 
different BoNT-A preparations and 1 patient was referred for DBS. Four patients were deemed to have a good 
eventual outcome. Overall 36 patients (53%) were referred for DBS, 8 (22%) of whom underwent the procedure. 
Conclusions: Our audit shows that careful adjustment of dose, muscle, and injection technique helps a substantial 
proportion of patients with cervical dystonia presenting with poor response to BoNT-A therapy. Resistance to 
BoNT-A was not the most common reason for poor response. The BNN recommendations provide a useful 
framework for improving dystonia treatment. 
References: [1] Marion MH, Humberstone M, Grunewald R, Wimalaratna S. British Neurotoxin Network 
recommendations for managing cervical dystonia in patients with a poor response to botulinum toxin. Pract Neurol 
2016;16(4):288-295. 

1351 
The Dutch Yips Study 
E. van Wensen, H.J. vd Zaag, B.P. vd Warrenburg (Apeldoorn, Netherlands) 
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Objective: To investigate the prevalence of the Yips in a well-defined group of golfers and to determine potential 
risk factors. 
Background: The Yips is a neurologic movement disorder among golfers, present especially during putting. It is 
categorized among the group Focal Task-Specific Dystonia’s (FTSD). Little is known about the prevalence of the 
Yips and the factors that contribute to its emergence. To investigate the prevalence of the Yips in a well-defined 
group of golfers and to determine potential risk factors, we performed a web-based study among all golfers of a 
large Dutch golf club. 
Methods: All members (n=912) of a large golf club in the Netherlands were approached by mailings and via the 
homepage of the golf club. Participants anonymously filled in a web-based questionnaire. Questions were about 
gender, age, golf handicap, dominant hand, years of playing golf, onset and duration of Yips, occurrence of Yips 
(putting, chipping, irons and/or driving), side affected, smoking, alcohol use, a fanaticism score on sports, on 
golf and on competition-tension (VAS scores), possible obsessive-compulsion traits, current medication, medical 
history, family history of neurologic diseases, first-degree family members with the Yips, and a dystonia screening 
questionnaire 
Results: Out of 912 eligible golfers, 234 (26%) completed the questionnaire. Among them, 234, 150 (64%) were 
men. Mean age was 61years (range 20-84 yr). Mean handicap was 18.7 (range 0-54). There were 52 (22%) golfers 
who reported to suffer from the Yips. A further 20 indicated to possibly be affected by the Yips. The Yips emerged 
after a mean of 17 years (range 0-44 yr) of playing golf. Further data are currently being analyzed and results will be 
presented at the meeting. 
Conclusions: This part of the Dutch Yips Study attempted to provide insight into the prevalence of the Yips in an 
unbiased, large cohort of golf players and into factors that might be associated with its emergence. In a total of 912 
eligible golfers of an average golf club, we retrieved a minimal prevalence of 5.7% with the Yips. This prevalence 
rate would be remarkably high for a movement disorder and particularly for a FTSD. With 400,000 golfers in the 
Netherlands, there could be almost 23,000 golfers affected by the Yips, and worldwide more than a million. This 
indicates that further studies on the pathophysiology an treatment of the Yips, and other sports-related focal 
dystonia’s, are warranted. 
References: This poster has also been submitted for the 4th International Congress on Treatment of Dystonia in 
Hannover 8-11 may 2019 

1352 
Tardive Cervical Dystonia: Treatment with Botulinum: Treatment with Botulinum Toxin Guided by 
Electromyography 
L.F. Vasconcellos, M.S. Spitz, D.N. Nassif, B. Andrade (Rio de Janeiro, Brazil) 
Objective: To describe the use of botulinum toxin in the treatment of tardive dystonia. 
Background: Tardive dystonia (TD) was recognized as a complication of dopamine receptor blocking agents such 
as antipsychotic and anti-emetic drugs since 1960s. The risk of developing (TD) begins with the initiation of 
therapy, there being no safe period of exposure, with a wide range of development after exposure, ranging from days 
to decades. 
Methods: A 53-year-old man, diagnosed with paranoid schizophrenia at 17 years of age, has been treated with first 
and second generation neuroleptics for about 20 years. Started in 2010 a cervical and facial dystonia with pain that 
progressed to a disabling condition not responsive to the pharmacological approach (clonazepam and clozapine). 
The physical examination showed intense cervical dystonia with marked retrocollis and laterocollis to the right with 
sensory trick, and facial spasms.(vídeo) There was a marked functional recovery after the application of botulinum 
toxin type A (BT TX) guided by electromyography (EMG) in cervical muscles. The effect of BT TX had a duration 
of 4 months, requiring regular applications. 
Results: Men tend to develop TD after shorter exposure and in a younger age when compared to women. Although 
BT TX is widely used in the treatment of dystonia and spasticity, there are few studies on its use in TD, but the 
effect seems to be similar to idiopathic dystonias, with de TD requiring larger doses . The patient in question 
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achieved marked improvement after application of BT TX, with great improvement of mobility and resolution of 
pain, transiting of severe functional disability to oligosymptomatic state, with physical examination showing only 
discrete laterocollis. Although good results with BT TX are common, such expressive results are uncommon in the 
literature. 
Conclusions: It is clear that further studies are needed to understand the range of responses to treatment presented 
by patients with TD. TX BT should be considered in this cases guided by EMG when possible to obtain better 
results. The understanding of the pathophysiology and the mechanisms involved in the pharmacological responses 
should bring advances in the treatment of TD in the future. 

 

1353 
Use of Chemodenervation for Secondary Limb Dystonia in Parkinson’s Disease: A Single Center Experience 
V. Veerappan, M. Brodsky (Portland, OR, USA) 
Objective: To describe characteristics of patients with secondary limb dystonia in Parkinson’s Disease, types of 
dystonia observed, and treatment/response with chemodenervation. 
Background: Dystonia can be seen in up to 30% of patients with Parkinson’s Disease with a predilection for 
occurrence in up to 60% of patients that are considered to have young onset disease defined as having motor 
symptoms prior to 40 years of age. Limb dystonia, particularly foot dystonia, is often observed as the initial clinical 
manifestation for patients diagnosed with young onset Parkinson’s Disease prior to initiation of levodopa therapy. 
Methods: We performed a retrospective chart review of patients currently followed by movement disorders 
neurologists within the OHSU Neurotoxin Injection Clinic over the last one year with identification of gender, age 
of motor symptom onset, treatment modalities, type of neurotoxin used, response rate defined as greater than or 
equal to three visits allowing for first time injections with subsequent dose titration, and reasons for discontinuation 
of chemodenervation. 
Results: 19 patients (11 females) with secondary limb dystonia were included. Mean age of PD motor symptom 
onset was 50 and mean age at time of diagnosis was 52. Foot dystonia was present in 18/19 patients. 2/19 elected to 
proceed with topical CBD treatment prior to neurotoxin injections. At time of study, 2/17 had just received their first 
injection. 12/15 remaining patients were deemed to be receiving benefit from chemodenervation based on an at least 
equal to or greater than 3 return visits conferring an 80% response rate. 3/15 did not continue injections after two 
visits given report of no benefit or response to alternate therapy. 
Conclusions: This review demonstrates that focal chemodenervation is an effective therapy for secondary limb 
dystonia, particularly foot dystonia, in patients with Parkinson’s Disease. As limb dystonia tends to occur more often 
in younger PD patients, providers should be more cognizant to evaluate for this as well as offer treatment with 
chemodenervation given its high response rate with limited adverse effect profile. Within our population, one 
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interesting finding was that several opted to either trial first or change to CBD therapy in lieu of neurotoxin 
injections. This concept may serve well for a future study evaluating efficacy of CBD in secondary limb dystonia in 
patients with Parkinson’s Disease. 
References: 1. J.K. Sheffield, J. Jankovic, Botulinum toxin in the treatment of tremors, dystonias, sialorrhea and 
other symptoms associated with Parkinson's disease, Expert Rev.Neurother. 7 (6) (2007) 637–647. 

1354 
PRRT2 mutations are associated with a wide intrafamilial ad interfamilial phenotypic variability 
M. Vizziello, R. Dilena, A. Giacobbe, E. Monfrini, G. Franco, A. Di Fonzo (Milano, Italy) 
Objective: To describe the different clinical syndromes associated with PRRT2 mutations in two different families 
Background: Mutations in the Proline-Rich Transmembrane Protein 2 (PRRT2) gene are associated with a wide 
phenotypic spectrum including Paroxysmal Kinesigenic Dyskinesia (PKD), benign infantile epilepsy (BIE), PKD 
with infantile convulsions, hemiplegic migraine and episodic ataxia. 
Methods: A neurologist with expertise in movement disorders collected familial and clinical history and performed 
neurological examination of the affected family members. EEG and brain MRI of the probands were performed 
Results: Family A [figure 1]: The PRRT2 R217Pfs*8 (NM_001256443 c.649_650insC) heterozygous mutation 
segregated with neurological disease in the family. Subject (A)III.1 presented infantile-onset epilepsy. The attacks, 
characterized by jaw and limb clonus and retained consciousness, lasted for 20’’ to 2’ with a frequency of up to 3 
times a day. The neurological examination between crises and the brain MRI were normal. (A)III.1 started a therapy 
with carbamazepine (CBZ) 10 mg/kg die, which induced total remission of seizures. Her mother ((A)II.2) was 
affected by PKD presenting dystonic crises triggered by movements and responsive to CBZ. Her grand-mother 
((A)I.2) was diagnosed with classical migraine, responsive to CBZ. 
Family B [figure 2]: The PRRT2 p.A211Sfs*14 (NM_001256442 c.629dupC) heterozygous mutation segregated 
with neurological disease in the family. Subject(B)II.2 presented episodes of dysphagia and choreoathetosis 
involving lower limbs and trunk lasting up to one minute; the episodes occurred 2-3 times per month and were 
triggered by fever and physical activity. The neurological examination between crisis and the brain MRI were 
normal. The EEG showed fronto-temporal slow and sharp-wave alterations on the left hemisphere. The mother, aged 
80 ((B)I.2), the sister, aged 56 ((B)II.3), and the son, aged 25 ((B)III.I) were affected with the same disorder 
Conclusions: PRRT2 mutations are associated with a wide range of phenotypic manifestations, such as episodic 
movement disorders, epilepsy, and migraine. Considering the intrafamilial variability reported here, all the 
phenotypic differences cannot be explained by the different causative mutations only. Many other factors, such as 
genetic modifiers and early environmental triggers, can be responsible for the wide clinical spectrum associated with 
PRRT2 mutations 
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Resting state functional connectivity changes in dystonia 
A. Vo, N. Nguyen, K. Schindlbeck, D. Eidelberg (Manhasset, NY, USA) 
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Objective: The objective of this study is to explore the changes in connectivity within the dystonia-related network 
space in hereditary and sporadic dystonia groups using graph theory [1-2] and resting state functional MRI (rs-
fMRI). 
Background: Neuroimaging techniques have advanced our understanding of the network abnormalities that 
underlie signs and symptoms of dystonia [3-4]. We have developed a method that uses independent component 
analysis to identify disease-related network in rs-fMRI [5-6]. Recently, we have applied the graph theory to imaging 
data to investigate the network architecture in disease [1-2,7]. However, it has not been addressed how interactions 
among key nodes of dystonia-related network are altered in hereditary (DYT1/DYT6) and sporadic dystonia 
patients. 
Methods: We studied 22 subjects with primary dystonia (10 hereditary dystonia and 12 sporadic dystonia) and 22 
healthy control subjects. All subjects underwent rs-fMRI imaging on a 3T GE MRI scanner. We identified dystonia-
related pattern (DytRP) according to the procedures in [5]. We next used graph theory method [1-2] to examine how 
the functional connections between individual DytRP network nodes are altered in dystonia groups. 
Results: We constructed a subgraph composed of 528 edges based on the 33 DytRP nodes. Of these, 20-21 
significant nodal connections changed in hereditary and sporadic dystonia groups. Both dystonia groups expressed 
high gain loops with positive feedback involving pons and cerebella-thalamo-cortical (CbTC) connections [Figure 
1A-2A], while they lost several inhibitory (negative feedback) CbTC circuits [Figure 1B-2B]. The hereditary 
dystonia exhibited high gain cortical-cortical feedback loops [Figure 1A] with increased cortical-striatal excitatory 
(positive feedback) activity [Figure 1A]. However the sporadic dystonia reduced excitatory activity in cortico-
striato-pallidal-thalamo-cortical pathways [Figure 2B]. 
Conclusions: Graph theory revealed connectivity changes in the dystonia groups. Hereditary dystonia was 
characterized by significant increases in positive connections in cortical-cortical and cortical-striatal projections 
relative to healthy controls. Both dystonia groups gained positive connections involving pons and CbTC circuits. 
Significant inhibitory cerebella-thalamo-cortical connectivity was seen in healthy subjects but not in either group of 
dystonia. The findings are consistent with previous connectivity studies conducted in this disorder. 
References: 1. Ko, J.H. (2018), ‘Network structure and function in Parkinson’s disease’, Cereb Cortex; vol. 28, no. 
12, pp. 4121-4135. 2. Niethammer, M. (2018), ‘Gene therapy reduces Parkinson's disease symptoms by reorganizing 
functional brain connectivity’, Sci Transl Med, vol.10, no. 469. 3. Lerner, R.P. (2013), ‘Understanding the anatomy 
of dystonia: determinants of penetrance and phenotype’, Curr Neurol Neurosci Rep, vol.13, no. 11, pp. 401. 4. 
Fujita, K. (2017), ‘Imbalance of the direct and indirect pathways in focal dystonia: a balanced view’, Brain, vol. 140, 
no. 12, pp. 3075-3077. 5. Vo, A. (2017), ‘Parkinson’s disease-related network topographies characterized with 
resting state functional MRI’, Hum Brain Mapp, vol. 38, no. 2, pp. 617-630. 6. Fujita, K. (2016), ‘Brain networks 
revealed by resting state functional MRI in familial and sporadic primary dystonia’ [abstract], Movement Disorders, 
vol. 31, no. suppl 2. 7. Vo, A. (2018), ‘Three-dimensional network architecture of dystonia in resting state functional 
MRI’ [abstract], The 2018 OHBM Annual Meeting, Singapore. June 17-21. 
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Central effects of botulinum neurotoxin injections in cervical dystonia – a longitudinal structural MRI-study 
D. Weise, C. Awissus, P. Baum, J. Classen, A. Villringer, P. Ragert, C. Weise (Leipzig, Germany) 
Objective: To investigate if cervical dystonia (CD) patients show structural grey matter changes and if these 
changes may be associated with previous botulinum neurotoxin (BoNT) treatment. 
Background: CD is not characterized by overt, but subtle (heterogeneous) structural brain changes using newer 
MRI techniques. Whether these changes are disease- or therapy-specific is not known. 
Methods: We examined 2 groups of 11 female CD patients each, one without previous (BoNT-naïve; age 53±8 
years (y); disease duration 2±3y) and one with previous BoNT injections (age 56±11y; disease duration 17±14y, 
BoNT-treatment for 10±7y). Both patient groups underwent structural 3 Tesla MRI on 3 occasions: Before (BoNT-
naïve group) and 12-14 weeks after their last BoNT treatment (BoNT-treated), respectively, 4 weeks and ~12 weeks 
following BoNT therapy. Furthermore 11 age-matched neurologically healthy female controls were included (age 
58±10 y). Morphometric analyses (VBM) were performed using SPM12 and the CAT12 Toolbox with non-
parametric and permutation-based tests (TFCE; dbm.neuro.uni-jena.de). 
Results: The 3 groups did not differ with respect to cognitive test performance (MoCA: BoNT-naïve 27.0±2.6 vs. 
BoNT-treated 25.8±3.2 vs. controls 27.7±2.2; p=0.26). No significant differences were found between the 2 patients 
groups with respect to CD severity (TWSTRS 39.8±11.8 vs. 34.0±7.9; p=0.10). VBM showed significant group 
differences FWETFCE<0.05) with smaller grey matter volume (GMV) in frontotemporal regions in the 2 CD groups 
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compared to controls. However, changes were much more widespread in the BoNT-treated compared to the BoNT-
naïve group and depended from longer BoNT treatment (or disease) duration. Both CD groups strongly differed in 
bilateral mesiotemporal GMV (BoNT-naïve>BoNT-treated). No short-term effects of BoNT were present. 
Conclusions: This study shows widespread structural brain changes in CD patients compared to controls. Our data 
suggest that frontotemporal changes may be associated with the dystonic phenotype, however, the observation of 
bilateral mesiotemporal GMV reduction in BoNT-treated vs. BoNT-naïve CD patients indicates distinct central 
long-term effects of continuous BoNT therapy. Alternatively, disease duration may be responsible for these 
mesiotemporal changes. 

1357 
A hexanucleotide repeat within a SINE-VNTR-Alu retrotransposon inserted in TAF1 modifies expressivity of 
X-linked dystonia-parkinsonism 
A. Westenberger, C. Reyes, G. Saranza, V. Dobricic, H. Hanssen, A. Domingo, B.-H. Laabs, A. Rakovic, P. Bauer, 
A. Rolfs, A. Münchau, L. Ozelius, R. Jamora, R. Rosales, C. Diesta, K. Lohmann, I. König, N. Brüggemann, C. Klein 
(Luübeck, Germany) 
Objective: To investigate the role of a hexanucleotide repeat within a SINE-VNTR-Alu (SVA) retrotransposon 
insertion in the TAF1 gene in modifying expressivity of X-linked dystonia-parkinsonism (XDP). 
Background: XDP is a neurodegenerative movement disorder likely caused by an SVA retrotransposon insertion in 
TAF1 in all patients (1, 2). Nevertheless, XDP patients show remarkable phenotypic variability. Recently, a 
(CCCTCT)n repeat within the SVA insertion has been reported as an age-at-onset (AAO) modifier in XDP (3). 
Methods: By genotyping, we determined the number of (CCCTCT)n repeats (RN) in 355 XDP patients and 
associated it with: AAO (n=295), initial clinical manifestation (n=294), site of dystonia onset (n=238), disease 
severity (n=28), and cognitive function (n=15). The study participants belonged to 76 families, allowing us to assess 
the germline RN instability. Furthermore, we analyzed post-mortem brain samples from two affected individuals. 
Results: RN showed significant inverse correlations with AAO and a positive correlation with disease severity and 
cognitive dysfunction. Importantly, AAO (and not the RN) was directly associated with whether dystonia or 
parkinsonism will manifest at onset. In comparison to patients affected by blepharospasm, RN was lower in 
individuals manifesting with mouth/tongue dystonia. RN was unstable across germline transmissions with an overall 
tendency to increase in length and exhibited somatic mosaicism in the brain. 
Conclusions: Our work reveals that the hexanucleotide repeat within the SVA insertion acts as a genetic modifier of 
disease expressivity in XDP. Our findings suggest that the repeat expansion in XDP is a potentially druggable target 
using similar approaches as are currently being followed in the field of repeat expansion disorders. 
References: 1. Rakovic A, Domingo A, Grütz K, et al. Genome editing in induced pluripotent stem cells rescues 
TAF1 levels in X-linked dystonia-parkinsonism. Mov Disord 2018;33. 2. Aneichyk T, Hendriks WT, Yadav R, et al. 
Dissecting the Causal Mechanism of X-Linked Dystonia-Parkinsonism by Integrating Genome and Transcriptome 
Assembly. Cell 2018;172:897-909.e21. 3. Bragg DC, Mangkalaphiban K, Vaine CA, et al. Disease onset in X-linked 
dystonia-parkinsonism correlates with expansion of a hexameric repeat within an SVA retrotransposon in TAF1. 
Proc Natl Acad Sci U S A 2017;114:E11020-E11028. 

1358 
After-effects Of Transcranial direct current stimulation (tDCS) On Hand Biomechanics In A Patient With 
Secondary Dystonia 
F. Yadolahi, M. Abedi (Tehran, Islamic Republic of Iran) 
Objective: The purpose of this study was to identify differences in kinematic arm motion after tDCS intervention 
based on principal component analysis that allows generating layers of subtle motions to capture unnatural repetition 
of movements in a case of secondary dystonia. 
Background: Secondary dystonia may be defined by involuntary, sustained muscle contractions which cause 
twisting and repetitive movements or abnormal postures. Secondary dystonia is usually due to neurological 
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conditions such as stroke, Parkinson disease, trauma or basal ganglia and the thalamus infarct, which can cause 
social incapacity and affect quality of life [1].There is now significant evidence for a loss of inhibition in the central 
nervous system (CNS), including the cortex, brain stem, and spinal cord which can be the essential cause of the 
functional abnormalities observed in dystonia [2]. Transcranial direct current stimulation (tDCS) is a promising 
method for neurorehabilitation after neurological disease. It is used to stimulate the brain and to modulate its 
function. However; the effectiveness of this approach on secondary dystonia has not been established [3]. Recently 
PCA has become a common method of reducing data dimensionality and to reveal underlying data structures in the 
field of biomechanics [4]. 
Methods: In this blinded-placebo controlled study, 10 sessions of bihemispheric tDCS was delivered to a patient 
suffering from secondary dystonia due to stroke. The patient received 10 consecutive daily sessions of 
bihemispheric tDCS (2mA, 20 min), via two(12 cm2) saline-soaked electrodes. PCA analysis was performed on data 
of joint angles using wireless sensors during human arm reaching movements. 
Results: The patterns of PCA after intervention reveals that tDCS provide the smoothest trajectory in motion  and 
small number of principal components, which is similar to the minimum jerk patterns.Some studies showed that the 
minimum jerk policy in joint angles could be an appropriate strategy for describing the smoothness of human 
motions. 
Conclusions: This is the first report to demonstrate a therapeutic trend after tDCS-supported therapy in secondary 
dystonia. This study set out to identify biomechanical features characterizing movement smoothness after 
intervention. Further research may provide the base information support the use of tDCS for neuroplasticity changes 
in secondary dystonia. 
References: [1] S. Fahn, S. Bressman, and C. Marsden, "Classification of dystonia," Advances in neurology, vol. 
78, p. 1, 1998.J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 2. Oxford: Clarendon, 1892, 
pp.68–73. [2 ]M. Hallett, "Neurophysiology of dystonia: the role of inhibition," Neurobiology of disease, vol. 42, 
no. 2, pp. 177-184, 2011. [3] S. Furuya, M. A. Nitsche, W. Paulus, and E. Altenmüller, "Surmounting retraining 
limits in Musicians' dystonia by transcranial stimulation," Annals of neurology, vol. 75, no. 5, pp. 700-707, 2014. 
[4] A. T. Wrigley, W. J. Albert, K. J. Deluzio, and J. M. Stevenson, "Principal component analysis of lifting 
waveforms," Clinical Biomechanics, vol. 21, no. 6, pp. 567-578, 2006. 

1359 
Describing Dystonia Phenomenology and Preliminary Treatment Response in Migraine Patients 
A. Yoo, S. Bobker, S. Broner, A. Lee, G. Auerbach, L. Klebanoff, M. Vo, H. Sarva (New York, NY, USA) 
Objective: To describe dystonia phenomenology and preliminary pain response to toxin therapy in a single-center 
migraine cohort. 
Background: The co-existence of headache and craniocervical dystonia (CCD) and treatment response with 
botulinum toxin A (BoTNA) were described in seven studies. Of the reported 380 subjects, 84 had comorbid CCD 
and migraine and demonstrated improvement with BoTNA. Emphasis was placed on describing headache location 
and characteristics with only 16 of the 380 subjects described as having a “no-no” dystonic tremor.  Here we 
describe dystonia phenomenology and preliminary toxin response in a migraine cohort. 
Methods: Partial retrospective chart review of migraine patients referred to movement disorders center for 
evaluation of co-existing, untreated dystonia.  Described phenomenology and quantified dystonia severity with 
TWSTRS. Prospectively following clinical response to dystonia treatment and report preliminary findings. 
Results: All 31 migraine patients had CD (27 females, 4 males, mean age 49.4, SD 13.4); 29 developed migraines 
first.  Nineteen of 29 (65.5%) developed migraines prior to CD by a mean of 10.8 years (SD 11.6). All had 
laterocollis and 17 had torticollis. Twenty-five (81%) had isolated CD and 6 (19%) had segmental dystonia (one 
Meige, five neck and arm dystonia). Eight had head tremor (26%). Only 11 (35%) reported headaches ipsilateral to 
dystonia. In 25 (81%), CD pain triggered migraines. TWSTRS Severity Scale section scores ranged from 12/35 to 
24/35 at baseline. Twenty-nine received individualized BoTNA treatments based on symptoms.  Five TWSTRS at 
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six months follow up demonstrated: improvement (3); unchanged (1); worsening (1). Two of three who improved 
noted a decrease in headache severity but not frequency. 
Conclusions: This single-center cohort of migraine patients with CD suggests: migraine commonly precedes CD 
development; isolated CD is the most common form of dystonia; laterocollis was the most frequent CD phenotype; 
dystonic head tremor is uncommon; and CD may be an important trigger for migraine worsening.  Few experienced 
headaches ipsilateral to the dystonia thus making early diagnosis of CD in these patients challenging. Further studies 
are needed to confirm our results.  Neurologists who care for these patients should be aware of this co-morbidity and 
treat accordingly for better patient outcomes. 
References: 1. Bezerra, M. E. and Rocha‐Filho, P. A. (2017), Headache Attributed to Craniocervical Dystonia – A 
Little Known Headache. Headache: The Journal of Head and Face Pain, 57: 336-343. doi:10.1111/head.12996 2. 
Hulzenga, M. A., Beumer, D., and Koehler, P. J. (2017). Dystonic Head Tremor and the Coexistence of Headache. 
Tremor and other hyperkinetic movements (New York, N.Y.), 7, 485. doi:10.7916/D8BR94Q6 3. Winner, P. K., 
Sadowsky, C. H., Martinez, W. C., Zuniga, J. A. and Poulette, A. (2012), Concurrent OnabotulinumtoxinA 
Treatment of Cervical Dystonia and Concomitant Migraine. Headache: The Journal of Head and Face Pain, 52: 
1219-1225. doi:10.1111/j.1526-4610.2012.02164.x 

1360 
Biallelic ZNF142-null mutations in patients with early-onset generalized dystonia 
M. Zech, M. Skorvanek, V. Han, P. Dosekova, Z. Gdovinova, M. Wagner, R. Berutti, T. Strom, P. Havránková, A. 
Fečíková, F. Laccone, R. Jech, J. Winkelmann (Munich, Germany) 
Objective: To identify a novel genetic factor contributing to the phenotypic expression of early-onset generalized 
dystonia. 
Background: To date, only about 20-30% of cases with generalized dystonia can be solved molecularly, indicating 
that additional genetic etiologies remain to be discovered. Determining new genetic causes of dystonia is of 
tremendous importance for defining underlying molecular pathways and translating mechanistic insights into 
clinical care. 
Methods: We performed in-depth clinical phenotyping for three case subjects with infancy-onset generalized 
dystonia from two independent families (families 1 and 2). Analysis of whole-exome sequences was undertaken in 
affected and unaffected family members, including a comprehensive search for known and potentially novel 
dystonia-associated variants. To evaluate the role of the prioritized variant-harboring gene, we thoroughly 
interrogated online data repositories. 
Results: Whereas our cases harbored no clearly pathogenic variants in known dystonia-causing genes, our filtering 
strategy enabled the prioritization of deleterious biallelic alterations – a homozygous nonsense variant (p.Arg1059X; 
family 1) and two compound heterozygous frameshift variants (Lys273GlufsX32, p.Cys431LeufsX11; family 2) – in 
ZNF142, a gene not previously implicated in human disease. All variants were expected to introduce premature 
termination codons, predictive of complete loss of ZNF142 function in the dystonia cases. ZNF142 encodes a 
Cys2His2-type zinc finger transcription factor, with highest expression reported in the brain, specifically the 
cerebellum. Suggestive of an indispensable role for ZNF142 in the nervous system, mouse mutants with 
homozygous ablation of the orthologous locus (Zfp142) are reported to display significant neurological impairment. 
Clinically, our cases demonstrated generalized dystonic movements involving the extremities, trunk, and 
craniocervical regions, accompanied by speech problems, ataxia, and variable intellectual disability. 
Conclusions: Our data suggest that deficiency of a ZNF142-encoded transcriptional regulator is an excellent 
candidate for disease causation in generalized dystonia. We would like to share our findings with the Movement 
Disorders community in order to promote the identification of additional individuals with biallelic ZNF142 
mutations and confirm ZNF142 as a new dystonia-linked gene. 
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Atypical presentation of Dopa-responsive dystonia- late onset with severe swallowing difficulty 
C. Zhao, L. Li, H. Li, J. Zhang (Jinan, China) 
Objective: To learn about atypical presentation of Dopa-responsive dystonia (DRD) and give correct diagnose in 
time. 
Background: DRD compasses a group of clinically and genetically heterogeneous disorders that typically manifest 
as limb-onset, diurnally fluctuating dystonia and exhibit a robust and sustained response to levodopa treatment. But 
there is many atypical clinical features or atypical onset pattern underlie DRD frequently leads to misdiagnosis, 
which delays the appropriate treatment with levodopa. 
Methods: Case report. 
Results: A 41-year right-handed female presented with swallowing difficulty for about one and a half year. One and 
a half year ago she began to chew involuntarily and her teeth hurt very seriously. Her tongue moved involuntarily 
like chorea. She couldn’t swallow solid food and liquid at night and she described like sticky and block sensation in 
the larynx. In the morning swallowing was better with some liquid.The problem progressed gradually and became 
very severe 1 year ago. Her teeth wore down and lost many because of uncontrolled chewing movement. She lose 
weight and got gastric tube a half year ago. Examination showed mild parkinsonism symptom in the limbs and 
remarkable oromandibular dystonia. Beuroacanthocytosis (NA) and HSD were considered,we gave her gene test. 
But we got unexpected GCH1 gene heterozygous mutation with c.239G>A chr14-55369143 p.S80N which was first 
reported in China. Dopa-responsive dystonia was considered. Low dose of levodopa (0.125mg per day) ameliorated 
involuntary chewing and tongue movement but swallowing was not better. DRD was diagnosed. 
Conclusions: This report present a rare case of DRD which is late onset, progressive swallowing difficulty as main 
problem with oromandibular dystonia. Our case widen the clinical spectrum of DRD. 

Spasticity 

1362 
Associated movements disorders to Hereditary Spastic Paraplegia (HSP) in a case series from South Spain 
A. Adarmes Gómez, S. Jesús Maestre, D. Macías García, C. Méndez Del-Barrio, R. Martin, F. Carrillo García, P. 
Gómez Garré, P. Mir Rivera (Seville, Spain) 
Objective: Describe different movement disorders associated with HSP in a series from the south Spain. 
Background: HSP englobe a heterogeneous group of diseases. Different movement disorders have been associated; 
nevertheless, considered a rare clinical manifestation. 
Methods: We selected patients with HSP assessed by schematical study protocol, analizing clinical and radiological 
features, correlated with molecular diagnosis. 
Results: We recruited 38 patients from 29 families, with a mean age of onset of 29.16 ±18.38 y, sex predominance 
male (60.55%), wih early onset in a 68.5% of cases (under 40y). Mean years of evolution of disease 21.16 ±14.05 y. 
Positive familiar history in 55.9% of cases, inheritance pattern: Autosomal dominant (AD) 47.4%, autosomal 
recessive (AR) 28.9%. Pure HSP 63.2%, while 36.8% presented complicated HSP. We have reach to the molecular 
diagnosis in 68.4% of cases: SPG4 (n=14), SPG10 (n=4), SPG54 (HSP-DDHD2) (n=3), SPG11 (HSP- KIAA1840) 
(n=2), SPG46 (HSP/ATX-GBA2) (n=1). A 18.4% associated other movement disorders such: dystonia 13.2%, 
tremor 10.5%, parkinsonism 2.6% (SPG11), myoclonus 2.6% (SPG54). The majority of them (71.4%) showed and 
early onset, and were predominantly associated with AR inherence pattern (57.1%). A 47.9% of the cases with 
movement disorders showed thin corpus callosum in cranial MRI. Additionally, in 7.5 % of all cases was also 
present cerebellar ataxia, showing cerebellar atrophy in the cranial MRI. 
Conclusions: Movement disorders are presented in a reduce number of cases of HSP, implicating complicated 
phenotype, associated with an AR pattern in the majority of cases. They should be consider as relevant clinical sings 
to take into account in the diagnosis approach, especially if there are link to abnormal radiological findings. 
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1363 
Comparative Study of Dry Needling under Ultrasound Guidance and Extracorporeal Shock Wave Therapy 
for Myofascial Pain and Spasticity Management 
R. Bubnov, L. Kalika (Kyiv, Ukraine) 
Objective: The aim was to conduct comparative study of using dry needling under ultrasound guidance vs ESWT 
for detecting MTrP and myofascial pain and spasticity treatment. 
Background: Dry needling (DN) of myofascial trigger points (MTrP) under ultrasound (US) guidance is a 
prioritized method for treatment myofascial pain [1] and restoring posture [2] and is effective in management 
various types of spasticity [3]. Extracorporeal shock wave therapy (ESWT) is supposed to alleviate myofascial pain. 
Comparison of efficacy of DN-US and ESWT has not been studied yet. 
Methods: We included 40 patients, 12 females, 27-63 years clinically diagnosed chronic low back pain. All patients 
underwent general exam, including MRI, precise physical tests and functional ultrasound. We used ESWT for 
detecting area of potential MTrP using Storz Medical DUOLITH® SD1 Ultra. Then patients were assigned to: 
group 1 patients received DN of MTrP under US guidance according to approach by R.Bubnov [1]; group 2 received 
ESWT only. VAS 0-10 scores were measured in all patients before, 1, 24 hours, 7 days after intervention. 
Results: In 55% cases with positive subjective response at areas of ESWT probe position correctly indicated 
clinically relevant MTrP / spasticity, however, precise detection of MTrP to performs guidance of deep needling was 
not feasible. Pain relief in groups 1 VAS scores changed from 7.4 to 2.3 (p <0.05) immediately after and remained 
24 hours after in all cases. US demonstrated improvement muscle structure, increasing motility, contractility. In 
ESWT group VAS improved from 7.2 to 5.2 immediately after, and relapsed after intervention. Signs of inactivation 
trigger points, motion recovery were not recognized. 
Conclusions: ESWT has fair level of detecting MTrP, short-term effect in ameliorating myofascial pain, and does 
not improve local muscle motility in low back pain. ESWT can be included to protocols of management various 
types of pain and spasticity, however, further studies to validate efficacy are required. 
References: 1. Bubnov RV. Evidence-based pain management: is the concept of integrative medicine applicable? 
EPMA J 2012, 3(1):13. 2. Bubnov R, Kalika L, Babenko L. AB1199 Dynamic ultrasound for multilevel evaluation 
of motion and posture in lower extremity and spine. Annals of the Rheumatic Diseases 2018;77:1699. 
http://dx.doi.org/10.1136/annrheumdis-2018-eular.3949 3. Bubnov RV: Ultrasonography for local muscle spasticity 
management. Mov Disord 2012, 27(Suppl 1):336. 

1364 
OnabotulinumtoxinA treatment in adults with spasticity reduces caregiver burden: Results from the ASPIRE 
study 
A. Esquenazi, A. Ellenbogen, G. Wittenberg, K. Ngo, J. Largent, A. Zuzek, G. Francisco, W. Jost (Elkins Park, PA, 
USA) 
Objective: To examine the impact of onabotulinumtoxinA treatment in adult patients with spasticity on caregiver 
burden over 2 years from the Adult Spasticity International Registry (ASPIRE). 
Background: ASPIRE is an international, multicenter, prospective, observational registry (NCT01930786) 
examining adults with spasticity who were treated with onabotulinumtoxinA per clinician discretion. 
Methods: Assessments included the 15-item Bakas Caregiver Outcomes Scale (BCOS; self-reported at enrollment 
and 5±1 weeks following patient treatment). 
Results: 730 patients received ≥1 dose of onabotulinumtoxinA. Patients were, on average, 53.6 years old (range: 
18.5–93.2 years); 52% were female, 77% white, and the majority had moderate to severe spasticity at baseline. 37% 
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(n=269) were naive to botulinum toxins for treatment of spasticity. For the naive patient population, 122 associated 
caregivers completed the BCOS at baseline. Caregivers were, on average, 58.2 years old (range: 26.9–90.7 years); 
61% were female, and 72% Caucasian. The majority of caregivers were the spouse or live-in partner of the patient 
(60%) or were another family member (33%). Approximately half of the caregivers were employed (39% full-time, 
11% part-time) and approximately one-third (34%) were retired. In comparison with their BCOS scores at baseline, 
caregivers (n=24; post-treatment 2) reported statistically significant improvements (p<0.05) in the categories of time 
for family activities, level of energy, emotional well-being, time for social activities with friends, and general health 
following onabotulinumtoxinA treatment for the patient. 
Conclusions: In ASPIRE, caregivers of patients treated with onabotulinumtoxinA for spasticity reported less 
burden. Reduced burden was associated with an increase in caregiver quality of life, as indicated by increased time 
for family and friends, more energy, and improvements in emotional and general health. ASPIRE provides valuable, 
real-world data on onabotulinumtoxinA utilisation and effectiveness in patients, as well as the impact of treatment 
on caregiver burden. These results demonstrate the value of onabotulinumtoxinA for the treatment of spasticity in 
clinical practice. 

1365 
Clinical Characteristics that Impact OnabotulinumtoxinA Treatment Adherence in Patients with Spasticity 
from ASPIRE 
A. Esquenazi, W. Feng, G. Wittenberg, P. Gallien, A. Baricich, K. Fanning, A. Zuzek, G. Francisco, D. Bandari 
Objective: To identify patient demographics and clinical characteristics that impact onabotulinumtoxinA treatment 
adherence from the Adult Spasticity International Registry (ASPIRE) study. 
Background: A better understanding of factors that impact onabotulinumtoxinA treatment adherence can help 
better define clinical strategies to manage spasticity. 
Methods: Multicenter, international, prospective, observational registry (NCT01930786). Adult patients with 
spasticity across multiple etiologies were treated with onabotulinumtoxinA at their clinician’s discretion over 2 
years. A clinically meaningful threshold for treatment adherence was used for this analysis. Treatment adherent was 
defined as patients receiving ≥3 treatment sessions with onabotulinumtoxinA during the 2-year period; non-adherent 
was defined as patients receiving ≤2 treatment sessions. Patient demographics and clinical characteristics were 
assessed using univariate logistic regression. Data are presented as odds ratios (OR) with 95% confidence intervals 
(CI). 
Results: Of the total patient population in ASPIRE (N=730), 523 patients (71.6%) were categorized as treatment 
adherent and 207 patients (28.4%) as non-adherent. On average, adherent patients received 5.3 (SD:1.6) treatment 
sessions, non-adherent patients received 1.5 (SD:0.5). Patients with traumatic brain injury (TBI; 57.8%) were less 
likely to be adherent than patients with other underlying etiologies (72.6%; OR:0.52, CI:0.28-0.96; P=0.036). While 
patients with cerebral palsy (80.5%) trended towards more likely to adhere compared to other etiologies (70.6%; 
OR:1.72, CI:0.96-3.10; P=0.070). Additionally, patients naïve to botulinum toxins for spasticity were less likely to 
adhere to treatment than non-naïve patients (63.6% vs. 76.4%, respectively; OR:0.54, CI:0.39-0.75; P<0.001). 
Patient characteristics that did not impact treatment adherence included age, gender, and pattern or severity of 
spasticity. 
Conclusions: This preliminary analysis from ASPIRE suggests that TBI patients or those naïve to botulinum toxins 
for spasticity are at increased risk of treatment non-adherence. Further analysis of risk factors that impact 
onabotulinumtoxinA treatment adherence can help optimize spasticity management strategies to improve long-term 
patient care. 
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1367 
Goal setting for botulinum toxin injections: Impact of the Upper Limb International Spasticity (ULIS) 
programme 
K. Fheodoroff, S. Ashford, J. Jacinto, A. Brashear, P. Maisonobe, A. Lysandropoulos, L. Turner-Stokes (Hermagor, 
Austria) 
Objective: The Upper Limb International Spasticity (ULIS) programme is a series of observational cohort studies 
across >30 countries. This analysis explores changes in goal setting and achievement between the second and third 
stages of the programme (ULIS-II and ULIS-III studies) to explore how the process of goal setting has evolved in 
long-term spasticity management. 
Background: The ULIS programme has been ongoing since 2008 and its focus on systematic evaluation of 
individual goal achievement has helped lead to important changes in clinical practice. Throughout the programme 
we have progressively refined the approach to outcome measurement. 
Methods: ULIS-II (NCT01020500) followed 456 post-stroke patients over a single BoNT-A cycle. ULIS-III 
(NCT02454803) examined outcomes from repeated BoNT-A cycles over 2 years in 1004 patients (various 
aetiologies). Each phase of the programme is supported by investigator training. We present ULIS-II data for all 
patients and preliminary ULIS-III data for the first cycle in 807 patients. 
Results: Study comparisons showed progress in the types of goals set. Whereas the frequency of primary goals 
increased for pain (from 13.4% in ULIS-II to 25.3% in ULIS-III), reduction of involuntary movement (from 9.0% to 
13.3%) and passive function (from 28.9 to 30.7%), rates of goal setting decreased for active function (from 22.8% to 
15.0%) and range of movement (from 23.0% to 13.9%). Patterns of injection evolved in line with goal setting. For 
example, the rate of shoulder injections increased from 32.0% to 39.4%, mainly reflecting the increased recognition 
of pain as a primary goal. Overall rates of goal achievement fell from 79.6% in ULIS-II to 69.4% in ULIS-III, 
reflecting a tighter definition of goals. 
Conclusions: Over the past decade, the ULIS programme provides a description of the evolution of routine 
spasticity management as clinicians develop how they support their patients setting relevant and achievable 
treatment goals. 

1368 
AbobotulinumtoxinA: evidence for long duration of response 
K. Foster, A. Lysandropoulos, P. Picaut (Abingdon, United Kingdom) 
Objective: To assess clinical treatment intervals and duration of response for abobotulinumtoxinA in the 
management of pediatric and adult spasticity and assess preclinical data that might explain differences in the clinical 
profiles of botulinum toxin-A (BoNT-A) products. 
Background: BoNT-A is recommended as a first-line treatment for patients living with spasticity. Guidelines 
recommend treatment no more frequently than every 12 weeks. However, many patients experience waning of effect 
with symptom recurrence in the final weeks of each injection cycle. 
Methods: We assessed currently available clinical evidence on duration of response in patients treated with 
abobotulinumtoxinA from pivotal trials in adults with upper limb or lower limb, or children with lower limb 
spasticity. Flexible study designs allowed patients to be reinjected after Week 12 according to clinical need. Data 
from recent non-clinical investigations into BoNT-A characteristics were also reviewed to investigate why 
differences in duration may be observed. 
Results: At doses tested, a long duration of response was observed. Pivotal trials of abobotulinumtoxinA reveal a 
large proportion of patients did not require retreatment for >12 weeks (% patients injected Week-16 or later: adult 
upper limb: 35%; adult lower limb: 20.1%; pediatric lower limb: 74.0%).For certain outcomes, efficacy was dose 
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dependent, though not assessed for duration. Pre-clinical research has established BoNT-A duration of response to 
be dose-dependent. Research showed no differences in relative molecular activity of BoNT-A products, but 
significantly more active neurotoxin in abobotulinumtoxinA (at total FDA recommended doses for adult upper and 
lower limb spasticity and total tested doses for pediatric lower limb spasticity) than either onabotulinumtoxinA or 
incobotulinumtoxinA. 
Conclusions: AbobotulinumtoxinA, when dosed optimally, offers patients a long duration of response. This may 
give patients sustained symptom relief between injections and decrease the chance of patients experiencing a waning 
of effect before the next injection can be provided. We hypothesize that clinically observed long duration of 
response with abobotulinumtoxinA is a result of the amount of active BoNT-A. 
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1370 
Guided Self-rehabilitation Contracts combined with simultaneous injections of abobotulinumtoxinA into 
upper and lower limbs in spastic hemiparesis: baseline data from the ENGAGE study 
J.-M. Gracies, G. Francisco, R. Jech, S. Khatkova, C. Rios, P. Maisonobe (Créteil, France) 
Objective: To report baseline data from ENGAGE, an international phase 3b/4, prospective, single-arm, open-label 
study (NCT02969356) conducted in France, the Czech Republic, Russia and the USA. 
Background: The ENGAGE study assessed effects of Guided Self-rehabilitation Contracts (GSC) combined with 
co-injection of abobotulinumtoxinA (aboBoNT-A) into the upper (UL) and lower limbs (LL) on active movements, 
in patients with chronic hemiparesis resulting from acquired brain injury. GSCs are a diary-based and antagonist-
targeting strategy, in which therapists identify target muscles against which to prescribe patients daily, home-based 
self-stretching and active training programmes. 
Methods: Patients with spasticity, stratified with UL or LL as primary treatment target (PTT), received 2 
consecutive injections of aboBoNT-A 1500 U across PTT and non-PTT limbs, together with personalised GSC. 
Primary efficacy endpoint was the proportion of responders in the PTT (improvement in composite active range of 
motion [CXA] of ≥35 or 5 in UL or LL, respectively) at Cycle 2 Week 6. 
Results: Of 160 patients enrolled, 157 were included in the safety population, 153 in the intention-to-treat (ITT) 
population and 136 in the modified ITT population (mITT) (Figure 1). Baseline characteristics are presented in 
Table 1: 91% of patients had experienced stroke; median time since brain injury was 4.5 years. The proportion of 
patients split by PTT was 52% versus 48% for UL and LL, respectively. 74% of patients were GSC-naïve and 27% 
were naïve to botulinum toxin (BoNT) for both UL and LL spasticity (34% UL-naïve; 58% LL-naïve). Baseline 
aboBoNT-A doses administered were 1000 U in PTT, regardless of whether the PTT was UL or LL (Table 2). 
Degree of CXA in UL or LL at baseline is presented in Table 3. Some variability between countries was observed in 
baseline data, especially in CXA, which seemed to be higher in the LL of patients from the Czech Republic and 
lower in those from Russia, and higher in the UL of patients from the USA. 
Conclusions: The ENGAGE study will provide insights into the safety and efficacy of the combination of GSC with 
aboBoNT-A, simultaneously injected into UL and LL, in adults with spastic hemiparesis. 
 
[figure1 ] [table1] [table2] [table3] 
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1371 
The effect of Guided Self-rehabilitation Contracts combined with simultaneous injections of 
abobotulinumtoxinA into upper and lower limbs on voluntary movements in adults with spastic hemiparesis 
J.-M. Gracies, G. Francisco, R. Jech, S. Khatkova, C. Rios, P. Maisonobe (Créteil, France) 
Objective: To report primary outcomes from ENGAGE, an international phase 3b/4, prospective, single-arm, open-
label study (NCT02969356). 
Background: ENGAGE assessed effects of Guided Self-rehabilitation Contracts (GSC) alongside co-injection of 
abobotulinumtoxinA (aboBoNT-A) into upper (UL) and lower limbs (LL) on active movements in adult patients 
with chronic hemiparesis resulting from acquired brain injury. GSC are a diary-based and antagonist-targeting 
strategy, in which therapists identify target muscles against which to prescribe patients daily home-based self-
stretching and active training programmes. Voluntary movements were measured using a goniometer to determine 
composite active range of motion (CXA), a tool that correlates with functional outcomes. 
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Methods: Patients with chronic spastic hemiparesis, stratified with UL or LL as primary treatment target (PTT), 
received personalised GSC together with 2 consecutive injections of aboBoNT-A 1500 U across PTT and non-PTT 
limbs. Primary efficacy endpoint was proportion of responders in the PTT (improvement in CXA of ≥35° or 5° in 
UL or LL, respectively) at Cycle 2 Week 6. 
Results: Of 160 patients enrolled, 153 received treatment and were included in the intention-to-treat (ITT) 
population (mean [SD] age, 52.9 [12.6] years; aetiology, 90.8% stroke) and 134 completed the study (Figure 1). The 
proportion of patients split by PTT was 52.3% versus 47.7% for UL and LL, respectively. In the modified ITT 
population (n=136), mean (SD) overall compliance to GSC was 92.8% (9.9) and 98 patients (72.1% [95% CI 64.0, 
78.9]) achieved the primary efficacy endpoint. A greater responder rate was observed in patients with LL as PTT 
(83.1% [95% CI 72.0, 90.5]) versus those with UL as PTT (62.0% [95% CI 50.3, 72.4]). Mean (SD) CXA increased 
from 141.6° (33.7) at baseline to 162.6° (28.1) at last study visit in LL, and from 318.8° (118.3) to 368.0° (112.8), 
respectively, in UL (Figure 2). Safety data were in line with the known profile of aboBoNT-A; 78 (49.7%) patients 
reported treatment-emergent adverse events (Table 1). 
Conclusions: In this single-arm, open-label study in patients with chronic spastic hemiparesis, the combination of 
GSC with aboBoNT-A simultaneously injected into UL and LL is associated with improvement of CXA. 
[figure1] [figure2] [table 1] 
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1372 
Is teleneurology effective in screening for spasticity? 
K. Harper, B. Eoff, F. Phibbs, D. Isaacs, S. Gallion, E. Thomas, J. Scott, M. Hacker, D. Charles (Nashville, TN, 
USA) 
Objective: To test the effectiveness of teleneurology for spasticity screening. 
Background: Spasticity is underdiagnosed and can pose significant problems when not treated. Unfortunately, 
according to a 2013 Association of American Medical Colleges Center for Workforce Studies report, the ratio of 
neurologists to patients in Tennessee is 1:28,567. Teleneurology is widely deployed to address the shortage of 
specialist physicians in community and rural settings. To test the effectiveness of utilizing teleneurology to screen 
for spasticity, movement disorders neurologists used hand-held technology facilitated by a bedside nurse to remotely 
screen for the signs or symptoms of spasticity in residents with intellectual disabilities residing in a long-term care 
facility. 
Methods: In-person examinations of residents (n=17) with intellectual disabilities residing in a long-term care 
facility were performed by a movement disorders neurologist to determine the presence of spasticity. After the in-
person exam, two different movement disorders neurologists independently connected via telehealth technology to a 
bedside nurse facilitating an abbreviated screening examination for signs or symptoms suggesting the possible 
presence of spasticity. 
Results: The two telehealth neurology examiners had a sensitivity of 73% and 82%, a negative predictive value 
(NPV) of 63% and 71%, and a specificity and positive predictive value (PPV) of 100% in the identification of 
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spasticity. There was almost perfect agreement between the two telehealth neurologists (Kappa = 0.88, 95%CI 0.64-
1.00). One participant withdrew consent and was not included in these analyses. 
Conclusions: Screening patients with intellectual disabilities for spasticity utilizing teleneurology demonstrated 
high sensitivity and NPV, as well as perfect specificity and PPV. Our findings suggest that teleneurology is a 
reliable mechanism that could aid in identifying individuals who would benefit from referral for evaluation and 
treatment of spasticity. Additional research with a larger subject population is needed to validate these findings. 

1373 
OnabotulinumtoxinA Reduces Disability in Treatment-Naive Adult Patients with Spasticity: Results from the 
ASPIRE Study 
W. Jost, A. Ellenbogen, G. Wittenberg, K. Ngo, J. Largent, A. Zuzek, G. Francisco, A. Esquenazi (Wolfach, 
Germany) 
Objective: Examine real-world onabotulinumtoxinA utilization and effectiveness over 2 years in patients naive or 
non-naive to botulinum toxins for spasticity from the Adult Spasticity International Registry (ASPIRE) study. 
Background: ASPIRE is an international, multicenter, prospective, observational registry (NCT01930786) 
examining adults with spasticity treated with onabotulinumtoxinA per clinician discretion. 
Methods: Assessments included onabotulinumtoxinA utilisation (each visit), disability assessment scale (DAS; each 
visit), and clinician (next visit)/patient (5±1 weeks post-treatment) satisfaction. 
Results: 730 patients received ≥1 dose of onabotulinumtoxinA. Patients were, on average, 54 years old; 52% were 
female, 77% white, and the majority had moderate to severe spasticity at baseline. 37% (n=269) were naive to 
botulinum toxins for spasticity. Across all treatments, mean cumulative doses of onabotulinumtoxinA in the upper 
limb (UL) and lower limb (LL) were lower in treatment-naive patients (888.6U and 962.2U, respectively) than in 
non-naive patients (1262.2U and 1197.2U). Across all treatments, clinicians made more adjustments at the 
subsequent visit to onabotulinumtoxinA dose and muscles targeted in treatment-naive (46% and 42%, respectively) 
versus non-naive (38% and 32%) patients. Treatment-naive patients showed improvement from baseline on all DAS 
subscales following onabotulinumtoxinA treatment, with a mean cumulative change of -1.7 for both UL and LL. 
DAS scores in non-naive patients changed by -0.9 and -0.7, respectively. Overall, ≥93% of clinicians and ≥85% of 
patients reported being extremely satisfied/satisfied that treatment helped manage spasticity. 261 patients reported 
831 adverse events (AEs); 23 AEs in 20 patients were considered treatment-related. 94 patients reported 195 serious 
AEs; 3 serious AEs in 2 patients were considered treatment-related. No new safety signals were identified. 
Conclusions: The ASPIRE study results demonstrate that treatment paradigms for treatment-naive and non-naive 
patients differ regarding dosing, reassessment of muscles targeted, and disability outcomes. This study captures the 
individualised nature of onabotulinumtoxinA utilisation for spasticity, while demonstrating its safety and 
effectiveness in clinical practice. 

1374 
Successful late rehabilitation based on botulinum therapy 
T. Kuznetsova, A. Svetkina (Samara, Russian Federation) 
Objective: Hemiparesis of various severity is the most common stroke side effect. On average 30-40% of stroke 
survivors develop post-stroke spasticity. The best neuroplasticity enabling full functional recovery is preserved 
within 3 months after stroke; afterward rehabilitation is widely considered inefficient. This case study breaks down 
the stereotypical time frame of efficient rehabilitation and describes high brain neuroplasticity many years after 
CVA. 
Background: In 2002 a 23-year-old patient developed a MCA stroke (caused by primary APS) with severe speech 
(Broca’s aphasia) and movement (right-sided spastistic hemiparesis) disorders. During the following 13 years the 
patient has undergone numerous speech and physical therapy courses, however, these only provided short-term 
relief with no significant neurological improvement. 
In 2015 the patient was first complexly assessed with the following baseline results: neuropsychological status (J.M. 
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Grozman scale, 0 [best] to 4 [worst]): dynamic praxis – 3, propositional speech – 2,5, non-propositional speech – 
2,5, speech perception – 1; Frenchay arm test – 1, pain intensity (VAS scale) – 8, functional status (FIM scale) – 54. 
Methods: The 3-year treatment course included ultrasound-guided botulinumtoxinA injections into spastic muscles 
every 4 months combined with daily speech therapy and physical exercises suggested in Guided Self-Rehabilitation 
concept by J.-M. Gracies. 
Results: Follow-up assessment in 2016 revealed substantial progress in neuropsychological status. The patient 
regained simple-structured language skills. Paralyzed limbs exhibited improved motor function, long-term pain in 
the paresis shoulder ceased. Due to enhanced movement control the patient was able to go swimming and took 
prizes in nationwide  contests.Second follow-up in 2018 showed even more progress by all scales, with enhanced 
fine motor skills and phrase speech. The patient was able to read simple words, speech perception impairment 
reduced. 
[table1] 
Conclusions: Treatment results in this case cannot be attributed to spontaneous recovery. Speech recovery was 
based on relation between voluntary movement disorder and motor speech disorder caused by Broca’s aphasia. 
BotulinumtoxinA-treatment contributed to patient’s well-being and pain relief which led to increase in motor 
function and consequently to speech rehabilitation 16 years after the stroke. This proves long-term brain 
neuroplasticity enabling late recovery after acute CVA. 

 

1375 
Hereditary spastic paraplegia 11 is easy to be misdiagnosed as adult metachromatic leukodystrophy 
S. Park, A.R. Kim, N. Kim, W.Y. Park, J.S. Kim, E.S. Oh (Seoul, Republic of Korea) 
Objective: To report a case of a 32-year-old woman with progressive spastic paraparesis who was misdiagnosed 
initially as adult onset metachromatic leukodystrophy (MLD). 
Background: MLD is an autosomal recessive lysosomal storage disorder caused by the deficiency of arylsulfatase 
A (ARSA). In adult form, the initial symptoms are often manifested psychiatric symptoms and behavioral 
abnormalities followed by motor signs, such as spastic paraplegia, cerebellar ataxia. An important tool in 
establishing the diagnosis of MLD is brain magnetic resonance imaging (MRI), which shows a bilateral symmetric 
periventricular white matter changes predominantly in the frontal regions. 
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Methods: A 32-year-old woman presented with 3-year history of progressive gait disturbance and unsteadiness 
during walking. She was diagnosed with schizophrenia in psychiatry a few months ago. Since the age of 16, her gait 
gradually became worse and barely walked with help. Even then, she didn’t complain of cognitive impairment, but 
memory problem was worsened slowly. She had emotional change frequently and very labile affect recently. She 
showed wide-based and spastic gait with weakness of distal lower limbs. She presented parkinsonism such as 
hypomimia, bradykinesia, dysarthria and dysmetria of upper limbs. 
Results: Thyroid function test, RPR, anti-HIV, cupper, ceruloplasmin, vitamin E, B1, B12 were normal. CSF 
profiles were in normal range and whole spine MRI, somatosensory evoked potential (SEP) were normal. Brain 
MRI showed bilateral, symmetrical increased T2 signal intensity in the post periventricular and deep white matter 
and thinning of anterior corpus callosum in sagittal T2 weighted image. Additionally, ARSA activity was checked 
twice and observed lower normal range, 0.54, 0.58 (nmol/min/mg, reference range 0.50~2.00). Whole exome 
sequencing (WES) and later Sanger study among her family was done. The homozygote splicing region 
(c.5866+1G>A) in chromosome 15 was detected. This patient was initially thought as adult MLD because of 
definite psychiatric symptoms, white matter lesion of brain MRI and low range of ARSA activity, but finally 
confirmed as spastic paraplegia 11 in WES. 
Conclusions: When the clinician diagnoses rare disease, history takings and clinical diagnosis based on 
phenomenology are very important. But if test results were not compatible to diagnosis, genetic approaches might be 
one of possible tool. 
References: Gieselmann V, Krageloh-Mann I. Metachromatic leukodystrophy – an update. Neuropediatrics 
2010;41(1):1-6. Leite CC, Lucato LT, Santos GT, Kok F, Brandao AR, Castillo M. Imaging of adult 
leukodystrophies. Arq Neuropsiquiatr 2014;72(8):625-32. Stevanin G, Durr A, Brice A. Spastic Paraplegia 11. 
GeneReviewsⓡ [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2019. 

1376 
Natural History of Movement Abnormalities on Hereditary Spastic Paraplegia: validation of timed functional 
instruments 
J. Saute, G. Machado, A.P. Zanardi, V. Martins, D. Burguêz, L. Jacinto-Scudeiro, E. Monteiro, L. Peyré-Tartaruga 
(Porto Alegre, Brazil) 
Objective: To evaluate the natural history of Hereditary Spastic Paraplegia (HSPs) and to define sensitivity to 
change, minimal clinically important difference (MCID) and validity of different motor evaluation instruments. 
Background: HSPs are a group of neurodegenerative diseases characterized by slow progressive spastic 
paraparesis, in which natural history is mostly unknown. 
Methods: The MOVESPAST study is constituted of two phases, the first one being a cross-sectional study and the 
second one a cohort study. All individuals who have HSP molecular diagnosis from a neurogenetic center in south 
Brazil were recruited. The Spastic Paraplegia Rating Scale (SPRS), the 6-minute walk test (6MWT), the 10 meters 
walk test (10MWT), and the Timed Up and Go test (TUG) were applied on baseline evaluation and will be applied 
after 12 and 24 months. Healthy controls matched to age and sex were also recruited for the cross-sectional phase. 
Results: We have evaluated 32 HSP individuals, 25 of them were able to perform functional instruments (17 being 
SPG4), and 25 control individuals. Overall HSP patients and SPG4 patients presented worse performances than 
matched controls in all evaluated instruments (p<0.001 for all comparisons). There was a strong correlation between 
functional instruments and SPRS (R=0.726-0.803, p<0.001 for all comparisons) and disease stage (Rho=0.844-
0.935, p<0.001 for all comparisons) for all HSPs. Among SPG4 individuals, there was moderate to strong 
correlations of 6MWT, 10WMT at maximum speed and TUG at self-selected speed with disease duration (R=0.501-
0.751, p<0.05 for all comparisons), moderate to strong correlations of all instruments with SPRS (R=0.694-0.878, 
p<0.01 for all comparisons) and strong correlations of all instruments with disease stage (Rho=0.748-0.909, p<0.001 
for all comparisons). MCID was estimated by the distributive method. 
Conclusions: All timed functional instruments presented adequate criterion and construct validity for HSP. Such 
instruments are quick and easy to perform; are theoretically sensitive to change due to its quantitative nature; 
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however, it can only be applied to ambulant individuals. Our results on the longitudinal phase of the study will help 
to understand better the natural history of HSPs and to design future clinical trials for these disorders. 

1377 
Characterization of the motor phenotype and striatal muscle analysis in a mouse model of hereditary 
spasticity 
A. Vignaud, C. Rivares, W. Noort, B. Koopmans, M. Loos, R.T. Jaspers, M. Kalinichev (Les Ulis, France) 
Objective: Characterize the motor phenotype and contractile force characteristics of skeletal plantar flexor muscles 
in a mutant mouse model for spasticity. This model displays a spontaneous mutation in glycine receptor affecting 
muscle function. 
Background: Spasticity is a medical condition characterized by motor abnormalities, caused by striatal muscle 
hyperactivity. In adults, spasticity develops in patients suffering from multiple sclerosis, traumatic brain injury, 
spinal cord injury or stroke, whereas in children, it is commonly associated with cerebral palsy. Development of 
novel treatments for spasticity has been impacted by relative sparsity of animal models for this condition. 
Methods: Homozygous spastic mice , males and females, and their wildtype controls were tested in a battery of 
behavioral tests at different ages (neurological score, righting test, grip-strength, rotarod, catwalk, spontaneous 
behavior). At the end of the behavioral assessment contractile properties of Gastrocnemius medialis (GM) and 
Soleus (Sol) muscles were analyzed in situ, followed by their morphological and histological characterization. 
Results: There were significant differences between motor phenotypes of spastic mice and their wild-type controls. 
Spastic mice were consistently lighter in body weight and weaker in motor phenotype when compared to wildtype 
controls at each age. The gait of spastic mice was characterized by “hopping” with periodic tremors during walking. 
Indeed, objective gait analyses identified short footprint length (tiptoe walking), short hind leg stride length 
(hopping) in spastic mice. In situ muscle force assessment showed that spastic mice have weaker Sol and GM 
muscles, but these differences were reflective of smaller muscle mass observed in Glrbspa mice. Fiber cross 
sectional areas were decreased in both Sol and GM spastic muscles. GM and Sol in spastic mice displayed a fast to 
slow fibers transition, which was related to a lower rate of force development and higher fatigue resistance. 
Conclusions: We identified multiple motor features and striatal muscle alterations that differed significantly 
between spastic mice and wildtype controls. Some of these features resembles those observed in spastic patients. 
Additional experiments, involving anti-spastic medication are needed to assess predictive validity of the model. 
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1379 
Self-reported substance abuse in a real-world sample of Tourette Syndrome and other tic disorder subjects 
W. Deeb, A. ElKouzi, I. Malaty (Gainesville, FL, USA) 
Objective: To evaluate the use of illegal substances in a “real world” sample of subjects with a diagnosis of 
Tourette syndrome (TS) or other tic disorders (TD). 
Background: TS is a complex neuropsychiatric disorder. Individuals with TS are at an increased risk for substance 
use disorders. 
Methods: A web-based survey was conducted by the Tourette Association of America, disseminated electronically 
to its membership (Jan-May/2018).  Participants were informed that data would be used anonymously in aggregate 
to assess impact and experience of living with TS/TD. Only adult self-responders who completed the substance use 
question were included in this analysis. 
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Results: 223 out of 281 adults were included in the analysis. 75.3% (n=168) were diagnosed for 10 years or longer 
and 63.2% (n=141) were diagnosed by a neurologist. 23.3% (n=52) reported ever abusing any substance. In this 
group, 71.2% (n=37) abused 1 substance, 13.5% (n=7) abused 2 substances, 11.5% (n=6) abused 3 substances, and 
3.8% (n=2) abused 5 substances. Alcohol was the most commonly abused substance at 59.6% (n=31). Using Chi-
square test of independence revealed a significant relation between substance abuse and a history of self-
harm/suicide X2(1, n=222)=9.58, p=0.002 (phi=0.21), as well as a history of being discriminated against or bullied, 
X2(1, 220)=5.47, p=0.019 (phi=0.16). Notably there was no significant relation to financial burden, missing 
work/school, or social impairment. Results of the Spearman correlation indicated that there was a significant 
positive association between the number of substances abused and the number of medications tried, (rs(211)=0.22, 
p=0.002). 
Conclusions: This study reveals a relatively high rate of substance abuse in adults with TS/TD (23.3% compared to 
12.8% previously reported). Alcohol is the most commonly abused substance. Substance abuse appears to be weakly 
related to a history of suicide, being discriminated against, and multiple medication trials. Further studies to evaluate 
these associations are warranted. 
References: Jankovic J, Gelineau‐Kattner R, Davidson A. Tourette's syndrome in adults. Movement Disorders. 
2010 Oct 15;25(13):2171-5. 

1380 
Tic Detector - Role of Electromyography 
W. Deeb, S. Cernera, A. Gunduz, M. Okun (Gainesville, FL, USA) 
Objective: To use surface electromyography (EMG) to detect and characterize motor tics. 
Background: Tourette syndrome is a complex neuropsychiatric disorder characterized by a combination of motor 
and vocal tics. The clinical evaluation of tics is fraught with difficulties relating to the variability, suppressibility, 
and suggestibility of tics as well as the limitations of the available evaluation tools, which rely on the subject’s 
recollection of tics or a short in-clinic video. These limitations have implications on both clinical practice and 
therapeutic investigations. 
Methods: Wireless EMG sensors are applied over the extremity and trunk muscles of subjects with Tourette 
syndrome. The EMG is rectified and referenced to baseline. Spectral analysis is estimated using 0.5 Hz bins. EMG 
data features that are most predictive of tics are inputted into a support vector machine. The output of the support 
vector machine is a binary decision “Tic” or “No Tic”. The EMG data is also used to classify the tics by body parts 
involved, frequency, and severity. 
Results: This is an ongoing study. Evaluating a shoulder dystonic tic, power spectral analysis of the movement 
epochs reveals a higher EMG signal power at the level of the bilateral trapezius muscles during voluntary 
movements at frequencies higher than 10 Hz. On the other hand, a higher EMG signal power was noted during tic 
movements at the level of the bilateral biceps and sternocleidomastoid muscles especially at lower frequencies (< 40 
Hz). These differences were statistically significant using a 95% confidence interval. 
Conclusions: Initial analysis reveals EMG features that can distinguish a shoulder dystonic tic from a similar 
voluntary movement. Significant inter-subject variability is noted indicating that each subject will have 
characteristic EMG features specific to their own tics. The results of further evaluation and analysis as more subjects 
are recruited will be added by the time of the MDS meeting. 

1381 
Ecopipam, a selective D1 antagonist in development for the treatment of Tourette syndrome in children and 
adolescents: The Phase 2b D1AMOND Study 
J. Dubow, D. Kim, R. Bittman, S. Wanaski, J. Swalec, T. Cunniff (Northbrook, IL, USA) 
Objective: To describe the Phase 2b study design and optimized dosing strategy to evaluate the efficacy and safety 
of ecopipam in children and adolescent subjects with Tourette’s syndrome (TS). 
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Background: Ecopipam, is a selective D1 antagonist, designed to provide D2-like efficacy while minimizing D2-
related adverse events. A previous phase 2a, randomized, double-blind, 28-day, placebo-controlled crossover 
study suggested preliminary efficacy of ecopipam at a fixed daily dose for the treatment of children and adolescents 
with TS without resulting in extrapyramidal or metabolic adverse events or weight gain. 
Methods: This is a multicenter, placebo-controlled, double-blind, randomized parallel group, Phase 2b study to 
evaluate the efficacy and safety of ecopipam tablets in children and adolescents with TS. This study will enroll 
patients with TS >6 to <18 years of age, >18 kg with both motor and vocal tics that cause impairment in normal 
routines and >20 on the Yale Global Tic Severity Score Total Motor and Phonic Tic Score (YGTSS-TTS), not 
currently on any anti-tic medications. The study will exclude patients with significant medical or psychiatric disease. 
Based on pharmacokinetic modeling and simulations, ecopipam will be dosed on a weight basis for consistency 
across the pediatric patient population. Following a screening period, subjects will be randomized to ecopipam 2 
mg/kg (6 distinct weight bands) or matching placebo and titrated to the appropriate dose over 4 weeks followed by 
an 8-week treatment period. 
Results: 75 subjects per group will be enrolled in the study. The primary endpoint will be change from Baseline to 
Week 12 in the YGTSS-TTS. The key secondary endpoint will be change from Baseline to Week 12 in the Clinical 
Global Impression of Tourette Syndrome Severity. Other secondary endpoints include the YGTSS Impairment 
Score, Total YGTSS, Clinical Global Impression Improvement, potential PK/PD relationships, and other quality of 
life measures. Safety assessments will include adverse events, vital signs, and measurements of akathisia, abnormal 
involuntary movements, suicidality, anxiety, depression and obsessive-compulsive disorder. 
Conclusions: This study is designed to determine whether ecopipam is efficacious in the treatment of TS and to 
further characterize the safety profile of this drug in children and adolescent patients. 

1382 
Structural Connectivity Predicts Clinical Outcomes of Deep Brain Stimulation for Tourette Syndrome 
K. Johnson, G. Duffley, D. Servello, A. Bona, M. Porta, J. Ostrem, E. Bardinet, M.-L. Welter, A. Lozano, J. 
Baldermann, J. Kuhn, D. Huys, T. Foltynie, M. Hariz, E. Joyce, L. Zrinzo, Z. Kefalopoulou, J.-G. Zhang, F.-G. 
Meng, C.C. Zhang, Z. Ling, X. Xu, X. Yu, A. Smeets, L. Ackermans, V. Visser-Vandewalle, A. Mogilner, M. Pourfar, 
L. Almeida, A. Gunduz, W. Hu, K. Foote, M. Okun, C. Butson (Salt Lake City, UT, USA) 
Objective: The objective of this study was to identify the structural connectivity correlates of improvement in tics 
and obsessive-compulsive behavior (OCB) following deep brain stimulation (DBS) for Tourette syndrome (TS). 
Background: Centromedial (CM) thalamus or globus pallidus internus (GPi) can be effective DBS targets for 
severe, treatment-refractory TS. Clinical responses to DBS vary substantially across TS patients and it is unknown if 
there are structural networks that are associated with improvements in tics or OCB. 
Methods: Retrospective pre- and post-operative imaging, Yale Global Tic Severity Scale (YGTSS) scores, and 
Yale-Brown Obsessive Compulsive Scale (Y-BOCS) scores of TS DBS patients (N = 67) were collected in a 
collaboration with the International TS DBS Database and Registry [1] and the International Neuromodulation 
Registry [2]. Bilateral volumes of tissue activated (VTA) were generated using stimulation parameters for each 
patient. The VTA were used to generate probabilistic tractography in diffusion-weighted imaging of 40 Human 
Connectome Project subjects [3][4]. Voxel-wise linear regression was performed to identify regions where structural 
connectivity was significantly correlated (p < 0.05) with percent improvement in YGTSS or Y-BOCS scores. 
Results: Across patients implanted in GPi (N = 34), voxels in medial prefrontal cortex (mPFC), lateral PFC, 
cingulate cortex (CC), orbitofrontal cortex (OFC), primary motor cortex (M1), supplementary motor area (SMA), 
and parietal cortex were significantly correlated with improvements in YGTSS. Voxels in the parietal cortex, 
temporal cortex, and ventral striatum (VS) were significantly correlated with improvements in Y-BOCS. Across 
patients implanted in CM thalamus (N = 33), voxels in CC, parietal cortex, temporal cortex, and occipital cortex 
were significantly correlated with improvements in YGTSS. Voxels in OFC, mPFC, VS, SMA, M1, and sensory 
cortex were significantly correlated with improvements in Y-BOCS.[figure1] 
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Conclusions: The results suggest that regions with structural connections to the VTA are correlated with 
improvements in tics or OCB in TS patients and these regions differ across DBS targets. Several of the brain regions 
correlated with symptom improvement have been previously implicated in TS pathology. Future work will include 
studying if modulating the cortical regions associated with clinical improvement could provide similar benefit. 
References: [1] Martinez-Ramirez D, Jiminez-Shahed J, Leckman JF, et al. Efficacy and Safety of Deep Brain 
Stimulation in Tourette Syndrome The International Tourette Syndrome Deep Brain Stimulation Public Database 
and Registry. JAMA Neurol 2018;32607:1–7. [2] Hedges DM, Hegman JC, Chapman BE, Butson CR. The 
International Neuromodulation Registry: an informatics framework supporting cohort discovery and analysis. 
Frontiers in Neuroinformatics 2019; submitted. [3] Van Essen DC, Smith SM, Barch DM, et al. The WU-Minn 
Human Connectome Project: An Overview. NeuroImage 2008;80:62–79. [4] Glasser MF, Stamatios NS, Wilson JA, 
et al. The Minimal Preprocessing Pipelines for the Human Connectome Project. NeuroImage 2013;80:105–24. 
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1383 
Intact visuomotor forward models in adults with Tourette Syndrome 
L. Kurvits, A. Djodari-Irani, T. Mainka, A. Kühn, C. Ganos, F. Ostendorf (Berlin, Germany) 
Objective: To assess the integrity of forward model-driven predictions in a visuomotor task in adults with Tourette 
syndrome (TS). 
Background: Tics, such as those encountered in TS, are movements or sounds that resemble voluntary actions but 
appear inopportune and repetitive. Although tics are typically experienced as unwilled behaviors, patients report 
difficulties in classifying them as either voluntary or involuntary. This distinction critically relies on the precision of 
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internal predictions of motor output and its sensory consequences by forward models [1]. Here, we hypothesize that 
impaired forward model-driven predictions in TS may lead to misclassification of actions and ultimately the 
occurrence of tic behaviors. We explore this hypothesis by using an established oculomotor task, probing the 
accuracy and precision of internal predictions in the visuomotor domain. 
Methods: 18 patients (age 32±14.8 years) and 19 age-matched (27.8±3.9 years) healthy controls completed the 
study protocol. Neuropsychiatric comorbidities, such as attention-deficit hyperactivity disorder, obsessive-
compulsive disorder, depression and anxiety were assessed by means of standardized scales, as previously reported 
[2]. In the oculomotor task, subjects performed a saccadic eye movement and reported the apparent direction of an 
intra-saccadic target displacement. Correct decisions in this task require accurate and precise internal predictions of 
eye movement metrics and its perceptual consequences [3,4]. Furthermore, we asked subjects to report the 
subjective uncertainty associated with this visuomotor decision. 
Results: Basic oculomotor performance (saccadic reaction time and targeting error) did not differ between patients 
and healthy control groups. Likewise, no significant between-group differences emerged for accuracy and precision 
of associated visuomotor decisions, as assessed by the bias and slope of psychometric functions fitted to individual 
data. For the additional ratings of decisional confidence, preliminary results indicate stronger deviations of 
subjective confidence from a simple statistical model of optimal confidence computation [5] in a subgroup of 
patients. 
Conclusions: Basic oculomotor performance and associated internal monitoring of action consequences may be 
intact in TS, arguing against a global deficit in forward-model driven internal predictions of sensorimotor 
contingencies. 
References: 1. Wolpert DM, Miall RC (1996) Forward Models for Physiological Motor Control. Neural Netw 
9:1265–1279. 2. Ganos C, Asmuss L, Bongert J, Brandt V, Münchau A, Haggard P (2015) Volitional action as 
perceptual detection: Predictors of conscious intention in adolescents with tic disorders. Cortex 64:47–54. 3. 
Ostendorf F, Liebermann D, Ploner CJ (2010) Human thalamus contributes to perceptual stability across eye 
movements. Proc Natl Acad Sci U S A 107:1229–1234. 4. Cavanaugh J, Berman RA, Joiner WM, Wurtz RH (2016) 
Saccadic Corollary Discharge Underlies Stable Visual Perception. J Neurosci 36:31–42. 5. Sanders JI, Hangya B, 
Kepecs A (2016) Signatures of a Statistical Computation in the Human Sense of Confidence. Neuron 90:499–506. 

1384 
The Impact of Tourette Syndrome and Tic Disorders on Education, Occupational and Personal Life 
I. Malaty, D. Shineman, W. Deeb (Gainesville, FL, USA) 
Objective: To explore the impact of tic disorders on life outcomes in a “real world” sample of Tourette syndrome 
(TS) and tic disorder (TD) sufferers. 
Background: TS a complex, childhood-onset neuropsychiatric disorder which can impact quality of life among 
sufferers. TS and TD may impact educational, occupational, and personal life. 
Methods: A web-based survey was conducted by the Tourette Association of America, disseminated electronically 
to its membership (Jan-May/2018). Participants were informed that data would be aggregated and used 
anonymously to assess impact of living with TS/TD. For respondents under 18yo, parents completed the survey. 
Results: 944 Respondents completed the survey; 623 pediatric (parent-completed) and 281 adult (self-completed). 
Educational success was felt to be hindered by TS/TD in children/adults: 83.4%/76.7%. For children, 39.8% had to 
miss school due to TS/TD, 42.5% reported being discriminated against by teachers, and 35.3% reported not being 
provided with an education consistent with intellectual ability, although 69.4% reported some educational 
accommodations. Among adults, only 24.2% had been offered educational modifications, 49.2% missed 
school/work due to TS/TD-related problems, and 20% reported that the educational deficiencies limited their career 
options. Family financial strain due to TS/TD was reported in 43%/15% (children/adults), with the most common 
reason being high cost of services needed. Government healthcare (Medicaid, Medicare, CHIP) was being received 
by 18%/27%, and Social Security Disability benefits for TS/TD and related conditions was received by 4%/10%. 
Personal impact of TS/TD also included experience of discrimination due to TS/TD in the majority 63%/68%. Adult 
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respondents reported that TS/TD prevented them from having meaningful friendships or romantic relationships 
(43.75%). Substance abuse was reported by 25% of adult respondents. 
Conclusions: TS and TD sufferers report impact on their educational, occupational, financial, and personal well-
being. Continued work in education and treatment of these conditions is needed to reduce the detriment to quality of 
life. 

1385 
Diagnosis and Treatment Experiences in a Real-World Sample of Tourette Syndrome and Tic Disorder 
Sufferers 
I. Malaty, D. Shineman, W. Deeb (Gainesville, FL, USA) 
Objective: To explore diagnosis and treatment experiences in a “real world” sample of Tourette syndrome and tic 
disorders. 
Background: Tourette syndrome (TS) is a complex, childhood-onset neuropsychiatric disorder for which 
appropriate education and management is critical. Expert care for tic disorders (TD) is grossly limited. 
Methods: A web-based survey was conducted by the Tourette Association of America (TAA), disseminated 
electronically to its membership (Jan-May/2018). Participants were informed that data would be used anonymously 
in aggregate to assess impact and experience of living with TS/TD. For respondents under 18yo, parents completed 
the survey. 
Results: 944 Respondents completed the survey- 623 pediatric (parent-completed) and 281 adult (self-completed). 
Adults with TS reported experiencing greater than 6-year delay in diagnosis in 53% of cases; under 16% were 
diagnosed within a year of symptom onset. Children were diagnosed sooner, although only 33% within one year, 
and 5% after more than 6 years. Neurologists were the first to diagnose over 60% of cases, versus primary 
care/pediatricians (</=10%), and psychiatrists (15%). Comprehensive behavioral therapy for tics (CBIT) was tried 
by only 36% of children and 25% of adults, with lack of awareness being the most common hindrance. Benefit was 
appreciated by 40% of children and 36% of adults who tried CBIT. The majority of respondents take medication to 
manage TS/TD (51% adult; 59% children). Less than 10% are medication naïve. Most have tried multiple 
medications: (1-3)- 41%;44%, (3-5)- 19%;15%, and (more than 5)- 29%;30% of children and adults, respectively. 
Nevertheless, 44% of children and 46% of adults feel their symptoms are inadequately controlled. 
Conclusions: Individuals with TS and tic disorders report delay in diagnosis. Neurologists are often the “front line” 
diagnosticians, emphasizing the necessity of TS education. Behavioral therapies remain underutilized, and many 
medications are tried without satisfactory relief. Future efforts are needed to improve TS and tic disorder education 
and care. 

1386 
Algorithm of a differentiated approach to the management of patients with tic hyperkinesis 
S. Munasipova, Z. Zalyalova (Kazan, Russian Federation) 
Objective: Develop an algorithm for diagnosis and differentiated approach to the management of patients with tics 
Background: The prevalence of tics reaches 20%; often accompanied by obsessive-compulsive syndrome (OCD) 
and attention deficit hyperactivity disorder (ADHD).High prevalence, etiological and clinical heterogeneity, 
morphofunctional changes determine the need for further analysis 
Methods: The main group consisted of 111 patients. Two control groups consisted of 56 people. The patients were 
divided into 2 groups: “PANS-pediatric-onset neuropsychiatric syndrome” - “pediatric acute neuropsychiatric 
syndrome” and “non-PANS”.Research methods: 1)neurological examination; 2)laboratory clinical and 
immunological studies; 3)MRI of the brain with morphometry of the basal ganglia, thalamus, corpus callosum, 
cingulate gyrus. 
Results: Patients with Tourette syndrome (TS) prevailed (33%). OCD was found in 53.2% tics with varying 
severity. The direct dependence of the severity of motor and vocal tics on the severity of OCD and ADHD (r = 0.54, 
p≤0.01) was determined. Tics were associated with ADHD with the prevalence of hyperactivity in 81% of 
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cases.Clinical MRI-morphometric correlation was revealed: the dependence of motor and vocal tics on the heights 
of the middle and posterior third of the cingulate gyrus; increased frontal lobe in ADHD; increased dimensions of 
the cingulate gyrus and corpus callosum with OCD, modified forms of the puamen and the caudate nucleus, a 
smaller volume of the globus pallidum, inter-hemispheric asymmetry of the thalamus in patients with tics (p 
<0.05).PANS-syndrome was 2.5 times more common in males. The presence of a chronic focus of infection was not 
a predictor of the development of the syndrome. The PANS group was characterized by TS (39%), mild to severe 
OCD, ADHD with a predominance of hyperactivity, specific MRI-signs, clinical correlation with JgM, CD8 + 
lymphocytes and carriage β-hemolytic streptococcus group A (BGSGA) 
Conclusions: Tic is the cause of pancerebral dysfunction, as a result of which they have a complex psychomotor 
"nature." Impaired B-lymphocyte differentiation, lack of humoral response, special antigens that can cause an 
inadequate immune response, accompanied by a powerful release of cytokines, can be the basis for the launch of 
autoimmune disorders with neuronal tissue damage and as a result of the development of tic hyperkinesis 

 

1387 
Saccade profiles in Tourette syndrome 
Y. Sugiyama, H. Fukuda, Y. Terao, S. Tokushige, K. Hoshino, M. Hamada, Y. Ugawa, T. Toda (Tokyo, Japan) 
Objective: We investigated the performance of VGS and MGS to see whether the pathophysiology of TS 
represented the dopaminergic deficiency. 
Background: Tourette syndrome (TS) is a neurobehavioral disorder starting from childhood characterised by motor 
and vocal tics. Some suggest primary hypodopaminergic state followed by upward regulation of dopamine receptors 
for the cause of tics. We previously reported slightly prolonged visually-guided saccade (VGS) latency and 
significantly prolonged memory-guided saccade (MGS) latency in Parkinson’s disease. 
Methods: We recruited 62 male drug-naïve participants with TS and 49 normal controls who were 5—16 years old. 
In VGS, after illumination of a central spot for 2.0—2.8 s, a target was presented at locations 5°, 10° or 20° to the 
right or left. The subjects moved their gaze from the spot to the target quickly. In MGS, a target stimulus flashed for 
50 ms while they fixated the central spot. Once the spot disappeared, they moved their gaze to the remembered 
location, where the light re-appeared 600 ms later. Each subject performed at least 36 VGS and 36 MGS trials. Eye 
movements were recorded by electrooculography. The latency of the saccade from the extinction of the central spot 
and amplitude of the first saccade were measured in each trial. Age-matched analysis on 29 pairs was performed by 
Student’s t-test. 
Results: [VGS] The median of latencies in TS was comparable at 5°, whereas it was longer at 20°. The difference 
between latencies towards peripheral (20°) and central (5°) targets was larger (49.1 vs 32.6 ms*). The median of 
amplitudes was smaller in TS (4.9 vs 5.4°* at 5°, 18.3 vs 19.0°* at 20°). [MGS] The median of latencies in TS was 
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shorter at 5° (324.1 vs 338.5 ms), whereas it was longer at 20° (308.4 vs 290.3 ms). The difference between 
latencies towards central and peripheral targets was smaller (15.8 vs 48.1 ms). The median of amplitudes was 
comparable. Success rate of MGS was lower (61.5 vs 83.1%†). The occurrence of saccades to cue was 
comparable. * p< 0.05, † p< 0.01, otherwise not statistically significant. 
Conclusions: In TS, latencies to peripheral targets in VGS and MGS were longer than in normal subjects. 

1388 
Dystonic tics in patients with Gilles de la Tourette syndrome 
N. Szejko, A. Jakubczyk, A. Dunalska, P. Janik (Warsaw, Poland) 
Objective: The aim of our study was to investigate lifetime prevalence and clinical correlates of dystonic tics in 
Polish cohort of Gilles de la Tourette patients. 
Background: Gilles de la Tourette syndrome (GTS) is a childhood onset disorder characterized by motor and vocal 
tics. Different types of motor tics may occur in GTS, among other, dystonic tics (DTs). DTs last longer than clonic 
tics, are characterized by abnormal dystonia-like movements that lead to transient, not fixed posture. Although DTs 
have been recognized as part of GTS symptomatology, little is known about their risk factors and how often and at 
which age they appear in affected individuals. 
Methods: We performed a prospective, one-registration study in a cohort of 207 consecutive ambulatory patients 
(76 adults and 131 children) with GTS. Duration of GTS was 9.0±8.0 years (range: 1-39 years). DTs were diagnosed 
during the interview. 
Results: DTs occurred at some point in the lifetime of 73.9% (n=153) patients. In 41.2% of patients (n=63) DTs was 
only present in the past, but not at the time of evaluation. The prevalence of DTs in adults and children was almost 
the same (75%, n=57 vs 73.2%, n=96, respectively). Age at onset of DTs was known only in 57% (n=86) of patients 
with the most frequent onset in children (7-11 years, 74.4%, n=64), followed by adolescence (12-18 years; 17.4%, 
n=15) and adulthood (≥18 years, 8.1%, n=7). DTs occurred 3.7±4.2 years after the tic onset and mean age of DTs 
onset was 9.9±5.2 years. On average patients suffered from 1.8±1.7 types of DTs. The most frequent manifestations 
of DTs were: eyes (tightening resembling blepharospasm 84.3%, n=129and oculogyric crisis 45.8%, n=70), trunk 
(dystonic postures 59.5%, n=91), jaw ( bruxism 34.6%, n=53), neck (30.7%, n=47), upper limb (26.1%, n=40) and 
foot (20.9%, n=32). Multivariate logistic regression analysis showed significant associations of DTs with total 
number of simple and total number of complex tics. 
Conclusions: DTs are early and frequent symptoms of GTS. They tend to localize in the face area. DTs occur more 
frequently in individuals with the higher number of tics and probably add to global impairment caused by tics. 

1389 
Firing pattern of single neurons in the subthalamic nucleus of Tourette Syndrome patients identifies optimal 
deep brain stimulation target site 
M. Vissani, R. Cordella, S. Micera, L. Romito, A. Mazzoni (Pontedera, Italy) 
Objective: This study aims at finding a correlation between the activity of single neurons of the subthalamic nucleus 
(STN) in Tourette Syndrome (TS) patients and the optimal site for Deep Brain Stimulation (DBS) to suppress TS 
motor symptoms. 
Background: TS is characterized by motor and vocal tics that tend to wax and wane in severity and frequency. The 
dysfunctional activity in STN underlying pathological behavior in TS is still to be completely understood: the 
current model does not account for any relevant involvement of the STN [1], and largely relies on animal 
experiments. 
Methods: Here, we describe for the first time neural activities of STN in TS patients acquired through 
microrecordings during DBS procedures. Four TS patients (34.2 years range 24-47) and two patients with Parkinson 
disease (PD) underwent bilateral STN implant. Continuous physiological recordings under general anesthesia were 
performed from 10 mm above the target to 1/2 mm below it, with 0.5 mm steps along the single planned trajectory. 
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We characterized the discharge pattern of each isolated single unit activity (n = 125 for TS, n=54 for PD) computing 
the mean firing rate (MFR) and a burstiness index [2]. 
Results: In all TS patients, a sustained acute tic improvement was observed following stimulation of STN-located 
contacts (> 60% YTGSS improvement, P <0.001). We did not found significant MFR and spectral density 
differences between TS and PD cells. Spike patterns analysis revealed instead a larger fraction of bursting cells in 
TS than in PD (39/125, 31.2% vs. 4/54, 7%; P<0.001). These bursting units in TS STN were reliably more present at 
the depth for witch the clinical effect was maximum (>50 % within ±2 mm from optimal DBS target site). 
Conclusions: STN in TS presents depth-specific neural bursting properties with a significantly higher density close 
to the optimal clinical DBS target. This information can help determining the optimal DBS target and clarifying the 
relationship between TS tics and pathological firing patterns. 
References: [1]. Yael D, Vinner E, Bar-Gad I. Pathophysiology of tic disorders. Mov. Disord. 105; 30: 1171- 1178. 
[2]. Mochizuki Y, Onaga T, Shimazaki H. et al. Similarity in neural firing regimes across mammalian species. J. 
Neurosci. 2016; 36(21): 5736-5747. 

 

1390 
Abnormal thalamo-cortical functional connectivity patterns in Gilles de la Tourette Syndrome: a seed-based 
resting state fMRI study 
L. Zapparoli, M. Porta, F. Devoto, N. Tedone, D. Servello, E. Paulesu (Milan, Italy) 
Objective: Here we directly tested this hypothesis and we investigated the specific functional connectivity patterns 
of thalamic motor seeds in 24 GTS patients and 24 healthy controls, by means of a seed-based resting state fMRI 
approach. 
Background: Gilles de la Tourette Syndrome (GTS) is a neuropsychiatric disorder characterized by tics, which are 
recurring and unwanted movements or vocalizations. The disease is an example of dysfunctional motor control, with 
interferences in planning, selection and programming of voluntary actions. Pharmacological and imaging studies 
suggest that GTS is characterized by perturbed connectivity within cortico-sub-cortical motor networks. 
Methods: We used a 3-steps methodology. We first identified the stereotactic coordinates of motoric thalamic seeds 
by selecting, with a univariate analysis, the most significant peaks of activation in the right and left thalamus 
recorded during the execution of voluntary finger opposition movements, in both healthy controls and GTS patients. 
Then, the functional connectivity maps of these regions of interest were calculated for each subject/patient by using 
a seed-to-voxel whole brain approach. 
Finally, the individual maps were entered in a full factorial analysis with Group (Patients/Healthy Controls) and 
Seed (Left Thalamus/Right Thalamus) included as factors. 
Results: The results showed significant differences between the two groups in the form of abnormally augmented 
functional connectivity in GTS patients between the right thalamic seed and the cortical motor areas (premotor and 
primary motor cortex). 
This abnormal connectivity was positively related to the severity of the syndrome: the greater the abnormal 
connectivity, the more severe the disease in terms of tics manifestation. In turn, the strength of such connectivity 
was compensated for by neuroleptics whereby the larger the dosage of neuroleptics the smaller the value of such 
connectivity. 
Conclusions: Our findings confirm the presence of an altered subcortical-cortical functional network in Gilles de la 
Tourette syndrome, highlighting the important role of the connections between the motor thalamus and 
premotor/primary motor cortex. 

Tremor 
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1391 
The optimal connectivity profile of thalamic deep brain stimulation electrodes to effectively treat Essential 
Tremor 
B. Al-Fatly, S. Ewert, D. Kuebler, D. Kroneberg, A. Horn, A. Kuehn (Berlin, Germany) 
Objective: We aimed at predicting tremor improvement in essential tremor (ET) patients implanted in the area of 
the ventral intermediate nucleus (VIM) using brain connectivity pattern. A validated connectivity pattern would 
serve as a skeleton for inferring the optimal deep brain stimulation (DBS) sweet spot for effective tremor control. 
Background: ET is the most prevalent movement disorders and is frequently refractory to medical treatment. DBS 
offers an alternative potential therapeutic approach that can efficiently control tremor symptoms. Several DBS 
targets have been discussed for DBS tremor treatment, also with respect to potential side effects such as dysarthria 
and ataxia [1]. Optimizing DBS therapy for tremor critically includes optimal targeting to modulate the tremor 
network. 
Methods: In the current study, we utilized two normative brain connectomes (structural and functional) to depict the 
pattern of effective DBS electrode connectivity in 33 ET patients. Additionally, we endeavored to segregate the 
somatotopic brain network based on head and hand tremor scores. Lastly, a connectivity-derived DBS sweet spot 
was proposed. 
Results: Our structural and functional beneficial connectivity models were significantly predictive of post-operative 
tremor improvement (structural, R = 0.48, p < 10-4; functional, R = 0.41, p = 0.001; leave-one-out validation). 
Networks predictive of hand and head tremor were successfully separated into the well-known somatotopic motor 
cortical and cerebellar maps. A connectivity-derived DBS sweet spot was identified in the posterior subthalamic 
area (PSA), with the spot encroaching on the inferior borders of VIM and sensory thalamus. 
Conclusions: Our predictive connectivity models demonstrated large agreement with the previously recognized 
tremor network in ET. The connectivity-based sweet spot from our cohort complies with clinical observations of 
effective tremor suppression with DBS targeting PSA [2]. Our results underscore the importance of integrating brain 
connectivity to optimize DBS target selection. 
References: 1. Deuschl G, Raethjen J, Hellriegel H, Elble R (2011) Treatment of patients with essential tremor. 
Lancet Neurol 10:148–161. 2. Plaha P, Patel NK, Gill SS (2004) Stimulation of the subthalamic region for essential 
tremor. J Neurosurg 101:48–54. 

1392 
The Impact of the New Classification Criteria on the Incidence of Tremor Syndromes 
A. Avila, N. Caballol, A. Planas-Ballvé, M.I. Gómez-Ruiz, M. Balagué-Marmaña, X. Cardona (Barcelona, Spain) 
Objective: To compare the incidence of the different tremor syndromes using 1998 versus 2018 consensus criteria 
for classifying tremor disorders. 
Background: In 1998, the Consensus Statement on Tremor issued by the Movement Disorder Society (now called 
the International Parkinson Disease and Movement Disorder Society [IPMDS]) classified the different tremor 
disorders [1]. Twenty years later, the IPDMS published new consensus criteria, mainly due to subsequent advances 
in essential tremor, tremor associated with dystonia and other monosymptomatic and indeterminate tremors [2]. 
Tremor syndromes are specific combinations of clinical signs and symptoms that commonly coexist. 
Methods: We conducted a retrospective review of all patients referred to our Movement Disorders Unit due to 
tremor between 2003 and 2018. We reviewed the tremor syndrome in the first visit according to the 1998 consensus 
criteria. Afterwards, the new 2018 consensus criteria were applied to each patient. 
Results: Data of 1,001 patients were obtained, 513 (51.2%) were women and the mean (SD) age at the first visit was 
70.06 (11.88) years (range 19-98). Considering 1998 criteria vs 2018 criteria, 422 (42.2 %) vs 457 (45.7 %) patients 
met criteria of parkinsonian tremor syndrome, 307 (30.7%) vs 181 (18.1%) of classic essential tremor (ET), 66 
(6.6%) vs 141 (14.1 %) of enhanced physiologic tremor syndrome and 16 (1.6%) vs 59 (5.9%) of indeterminate 
tremor, respectively. Both criteria diagnosed the same number of dystonic tremor, orthostatic tremor, psychogenic 
tremor and Holmes’ tremor. Considering 1998 criteria, we diagnosed 129 (12.9 %) patients of drug-induced and 
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toxic tremor syndromes that according to the 2018 criteria were included in the enhanced physiological tremor or in 
parkinsonism associated with tremor. Considering 2018 criteria, 61 (6.1%) patients met criteria of isolated 
segmental action tremor, 23 (2.3%) of ET plus, 19 (1.9 %) of focal tremor and 14 (1.4%) of isolated rest tremor. 
Conclusions: Using 2018 criteria, the incidence of ET was lower, probably because the new definition of ET 
requires at least a 3-year history of tremor and excludes isolated head and isolated voice tremors so that patients 
were classified as isolated segmental action tremor, focal tremor or indeterminate tremor. However, the incidence of 
enhanced physiologic tremor increased to include the drug-induced and toxic tremor syndromes considering the 
1998 criteria. 
References: [1] Deuschl G, Bain P, Brin M. Consensus statement of the Movement Disorder Society on Tremor. Ad 
Hoc Scientific Committee. Mov Disord 1998;13(Suppl 3):2-23. [2] Bhatia KP, Bain P, Bajaj N, Elble RJ, Hallett M, 
Louis ED, Raethjen J, Stamelou M, Testa CM, Deuschl G; Tremor Task Force of the International Parkinson and 
Movement Disorder Society. Consensus Statement on the classification of tremors, From the task force on tremor of 
the International Parkinson and Movement Disorder Society. Mov Disord. 2018 Jan;33(1):75-87. 

1393 
Inertial Sensor-Based Tremor and Bradykinesia Quantification and Potential for Early Disease Identification 
in Fragile X-associated Tremor/Ataxia Syndrome (FXTAS) 
D. Bang, D. Hall, J. Joyce, E. Robertson, G. Pal, J. O'Keefe (Chicago, IL, USA) 
Objective: To quantify the severity of tremor subtypes and bradykinesia in FXTAS and potentially identify 
preclinical symptoms in premutation carriers (PMC) without a diagnosis of FXTAS using an inertial sensor system. 
Background: FXTAS is a neurodegenerative disorder characterized by tremor and cerebellar gait ataxia. It occurs 
in some carriers of a 55-200 CGG repeat size premutation in the fragile X mental retardation 1 gene. However, early 
predictors of FXTAS onset are needed and quantitative measurements of tremor and bradykinesia profiles and fine 
motor function may be useful in natural history studies, response to medications and as outcome measures in future 
clinical trials. 
Methods: 39 PMC with FXTAS, 20 PMC without FXTAS, and 27 healthy controls performed a series of upper 
extremity (UE) motor tasks while wearing an ETsense™ sensor/Kinesia system which quantifies several types of 
tremor and bradykinesia. Regression analyses controlling for age, sex and CGG repeat size with FXTAS diagnosis 
group as the main predictor was performed to detect potential group differences. The FXTAS Rating scale (FXTAS-
RS) was administered to determine whether these clinician-rated scores correlate with severity scores from the 
Kinesia system. 
Results: PMC with FXTAS had significantly worse postural and kinetic tremor compared to PMC without FXTAS 
(p=0.04; 0.03) and controls (p=0.001; 0.0001), respectively, and worse finger tap (p=0.0009), hand movement 
(p=0.0001) and rapid alternating movement speed (p=0.003) and amplitude (p=0.04) than controls. PMC without 
FXTAS had significantly worse finger tap (p=0.004), hand movement (p=0.01) and rapid alternating movement 
speed (p=0.003) and amplitude (p=0.02) than controls. All quantitative scores were significantly correlated with the 
FXTAS-RS scores (p=0.02 to < 0.0001) except for finger tap speed and amplitude. 
Conclusions: The ETSense™ system is a feasible, portable and low-cost method for quantifying UE tremor and 
bradykinesia in FXTAS and may have potential in detecting preclinical symptoms of UE speed and coordination 
deficits in PMC without FXTAS. Further validation of these measures and the confirmation of preclinical disease 
identification in longitudinal studies with higher subject numbers are needed. 
References: 1. Giuffrida, J.P., D.E. Riley, B.N. Maddux, and D.A. Heldman. 2009. Clinically deployable Kinesia 
technology for automated tremor assessment. Mov.Disord. 24:723-730. 2. Heldman, D.A., A.J. Espay, P.A. LeWitt, 
and J.P. Giuffrida. 2014. Clinician versus machine: reliability and responsiveness of motor endpoints in Parkinson's 
disease. Parkinsonism Relat.Disord. 20:590-595. 
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1394 
Pupillary response to light and tasks in early and late onset essential tremor patients 
J. Becktepe, F. Gövert, L. Kasiske, M. Yalaz, K. Witt, G. Deuschl (Kiel, Germany) 
Objective: Testing the hypothesis that late onset essential tremor (LOET) patients show age-typical differences of 
the pupillary responses when compared with early onset ET (EOET) and healthy controls (HC) with a similar age at 
assessment. 
Background: LOET is characterized by shorter life expectancy and more advanced aging parameters and may 
therefore be regarded as an ‘aging-related’ tremor. Brainstem functions involved in pupillary responses are 
hypothesized to reflect such earlier aging. The pupillary light response (PLR) and a task evoked pupillary response 
(TEPR) were used to test this hypothesis. 
Methods: The PLR and TEPR during the paced auditory serial addition test (PASAT) were tested in 57 normal 
subjects, 13 patients with LOET (onset age>50yrs), 16 patients with EOET and 15 age matched HC. Standard 
parameters of the PLR were measured: baseline pupil diameter, minimum pupil diameter after pupil reaction to 
light, constriction amplitude, maximum velocity, maximum acceleration, latency from stimulus onset to the 
maximum constriction acceleration, time for maximum velocity, time for maximum constriction, relative 
constriction amplitude. TEPR was measured during PASAT as the percentage change in pupil size (PCPS). Data 
were analysed with mixed model ANOVA and post-hoc testing. 
Results: In HC the pupil diameter, latency, maximum acceleration/velocity and percentage amplitude were 
significantly correlated with age. Mixed model ANOVA comparing same aged EOET, LOET and controls with 
post-hoc testing showed significantly longer T1- (F(2, 37)=7.747, p<0.01) and T2- (F(2, 36)=7.430, p<0.01) 
measures in LOET compared to controls (for T1: p<0.001, T2: p<0.01) and EOET patients (p<0.05 each), while no 
differences were found between EOET and controls. A multiple linear regression was calculated to predict T1 for all 
ET patients based on the onset age, age, tremor severity (Fahn A) and a cognitive composite score. The R² for the 
overall model was 0.282, and the whole model showed no statistical significance (F(2, 21)=2.058, p>0.05). Only the 
onset age significantly predicted T1 (ß=0.516, p<0.05), while other parameters showed no significant predictive 
values. The task evoked pupillary response showed no significant differences between the groups. 
Conclusions: LOET showed a prolonged latency of the PLR compared to EOET possibly indicating 
pathophysiological differences on brainstem level or a “premature aging” in these patients. 

1395 
Optimal Parameters of Deep Brain Stimulation in Essential Tremor: A Meta-Analysis and Novel 
Programming Strategy 
D. Bogdan, T. van Laar, M. Oterdoom, G. Drost, M. van Dijk, M. Beudel (Groningen, Netherlands) 
Objective: To characterize the role of voltage, pulse width, and frequency in programming of Deep Brain 
Stimulation (DBS) settings for tremor. Additionally, as a proof of concept, we present a novel approach to DBS 
programming for tremor. 
Background: Programming of DBS for tremor remains empirical and laborious. Despite all effort, it is often 
suboptimal. Addressing the individual anatomy [1] and tremor characteristics [2] may be the key to derive the 
optimal clinical benefit. In practice however, the virtually infinite amount of parameter combinations and patient 
fatigue hinder an individualized, comprehensive exploration of the parameter space. The poorly understood 
relationship between stimulation parameters (voltage, pulse width, and frequency) further emphasizes the need for a 
robust programming strategy. 
Methods: We aimed to characterize the outcomes of DBS for Essential Tremor (ET) over time, including the role of 
the stimulation parameters in tremor suppression. For this, we conducted a meta-analysis to document all available 
parameters and tremor outcomes. For the experimental titration, 10 random combinations of stimulation parameters 
were tested in eight ET-DBS patients. Tremor outcomes were characterized by both accelerometer measurements 
and patient reported outcomes. A telephonic follow-up was conducted to evaluate tremor control on the medium-
term. 
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Results: The outcomes of ET-DBS over time were inconsistent, with an average tremor suppression of merely 63% 
[figure1]. There appears to be neither a substantial relationship between DBS parameters and tremor suppression, 
nor between DBS-parameters and side-effects. [Figure2] shows that with the experimental paradigm a significantly 
improved and sustained tremor suppression compared to baseline was achieved (p = 0.02).  Moreover, side-effects 
were resolved in three out of four patients. 
Conclusions: Our pilot data show that with a random programming strategy tremor control with ET-DBS can be 
improved. In addition, this had a beneficial effect on stimulation-related complications. Next, the potential of deep 
learning modalities should be explored to refine this novel approach. 
References: 1. Schlaier J, Anthofer J, Steib K, et al. Deep brain stimulation for essential tremor: targeting the 
dentato-rubro-thalamic tract?. Neuromodulation. 2015;18(2):105-12. 2. Cagnan H, Pedrosa D, Little S, et al. 
Stimulating at the right time: Phase-specific deep brain stimulation. Brain. 2017;140(1):132-145. 
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1396 
Adult-onset neuronal intranuclear inclusion disease presenting with intractable resting and intention tremor 
Y.Y. Chang, M.Y. Lan, Y.F. Chen, J.S. Liu (Kaohsiung, Taiwan) 
Objective: To report a rare case of neuronal intranuclear inclusion disease (NIID) presenting with intractable resting 
and intention tremor. 
Background: The NIID is a slowly progressive neurodegenerative disease characterized by localized neuronal loss 
and eosinophilic hyaline intranuclear inclusions in the central, peripheral nervous system cells, and also in visceral 
organs cells. The clinical manifestations of NIID are highly varied; disease onset occurs from infants to the elderly, 
and both familial and sporadic cases are reported (1). 
Methods: A 66-year-old man presented with slowly progressive resting, postural, and intention tremors in limbs and 
trunks, and unsteadiness since he was 46 years old. There were no other signs of Parkinsonism. His younger sister 
and brother had psychiatric disorder history. A neurologic examination disclosed mild cognitive function 
impairment, generalized hyper-reflexia, resting, postural, and intention tremors in limbs and trunks, and mild ataxic 
gait. He showed neither hypo-/brady-kinesia nor rigidity. 
Results: Surface electromyography of the upper limb muscles showed discharges of muscle activity at frequencies 
of 3 Hz. Brain MRI demonstrated cerebral and cerebellar atrophy, and high-intensity areas in the medial part of the 
cerebellar hemisphere, the middle cerebellar peduncle, corpus callosum, and cerebral hemispheres on T2-weighted 
and fluid-attenuated inversion recovery images. Besides, MRI diffusion-weighted imaging (DWI) showed abnormal 
high-intensity signals along the cortico-medullary junction in the cerebrum. The 99mTc-TROADT-1 brain SPECT 
showed a mildly decreased uptake of radioactivity in both striatum. The spinocerebellar ataxia (SCA) gene panel, 
FMR1 premutation analysis, and LMNB1 gene duplication test all showed normal results. A diagnosis of NIID was 
finally made based on the skin biopsy histopathological findings. 
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Conclusions: This case implies that NIID can present with cerebellar form tremor that is similar to fragile X-
associated tremor/ataxia syndrome (FXTAS). For clinical manifestations, neuroimaging finding, and neuropathology 
of FXTAS and NIID overlaps, genetic testing for FMR1 CGG repeat expansion is still mandatory for the differential 
diagnosis with FXTAS (2). 
References: 1. Sone J, Mori K, Inagaki T, et al. Clinicopathological features of adult-onset neuronal intranuclear 
inclusion disease. Brain 2016;139:3170-86. 2. Padilha IG, Nunes RH, Scortegagna FA, et al. MR imaging features 
of adult-onset neuronal intranuclear inclusion disease may be indistinguishable from fragile x-associated 
tremor/ataxia syndrome. AJNR 2018;39:E100-1. 

1397 
Is there evidence of bradykinesia in patients with Essential Tremor? 
D. Colella, M. Bologna, G. Paparella, A. Cannavacciuolo, S. Pietracupa, A. Guerra, A. Berardelli (Rome, Italy) 
Objective: To evaluate possible abnormalities (bradykinesia) of repetitive finger movements, including the 
sequence effect, using kinematic techniques in patients with ET. 
Background: Essential tremor (ET) is a heterogeneous movement disorder. Recent studies suggest that 
bradykinesia may be part of the phenotypic spectrum of ET; however none of the previous studies investigated the 
sequence effect in this condition. 
Methods: Ninety patients with ET and 85 age- and gender-matched healthy controls were evaluated by standardized 
clinical scales and objective analysis of repetitive finger tapping using an optoelectronic motion analysis system. 
The kinematic analysis of repetitive finger tapping included  total number of movements, movement rhythm, 
amplitude (hypokinesia) and velocity (bradykinesia) as well as progressive amplitude and velocity reduction during 
movement repetition (sequence effect). 
Results: A between-group analysis revealed lower velocity and impaired movement rhythm in patients with ET in 
comparison to healthy controls (both Ps < 0.05). A subsequent frequency analysis, showed a significant amplitude 
decrement (sequence effect) in a subgroup of 13 out of 90 in patients with ET in comparison to 3 out of 85 HC 
(14.4% vs. 3.52%, X2=0.01). Finally, we found no relationships between the movement parameters and tremor 
severity in ET. 
Conclusions: The present study indicates that slowness of movement is a common feature of patients with ET. In 
addition a proportion of ET patients has amplitude decrement (sequence effect) during movement repetition, a 
phenomenon typically present in patients with Parkinson’s disease. The data support the notion that ET is a 
heterogeneous disorder. The results are relevant for a better understanding of ET pathophysiology. 

1398 
Orthostatic tremor – a case series 
L. Colmenares, L. Jones, Y. Tai, P. Bain (London, United Kingdom) 
Objective: To study the clinical characteristics of a large single-centre cohort of patients with Orthostatic Tremor 
(OT) 
Background: OT is a rare but disabling condition characterised by the presence of a tremor of 13-18 Hz in the legs 
upon standing or weightbearing. Diagnosis is often delayed due to under-recognition of its symptoms, and treatment 
responses are often suboptimal. Here we report the clinical characteristics of one of the largest cohorts of OT 
patients reported in literature. 
Methods: Clinical records of 82 consecutive OT patients were reviewed. 
Results: 62.2% of the OT patients were women, in keeping with the female preponderance reported in the literature. 
The average age of onset was 50.3±16.2 years (mean ± SD); while the time from symptoms onset to diagnosis was 
8.1±9.7 yrs. The average disease duration was 14.7±11.5 yrs. 65.8% of patients had EMG study of leg tremor 
frequency on standing, and the mean frequency was 14.6±3.4 Hz. Psychiatric co-morbidity was common, with 
26.8% suffering from anxiety and/or depression. 60 patients had structural brain imaging and 20 had dopamine 
transporter SPECT, and they were all normal. One patient was classified as having secondary OT as the symptoms 
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started after Tacrolimus exposure. 
 
29.5% of patients reported an improvement of their tremor to alcohol. 40.2% of patients reported a benefit to 
Benzodiazepines (28 Clonazepam, 3 Alprazolam, 2 Diazepam), compared with 11.0% to Gabapentin, 9.8% to 
Primidone. 19.5% reported no benefit to any medications. None of the patients received neurosurgical intervention. 
 
46.3% of patients reported significant disability due to OT. 27.4% of patients required regular use of walking aids 
while 23.3% of patients needed a carer. 
Conclusions: The characteristics of our cohort are largely consistent with those reported in other large series of OT 
patients reported in literature [1,2]. Additionally, we also highlighted the delayed diagnosis experienced by many 
patients. Significant disability was reported by many patients and there was also a high incidence of psychiatric co-
morbidity. Due to the retrospective nature of the study, we were unable to ascertain if the latter were due to 
disability arising from OT. Benzodiazepines were the drug that most OT patients in our series responded to, though 
pharmacological treatments generally were inadequate to control the symptoms of most patients. There is a pressing 
need to develop a clinical rating scale for OT and better treatment for these patients. 
References: [1] Ganos et al. J Neurol Neurosurg Psychiatry. 2016; 87(2): 167-72 [2] Hasan et al. Neurology. 2016; 
86(5): 458-64 

1399 
Characteristics of patients with essential tremor evaluated for deep brain stimulation surgery at a tertiary 
center 
L. Deuel, J. Feuerstein, B. Berman, B. Hoyt, D. Kern (Aurora, CO, USA) 
Objective: Characterize patients with essential tremor (ET) referred to a tertiary center for deep brain stimulation 
(DBS), including reasons for not proceeding with surgery. 
Background: ET is the most common tremor disorder. For medically-refractory tremor, DBS to the ventral 
intermediate nucleus of the thalamus (VIM) is effective, and has become increasingly utilized. The evaluation 
process is time- and resource-consuming; therefore, it is crucial to refer appropriate patients. There are few reports 
describing the characteristics of patients referred for DBS, as well as reasons that some do not proceed with surgical 
intervention. 
Methods: We conducted a retrospective chart review of patients with ET referred for DBS evaluation at our 
institution between January 2011 and February 2019. Patients were excluded if they did not complete the 
entire evaluation process. 
Results: Sixty-seven patients were included in this analysis. The average age was 66 years at the time of referral 
(range 22-87). A minority of patients (30%) were woman; all were Caucasian. Forty-nine patients (73%) reported a 
family history of tremor. Nearly all (94%) had tried at least two medications, the most common being propranolol 
(87%), primidone (84%), topiramate (60%), and gabapentin (49%). 
Thirty-six patients (55%) underwent surgery; of those, 25 (39%) were bilateral and 11 (16%) were unilateral 
procedures. All electrodes were implanted into VIM. Twelve patients (18%) were approved for surgery but did not 
proceed. The most common reasons included perceived risk (n=4) and decision to pursue surgery elsewhere (n=3). 
Five patients were lost to follow-up after the evaluation. Nineteen patients were not approved for surgery for the 
following reasons: increased risk relative to benefit (n=6), unclear diagnosis (n=5), insufficient medication trials (n 
= 4), cognitive impairment (n=2), and poor social support (n=2). 
Conclusions: In a cohort of patients with medically-refractory ET referred for DBS, baseline demographics show a 
predominantly white male population with a strong family history of tremor and multiple medication trials. Only 
half of the patients who were evaluated ultimately underwent surgery. Our data suggest that efforts should be made 
to educate patients about the details of DBS surgery, ensure an exact diagnosis, and perform an adequate medication 
trial prior to starting the evaluation process. 
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1400 
How cognitive effort increases Parkinson's tremor - an effictive connectivity fMRI study 
M.F. Dirkx, H. Zach, A. van Nuland, B.R. Bloem, I. Toni, R. Helmich (Nijmegen, Netherlands) 
Objective: To elucidate the neural mechanisms underlying tremor amplification during cognitive effort. 
Background: Parkinson’s tremor is related to cerebral activity in both basal ganglia and a cerebello-thalamo-
cortical circuit. Cognitiveco-activation (COCO) such as during an arithmetic serial subtraction task markedly 
increases tremor amplitude, but the neural mechanisms responsible are unknown. There is evidence that cognitive 
co-activation simply reflects acute (cognitive) stress which may amplify tremor via direct noradrenergic 
mechanisms. However, it is also possible that COCO recruits a cerebral cognitive network, that indirectly influences 
tremor related activity either via excitatory (i.e. stimulating) or disinhibitory (i.e. distracting) effects. 
Methods: We collected concurrent electromyography (EMG) and functional MRI (fMRI) recordings of 33 
tremulous Parkinson’s disease patients in an OFF-medication state. During scanning, we used a block-design where 
patients were either at rest or performing a mental cognitive arithmetic serial subtraction task (COCO). Heart rate 
and pupil diameter were measured simultaneously. Next, we compared cerebral (tremor related) activity and 
effective connectivity during COCO versus rest. 
Results: COCO significantly increased tremor amplitude, pupil diameter and heart rate which were all tightly 
correlated. During both conditions, tremor amplitude correlated with cerebral activity in a cerebello-thalamo-cortical 
circuit. However, COCO increased tremor onset-related activity in the thalamus and tremor amplitude-related 
activity in the contralateral secondary somatosensory cortex, superior parietal cortex and ipsilateral motor cortex. 
Furthermore, COCO recruited an extensive cerebral cognitive control network. Dynamic Causal Modeling indicated 
that COCO directly influenced the cerebello-thalamo-cortical tremor circuit via the thalamus, and also indirectly via 
the cognitive control network. Importantly, a psycho-physiological interaction analysis showed that COCO 
increased rather than reduced functional connectivity between the cognitive control network and the cerebello-
thalamo-cortical tremor circuit. 
Conclusions: Cognitive effort amplifies tremor by stimulating tremor-related activity in the thalamus, both via a 
direct (noradrenergic) effect as well as indirectly by recruiting an extensive cognitive network that enhances tremor-
related activity in the cerebello-thalamo-cortical circuit. 
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1401 
Cerebral differences between dopamine-resistant and dopamine-responsive Parkinson’s tremor 
M.F. Dirkx, H. Zach, A. van Nuland, B.R. Bloem, I. Toni, R.C. Helmich (Nijmegen, Netherlands) 
Objective: To disentangle the cerebral mechanisms underlying dopamine-resistant versus dopamine-responsive 
tremor in Parkinson’s disease. 
Background: Parkinson’s rest tremor is related to cerebral activity in both basal ganglia and a cerebello-thalamo-
cortical circuit. Clinically, there is strong between-patients variation in the dopamine response of tremor. This 
observation has cast doubt on the idea that Parkinson’s tremor has a dopaminergic basis. Yet, it also raises the 
interesting possibility that inter-individual differences in tremor pathophysiology underlie this clinical heterogeneity. 
Previous work has shown that dopaminergic medication reduces Parkinson’s tremor by inhibiting tremulous activity 
in pallidum and thalamus, and this may explain dopamine-responsive tremor. Here we test the hypothesis that 
dopamine-resistant rest tremor may be explained by increased contributions of non-dopaminergic brain regions, 
such as the cerebellum. 
Methods: We performed a levodopa-challenge test in 83 tremulous Parkinson patients, and selected 20 patients with 
a markedly dopamine-responsive tremor (71% reduction) and 14 patients with a markedly dopamine-resistant tremor 
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(6% reduction). The dopamine response of other motor symptoms was matched between groups. In all 34 patients, 
we used combined EMG-fMRI to quantify tremor-related brain activity on two separate sessions: after placebo or 
after 200/50 mg levodopa/benserazide. We compared tremor-related brain activity between groups and medication 
sessions. 
Results: Both groups showed tremor amplitude-related brain activity in a cerebello-thalamo-cortical circuit. 
Dopamine-resistant tremor patients showed increased tremor-related activity in non-dopaminergic areas 
(cerebellum), whereas the dopamine-responsive group showed increased tremor-related activity in the thalamus and 
secondary somatosensory cortex (across medication sessions). Levodopa inhibited tremor-related thalamic responses 
in both groups, but this effect was significantly greater in dopamine-responsive patients. 
Conclusions: Dopamine-resistant tremor may be explained by increased cerebellar and reduced somatosensory 
influences onto the cerebellar thalamus (VLpv), making this region less susceptible to inhibitory effects of 
dopamine. 
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1402 
Is directional stimulation of the VIM superior to omnidirectional stimulation in patients with essential 
tremor? 
S. Fliegen, P. Nikolov, C. Hartmann, P. Slotty, J. Vesper, A. Schnitzler, S. Groiß (Düsseldorf, Germany) 
Objective: To determine whether directional stimulation of the VIM is superior to omnidirectional stimulation in 
essential tremor. 
Background: Deep brain stimulation (DBS) of the VIM is a well-established therapy in the management of 
essential tremor but is frequently associated with side effects like gait ataxia. Directional current steering may be a 
way to activate fiber tracts more selectively, thereby widening the therapeutic window. 
Methods: For this prospective, randomized, double blind study 10 patients with ET (5 men, 5 women) treated with 
chronic deep brain stimulation (DBS) of the ventral intermediate thalamic nucleus (VIM) were recruited. To 
compare efficacy of current steering in VIM-DBS, therapeutic window was calculated under directional (3 
directions) and omnidirectional stimulation by determining effect and adverse effect thresholds. Clinical efficacy 
was assessed by comparing impact of directional and omnidirectional stimulation settings on tremor rating scales 
(TRS, TETRAS), ataxia rating scales (mICARS, SARA) and accelerometry (Kinesia©). Total electrical energy 
delivered (TEED) was measured under both conditions. 
Results: Therapeutic window under best directional stimulation tended to be wider than under omnidirectional 
stimulation. This resulted from a significantly lower effect threshold under best directional stimulation compared to 
omnidirectional stimulation, while there was no difference in terms of adverse effects. Best and second-best 
directional stimulation had a significantly wider therapeutic window than the third-best directional stimulation. In 
terms of clinical efficacy, we did not find significant differences. TEED at the adverse effect threshold was 
significantly higher under directional than under omnidirectional stimulation. 
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Conclusions: Directional stimulation is at least equally effective, compared to omnidirectional stimulation. 
Regarding effect threshold, our data even suggest a superiority of directional stimulation settings. Moreover, 
superiority of certain directions of stimulation may indicate a directional stimulation to be advantageous in case a 
DBS lead is not optimally placed. Under directional stimulation higher energy levels are needed to evoke adverse 
effects than under omnidirectional stimulation. 

1403 
Asymmetrical striatal dopamine transporter binding correlates with excess contralateral rest tremor 
A. Fois, F. Chang, R. Barnett, K. London, N. Mahant, A. Ha, Z. Aldaajani, B. Cruse, H. Morales-Briceno, K. Ma, V. 
Fung (Camperdown, Australia) 
Objective: To investigate the relationship between striatal dopamine transporter binding and rest tremor. 
Background: In vivo dopamine transporter imaging is a useful tool for distinguishing nigrostriatal degenerative 
conditions (e.g. Parkinson’s disease) from other, non-progressive causes of tremor. However, while many of the 
motoric features of Parkinson’s disease (e.g. bradykinesia, rigidity, hypomimia) correlate well with reduced striatal 
dopamine transporter binding, the same relationship has not been demonstrated for tremor.(1) This poses a paradox, 
given the tendency for Parkinsonian tremor to preponderate on the side that is worst affected by bradykinesia and 
rigidity,(2) to respond to levodopa, and to correlate with imaging markers of contralateral striatal dopaminergic 
function in animal studies.(3) 
Methods: Participants with upper limb tremor were recruited for the study. Participants  underwent standardised 
clinical assessment, structured and videotaped clinical examination, tremor neurophysiology study of both upper 
limbs using accelerometry and surface EMG, and Technetium-99m TRODAT-1 brain SPECT imaging. Normalised 
striatal uptake values were calculated. Tremor EMG and accelerometry time series were processed with Fourier 
transformation to identify peak tremor power within a window of 3-10 Hz. 
Results: 27 participants were recruited. Multiple regression analysis of tremor power in a limb sEMG or 
accelerometry channel versus contralateral striatal uptake failed to yield any significant associations. However, 
analysis of the difference or ratio between left and right tremor power for each participant yielded associations 
between excess rest tremor in a limb and reduced dopamine transporter binding in the contralateral striatum (as 
compared with the ipsilateral striatum). No such association was found for postural or kinetic tremor. 
Conclusions: These data suggest a relationship between rest tremor and a contralateral reduction in striatal 
dopamine binding. Use of quantitative neurophysiology techniques and side-to-side comparison of data for each 
participant may allow the demonstration of clinico-pathophysiological relationships in tremor that have remained 
occult to previous studies. 
References: 1. Helmich RC, Hallett M, Deuschl G, Toni I, Bloem BR. Cerebral causes and consequences of 
parkinsonian resting tremor: a tale of two circuits? Brain. 2012;135(Pt 11):3206-26. 2. Toth C, Rajput M, Rajput 
AH. Anomalies of asymmetry of clinical signs in parkinsonism. Movement disorders : official journal of the 
Movement Disorder Society. 2004;19(2):151-7. 3. Eberling JL, Pivirotto P, Bringas J, Bankiewicz KS. Tremor is 
associated with PET measures of nigrostriatal dopamine function in MPTP-lesioned monkeys. Exp Neurol. 
2000;165(2):342-6. 

1404 
Activity of Neurosteroid GABAA Positive Allosteric Modulators in Preclinical Harmaline Model for Essential 
Tremor 
S. Gee, R. Hammond, A. Robichaud, J. Doherty, F. Salituro, M. Quirk, M. Ackley, B. Farley, S. McTighe, T. 
Kazboda, A. Althaus, C. Maciag, M. Blanco (Cambridge, MA, USA) 
Objective: The objective of the present study was to test the activity of neurosteroid (NAS) GABAA positive 
allosteric modulators, including novel synthetic NAS SGE-516, at synaptic and extrasynaptic GABAARs and in a 
preclinical model of tremor. 
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Background: GABAA receptors are heteropentameric chloride-conducting ion channels comprised of 5 subunits: 
two α, two β, and one γ, δ, ρ, θ, π or ε . 
Methods: Recording of GABA currents in recombinant cells: Modulation of GABA currents by NAS was assessed 
using recombinant α1β2γ2 (representative synaptic) and α4β3δ (representative extrasynaptic) GABAARs expressed 
in LTK and CHO cells, respectively. Recording of GABA currents cerebellar slice: Modulation of extrasynaptic 
(tonic inhibition) and synaptic (phasic inhibition) GABA currents was assessed using whole-cell voltage clamp 
recordings in rat cerebellar granule cells. Baseline-normalized changes in holding current and inhibitory 
postsynaptic current decay was measured following application of 0.05, 0.1, and 1 μM of NAS compounds. 
Measuring harmaline-induced kinetic tremor in mice: Harmaline (10 mg/kg, i.p.) tremor was measured in mice 
using a piezoelectric (PZ) plate. Vehicle or NAS (0.3, 1, 3 mg/kg, i.p.; n = 15 mice/ group) was administered 30 min 
prior to harmaline administration. PZ power was measured for 20 min following harmaline administration. 
Frequency power histograms were constructed and differences between treatment groups were assessed. 
Results: NAS SGE-516, positively modulated both synaptic and extrasynaptic GABAA receptors in heterologous 
cells. Additionally, SGE-516 increased both synaptic and extrasynaptic GABAAR currents in cerebellar granule 
cells. SGE-516 (1.0 mg/kg, i.p.) led to a significant reduction of peak harmaline response between 10-20Hz (51.5 ± 
13.6% (mean ± sem) reduction, p <0.005, one-way ANOVA, Holm-Sidak’s multiple comparison test) and a 
reduction of PZ power relative to harmaline across time. 
Conclusions: NAS SGE-516, is a positive modulator of both synaptic and extrasynaptic GABAARs and is effective 
in a preclinical model of tremor. By modulating network excitability in a manner distinct from historical 
GABAergic treatments (e.g. benzodiazepines) it is hypothesized that neurosteroid GABAA receptor modulators may 
also have a therapeutic potential beyond seizure disorders. 

1405 
Hemifacial Involvement in a Patient with Oculopalatal Tremor Due to Inferior Olivary Hypertrophy 
C. Gill, M. Bailey (Chicago, IL, USA) 
Objective: To describe a case of oculopalatal tremor with hemifacial involvement due to hypertrophic inferior 
olivary degeneration after pontine hemorrhage. 
Background: Symptomatic palatal tremor develops months after structural lesions that disrupt gabanergic 
connections from the dentate nucleus to the contralateral inferior olivary nucleus.  Maladaptive linkages to the 
cerebellar cortex cause pendular ocular oscillations characteristic of oculopalatal tremor. Oculopalatal tremor can 
occur with other brainstem pathology such as eight-and-a-half syndrome, but the mechanism by which synchronous 
hemifacial clonic movements would occur is unknown. 
Methods: Case report. 
Results: A 38-year-old Asian woman with Fahr disease, prior diagnosis of hemifacial spasm and hypertensive right 
pontine intracranial hemorrhage one year prior complicated by quadriplegia and persistent respiratory failure 
requiring tracheostomy was admitted to the intensive care unit for urosepsis. Neurology was consulted for 
reevaluation of left “hemifacial spasm” present for several months. Family reported the patient was intermittently 
able to communicate using head signals, and could move her limbs spontaneously and occasionally to command. 
Examination revealed a comatose, ventilator-dependent woman with diffuse spasticity and semirhythmic clonic 
movements involving the left lower facial muscles which were synchronous with torsional left ocular and vertical 
right ocular myoclonus and palatal myoclonus. No factors that improved or exacerbated the facial twitching were 
identified, including antiepileptic medications, and prolonged video electroencephalogram was negative for 
electrographic seizures. Neuroimaging was notable for brainstem atrophy worsened since last imaging, and 
T2/FLAIR hyperintensity and enlargement of the inferior olivary nucleus bilaterally, more prominently on the right. 
No other new neuropathology was identified. 
Conclusions: We describe a patient who developed involuntary facial movements synchronous with symptomatic 
oculopalatal tremor in association with hypertrophic olivary degeneration after right pontine hemorrhage. Palatal 
tremor with facial involvement has been described in two prior case reports and is not commonly recognized, as 
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evidenced by this patient previously diagnosed with hemifacial spasm.[1] This case report was submitted to the 
American Academy of Neurology 2019 annual meeting. 
References: [1] Bolen RD, Balakrishnan MDN. Palatal myoclonus, eight-and-a-half syndrome, and Holmes tremor 
in a patient from a single brainstem lesion. J Neurol Sci 2014; 347(1-2):411-2. 

1406 
The Prevalence of Essential Tremor in Edirne and Its Districts Concomitant Comorbid Conditions 
S. Güler, A. Caylan, N. Turan (Edirne, Turkey) 
Objective: We aimed to determine the prevalence and risk factors of Essential Tremor (ET) in Edirne and its 
districts, located in Western Thrace, which is the most western part of Turkey. 
Background: Essential tremor (ET) is the most common tremor disorder and among the most common neurological 
disorders (1-2) . The cause(s) of essential tremor (ET) remains poorly understood. Observers agree that persons with 
ET are prone to anxiety and depression; however, the reason for this is not clear (3-4) . 
Methods: In this study, 3008 individuals who could communicate and agreed to participate in the study were 
evaluated. To obtain the data from the applicants in 30 Family Health Centres in Edirne and its districts, a face-to-
face questionnaire that consisted of 37 questions was prepared by the researchers. The questionnaire included 
general information, questions to evaluate potential concomitant comorbid conditions and questions regarding the 
symptomatology used in ET diagnosis, as well as questions to evaluate ET severity was examined with spiral test. 
Patients were classified by using Washington Heights-Inwood Genetic Study of Essential Tremor (WHIGET) 
diagnostic and clinical evaluation scale. According to the diagnostic criteria for ET (used in participants who were 
examined and in those whose medical records were reviewed) were similar to those used in a study conducted in 
Turkey. 
Results: Of 3008 individuals, 173 were diagnosed with ET according to the questionnaire results from Edirne and 
its districts, and the prevalence of ET was 5.8%. Approximately, 43.4% of the patients with ET were male, and 
56.6% were female, which was not significantly different (p>0.05). Participants with tremor related to alcohol 
withdrawal, hyperthyroidism, anxiety, depression other known causes of tremor were not considered to have ET. 
Thyroid disease was identified in 0.0 % of the cases and control group was detected in 1.4 %, which was not 
significantly different (p=0.170). Psychiatric disease was identified in 0.0% of the cases and control group was 
detected in 1.3 %, which was not significantly different (p=0.271). 
Conclusions: ET prevalence studies will increase the awareness of the community and provide early diagnosis and 
treatment, as well as serve as a basis to reduce morbidity and improve the quality of life. 
References: 1-Louis ED, Hernandez N, Alcalay RN, Tirri DJ, Ottman R, Clark LN. Prevalence and features of 
unreported dystonia in a family study of “pure” essential tremor. Parkinsonism Relat Disord. 2013;19(3):359–62. 2- 
Louis ED, Ferreira JJ. How common is the most common adult movement disorder? Update on the worldwide 
prevalence of essential tremor. Mov Disord 2010;25:534–41. 3- Seijo-Martinez M, Del Rio MC, Alvarez JR, Prado 
RS, Salgado ET, Esquete JP, et al. Prevalence of essential tremor on Arosa Island, Spain: a community-based, door-
to-door survey. Tremor Other Hyperkinet Mov; 2013;3. 4-Tanner CM, Goldman SM, Lyons KE, et al. Essential 
tremor in twins: an assessment of genetic vs environmental determinants of etiology. Neurology. 2001; 57:1389–91. 

1407 
Investigation of the Effects of Propranolol on DRD3, SLC1A2 and HTRA2 Gene Expression in Patients with 
Essential Tremor 
M. Gultekin, N. Kandemir, M. Mirza, M. Kara, N. Tascıoglu, M. Dundar (Kayseri, Turkey) 
Objective: The aim of this study investigation of the effects of gene expressions before and after propranolol 
treatment. 
Background: Essential tremor (ET) is the most common disease among movement disorders. It’s prevalence 
increseases with age. About 50% of ET patients have affected members in their families. Until today genetic 
researches on ET have described more than one different gene loci responsible for the disease. In the population 

This article is protected by copyright. All rights reserved.



studies ETM1-4, HS1BP3, DRD3, LING01, SLC1A2, FUS, HTRA2 and TENM4 genes have been shown to on 
responsible in the disease’s genetic patterns. 
Methods: This prospective study was formed by the two  groups.  The patient group was collected 38 ET patients 
and second group was collected 20 healthy control.  Then, DRD3, SCL1A2 and HTRA2 gene expressions were 
evaluated before treatment among the groups. Finally, these genes expressions were evaluated again among the ET 
patient group two months after the propranolol treatment. 
Results: We found that gene expression of the DRD3 and SLCA2 was lower than control group. But, HTRA2 gene 
expression value was higher compared to control. In the patient group DRD3 gene expression value was determined 
as 1.2 ± 1.6. This ratio was found 5.3±4.7 in the control group. The DRD3 gene expression was found as 0.7±0.6 
after the propranolol treatment. SLC1A2 gene expression value was determined as 2.3±3. In the control group the 
value found 10.6±8.2. The value of SLC1A2 gene expression determined  0.4±4 after propranolol treatment. 
HTRA2 gene expression in patient group (6.2±7.5) was found higher compared to control group (1.8±0.98). This 
rise determined to be partially decrease (4.3±6) after the period of propranolol treatment. 
Conclusions: Our results indicates that  the same similarity to the repressive character of propranolol over the 
protein synthesis and gene expression in prior studies. The therapeutic effects of propranolol in the patients with ET 
can be explained by its impessive effects on the brain functions together with its repressive effects on the protein 
synthesis and gene expression. 
References: 1- S.-W. Yu, C.-M. Chen, Y.-C. Chen et al., “SLC1A2 variant is associated with essential tremor in 
taiwanese population,” PLoS ONE, vol. 8, no. 8, article e71919, 2013. 2- H. U. Gulsuner, S.Gulsuner, F. N. Mercan 
et al., “Mitochondrial serine protease HTRA2 p.G399S in a kindred with essential tremor and Parkinson disease,” 
Proceedings of the National Academy of Sciences of the United States of America, vol. 111, no.51, pp. 18285–
18290, 2014. 3- Thier S. Polymorphisms in the glial glutamate transporter SLC1A2 are associated with essential 
tremor. Neurology 2012; 79: 243–8. 

 

1408 
Prevalence and Patterns of Rest and Action Tremor in Drug-naïve Parkinson’s Disease 
D. Gupta, J. Boyd, S. Kuo (Burlington, VT, USA) 
Objective: We aimed to describe the prevalence and patterns of rest and action tremor in a large, prospective cohort 
of Parkinson’s disease (PD) patients. 
Background: Rest tremor (RT) a cardinal and most visible symptoms of PD[1]. However, there is a surprising lack 
of data its prevalence in PD. The relationship of RT with action tremor (AT) in PD is also poorly described. 
Methods: Baseline data of PD patients (n = 418) from the Parkinson Progression Marker Initiative (PPMI) study[2], 
were accessed as of September 1, 2018. RT, postural tremor, and kinetic tremor were captured by value of >= 1 on 
items 3.17, 3.15, and 3.16, respectively, in part III (motor) of the MDS-UPDRS scale. AT was defined by presence 
of both postural AND kinetic tremor. RT severity was calculated by adding five sub-items of RT (3.17) and then 
multiplying the sum with constancy of RT (3.18). 
Results: Approximately 88% of patients had at either rest, postural or action tremor [figure1], compared to 27% of 
patients who had rest, postural and action tremor [figure2]. 
Prevalence of RT was highest at ~ 69% [figure3] followed by postural tremor at ~ 53% [figure4] and kinetic tremor 
at ~ 51% [figure5]. 
AT was present in 37% (156/423) patients [figure6], among which ~74% also had RT [figure7]. 
Among patients with RT (290/423), 40% had AT [figure8]. In contrast, among patients with no RT (156/ 423), ~ 
30% had AT [figure9]. 
Among patients with RT (290/423), those with AT had significantly (p = 0.000) higher RT severity (7 ± 5.4) versus 
those without AT (3.9 ± 3.3). 
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Conclusions: Prevalence of RT is 69% compared to prevalence of AT of 37% in drug-naive PD patients. The PD 
patients with RT have higher prevalence and severity of AT, compared to the PD patients without RT. These results 
suggest that there may be cross-interactions between basal ganglia and cerebellothalamic circuitry in mediating RT 
and AT, respectively, in PD. 
References: 1. Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria for Parkinson's disease. 
Movement disorders 2008;30:1591-1601. 2. Marek K, Jennings D, Lasch S, et al. The parkinson progression marker 
initiative (PPMI). Progress in neurobiology 2011;95:629-635. 3. Goetz CG, Tilley BC, Shaftman SR, et al. 
Movement Disorder Society‐sponsored revision of the Unified Parkinson's Disease Rating Scale (MDS‐UPDRS): 
Scale presentation and clinimetric testing results. Movement disorders 2008;23:2129-2170. 
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1409 
Ipsilateral worsening of essential tremor by thalamic deep brain stimulation 
U. Hidding, C. Choe, B. Müller, C. Buhmann, W. Hamel, C. Moll, C. Gerloff, M. Pötter-Nerger, S. Zittel (Hamburg, 
Germany) 
Objective: To investigate ipsilateral sensorimotor effects of thalamic deep brain stimulation (DBS). 
Background: DBS at the border of the ventrointermediate thalamus (VIM) and the subthalamic area (STA) 
improves contralateral essential tremor (ET) resistant to medical treatment [1]. Ipsilateral effects on tremor are less 
well understood despite known ipsilateral anatomical connections along the dentato-rubro-thalamic tract [2]. 
Methods: We report the case of a 77 year old woman who underwent DBS for ET in the left VIM /STA (5 months 
after DBS implantation, no tremor medication, St. Jude Infinity). An unilateral operation was undertaken because of 
lateralized tremor and higher perioperative risk due to age and comorbidities. Coordinates of the active contact of 
the DBS electrode were x=11.67 mm lateral, y = 6.27 mm posterior and z = -0.69 mm inferior in relation to the 
midcommisural point of the AC-PC-line. Stimulation parameters were 3 (ABC)- C+, 2.1 mA, 60 µs, 130 Hz.   
We evaluated tremor severity by generating a sum score of the Fahn-Tolosa-Marin-Tremor-Rating-Scale (FTMTRS) 
for each side in the stimulation ON- and OFF-condition (items 5/6 for rest / posture / action tremor and item 14 for 
pouring a glass of water). 
Results: As expected, tremor of the right side was strongly suppressed by contralateral DBS (OFF: 9, ON: 1). Only 
mild preoperative tremor on the left side was increased by ipsilateral DBS (OFF: 2, ON: 5). In particular, pouring a 
glass of water was worse (OFF: 1, ON: 3). 
Conclusions: Ipsilateral effects of VIM / STA DBS are not well characterized yet and need further investigations. 
We suggest that ipsilateral worsening of tremor should be taken into account as possible adverse effect in patients 
with unilateral VIM/STA-DBS. 
References: [1] Benabid AL, Pollak P, Gervason C, Hoffmann D, Gao DM, Hommel M, et al. Long-term 
suppression of tremor by chronic stimulation of the ventral intermediate thalamic nucleus. Lancet (London, 
England). 1991;337:403–6. [2] Meola A, Comert A, Yeh F-C, Sivakanthan S, Fernandez-Miranda JC. The 
nondecussating pathway of the dentatorubrothalamic tract in humans: human connectome-based tractographic study 
and microdissection validation. J. Neurosurg. 2016;124:1406–12. 

1410 
Oculopalatal tremor (OPT) in a patient with anti-GAD brainstem encephalitis: A case report 
M.F. Ip, S.H. Li, T.Y. Wai, L.Y. Wong (Sheung Shui, Hong Kong) 
Objective: To report a case of OPT as consequence of anti-GAD brainstem encephalitis 
Background: OPT is caused by insult to the Guillain-Mollaret triangle. Common etiologies include brainstem 
haemorrhages or infarcts, cavernoma, trauma, or post irradiation.  
Anti-GAD (glutamic acid decarboxylase) is associated with a spectrum of disorders, including stiff person 
syndrome, cerebellar ataxia, limbic encephalitis, myoclonus, and temporal lobe epilepsy syndrome. However, 
brainstem dysfunction is less commonly reported. 
Methods: A  45 year old male presented in Oct 2017 with fever, bilateral horizontal gaze palsy and limb ataxia. 
MRI brain showed T2 hyperintense signal involving posterior pons and lower midbrain. CSF showed lymphocytic 
pleocytosis, but negative tuberculosis, bacterial, viral, fungal culture, cytology and oligoclonal band. He improved 
after pulse steroid. However, in Dec 2017, oral prednisone was rapidly tapered off due to steroid induced psychosis. 
In Jan 2018, he had recurrent brainstem encephalitis, presenting with impaired consciousness, impaired horizontal 
gaze, dysarthria, generalised weakness and ataxia. MRI showed extensive T2 hyperintense lesion involving posterior 
part of midbrain to medulla. He soon suffered from aspiration pneumonia requiring mechanical ventilation. After 
IVIG and pulse steroid, he regained full consciousness. In Feb 2018, there was rhythmic vertical oscillation of his 
eyes and soft palate, compatible with OPT. MRI brain in Apr 2018 showed inferior olivary nucleus hypertrophy and 
resolved T2 hyperintense signal in the rest of the brainstem (Figure 1). 
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Results: Patient was put on mycophenolate mofetil and tapering schedule of prednisolone to maintenance dose. 
Extensive test on autoimmune antibodies found positive serum anti-GAD. Whole body PET-CT did not reveal 
occult malignancy. He still had impaired horizontal gaze, limb ataxia and bulbar dysfunction requiring nasogastric 
tube feeding and tracheostomy. Besides, he suffered from troublesome opcillopsia. Treatment with gabapentin, 
memantine and clonazepam did not result in significant improvement. 
Conclusions: Manifestations of anti-GAD include brainstem encephalitis. OPT occurs as a late consequence of 
insult to Guillain-Mollaret triangle. Ocular tremor causes oscillopsia, which is often difficult to treat. Treatment 
included gabapentin, memantine, baclofen, clonazepam, carbamazepine, valproate and levetiracetam. 
References: 1) Caroline Tilikete and Virginie Desestret. Hypertrophic Olivary Degeneration and Palatal or 
Oculopalatal Tremor. Front. Neurol. 8:302. 2) M. Vianello, B. Tavolato, B. Giometto. Glutamic acid decarboxylase 
autoantibodies and neurological disorders. Neurol Sci (2002) 23:145–151 

 

1411 
Carpal Tunnel Syndrome in Patients with Tremor 
L. Jackson, F. Ali (Rochester, MN, USA) 
Objective: To determine whether patients who present with tremor have an increased risk of carpal tunnel syndrome 
(CTS). 
Background: Carpal tunnel syndrome is the most common mononeuropathy and can lead to significant functional 
impairment of the affected hand. Prior studies have suggested Parkinson’s disease with unilateral resting tremor is 
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associated with increased risk of carpal tunnel syndrome in the unaffected arm; however, it is unclear whether 
patients with other forms of tremor are also at an increased risk of carpal tunnel syndrome [1]. 
Methods: We included all patients who consecutively presented to movement disorders clinic at Mayo Clinic, 
Rochester during the months of September and October 2018. The tremor was classified as resting, action, or mixed. 
Patients were screened for signs and symptoms of carpal tunnel syndrome. 
Results: Out of 36 patients that were consecutively seen, 16 had a complaint of tremor. Two patients had functional 
tremor, four patients had essential tremor, and ten patients had parkinsonism. Four patients had resting tremor, six 
had action tremor, and ten patients had mixed tremor. The median age was 62 (IQR 56.3-70.5) years, with the 
median duration of tremor onset to diagnosis of three (IQR 2.0-4.3) years.  Three (18.8%) of the sixteen patients had 
carpal tunnel syndrome. Of these, one patient had a mixed tremor, one had a resting tremor, and one had an action 
tremor. On EMG, two patients had findings of bilateral carpal tunnel syndrome with severe findings involving the 
more tremor-affected arm. None of the patients with essential tremor had carpal tunnel syndrome. None of the 
patients with CTS had any predisposing risk factors such as hypothyroidism, rheumatoid arthritis, diabetes mellitus, 
or obesity. Carpal tunnel syndrome tended to occur in patients with moderate to severe tremor versus mild tremor 
(p=0.0714). 
Conclusions: Patients with moderate to severe tremor are more likely to develop symptoms of CTS in the tremor 
affected limb, though they may have electrophysiologic evidence of bilateral CTS. Essential tremor does not appear 
to have an increased risk of CTS. Larger cohort studies are needed to further confirm these findings. 
References: [1] Han SW, Cheon KY, Kim JY, Baik JS. Carpal tunnel syndrome in patients with tremor dominant 
Parkinson’s disease. PLoS One. 2015 Jun 19;10(6):e0130779. 

1412 
Age of onset and diagnosis of Essential Tremor 
F. Jamal, S. Moore, G. Jackson, A. Sarwar (Houston, TX, USA) 
Objective: This study was designed to determine the relationship between age of onset and age at clinical diagnosis 
of Essential Tremor (ET). 
Background: ET is the most common movement disorder, with a prevalence of about 5 % in the general 
population, rising to over 20% in the elderly. Recently the International Parkinson and Movement Disorder Society 
tremor task force issued a consensus statement on tremor classification. Determination of accurate age of onset 
and rough categorization of patients was proposed based on age groups. Different clinical features, mode of 
progression, co-morbidities and mortality have been reported for early and late onset ET. We studied the association 
between age of onset and age when a diagnosis of ET was established. 
Methods: The Movement Disorders Clinical Case Registry (MD-CCR) is an application that works within a specific 
US Veterans Health Administration medical center’s electronic medical record (EMR) to query and export 
information. The MD-CCR in Houston was queried for all patients with ICD-9/10 codes of 333.1 and/or G25.0 seen 
in a movement disorder center’s outpatient clinics during the time period September 1, 2001 – March 31, 2018. Each 
patient’s EMR was reviewed to verify the diagnosis of ET and to find information on the age at onset of symptoms 
and age at diagnosis. Those with available information on both ages were divided into age groups based on the MDS 
Consensus Statement on the Classification of Tremors[1]. 
Results: Of 1468 patients with at least one of the codes, 1181 (80.4%) had evidence of ET in the EMR, and 1148 
had information for both ages. For the age-onset categories, the totals and percentages were: [Childhood n=10, 1%], 
[Adolescence 110, 10%], [Early adulthood 232, 20%], [Middle adulthood 371, 32%], and [Late adulthood 425, 
37%]. The mean age at the time of diagnosis and latent period (LP) to seek medical attention for ET was: childhood 
group; 58.70 years, LP: 49.40 years, adolescence group; 55.65 years, LP: 37.76 years, early adulthood group; 56.72 
years, LP: 22.47 years, middle adulthood; 62.53 years, LP: 7.32 years, and late adulthood; 72.32 years, LP: 4.11 
years. 
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Conclusions: Late adulthood constituted the largest group in this ET cohort. They were also diagnosed with ET 
within the shortest time frame as compared to other groups. This could be due to faster progression of tremor or 
increasing concern among patients and referring physicians for an underlying neurodegenerative disorder. 
References: Deuschl G, Bain P, Brin M. Consensus statement of the Movement Disorder Society on Tremor. Ad 
Hoc Scientific Committee. Mov Disord 1998;13(Suppl 3):2-23. 

1413 
Different patterns of cortical and subcortical perfusion changes in essential tremor and tremor-dominant 
Parkinson’s disease using voxel-based analysis of 3D arterial spin-labeling imaging 
L. Jin, J. Wang, C. Wang (Shanghai, China) 
Objective: We aimed to evaluate cerebral blood flow (CBF) in patients with untreated ET, de novo tremor-
dominant PD (PDT) and age- and gender- matched controls using a three-dimensional (3D) continuous pulse arterial 
spin labeling (ASL) technique. 
Background: Essential tremor (ET) is the most common motor disorder in the elderly, while the etiology and 
pathophysiology of ET are still little to be known and it remains a challenge to differentiate ET from tremor-
dominant Parkinson’s disease (PDT ) in the early stage. To date, there are few studies that have examined changes 
of cerebral blood flow(CBF) , that may be a potential biomarkers to differentiate untreated patients with ET from 
those with de novo PDT and indicate correlation between non-motor manifestations and abnormal metabolic brain 
regions. 
Methods: Twenty-four untreated ET patients, 25 de novo PDT patients and 49 healthy control subjects who 
underwent clinical examination, motor and cognitive evaluations were recruited. Three-dimensional continuous 
pulse arterial spin labeling (3D pCASL) scan were used to investigate CBF with a voxel-based brain analysis. The 
voxel-wise ANOVA and t tests were performed with p value set at < .001 corrected using AlphaSim taking a 
contiguous cluster of at least 125 voxels as significant. 
Results: No significant differences were found in CBF between patients with ET and control group. The patient 
with PDT showed relatively decreased metabolic brain regions including left superior frontal gyrus , left middle 
frontal gyrus and occipital lobe sub-gyral comparing with controls, while relative increased region were seen in the 
right superior frontal gyrus. When comparing ET with PDT, the hyperperfusion regions were seen in the right 
cerebellum posterior lobe, left caudate, bilateral middle frontal gyrus, left Lingual Gyrus and left parietal Lobe sub-
gyral. 
Conclusions: These imaging data showed altered metabolic patterns of tremor disorders, which indicated different 
pathophysiological mechanism. 

1414 
Holmes Tremor: contribution of Botulinum toxin injection strategy guided by electromyographic (EMG) 
polygraphic recording 
F. Jomier, Y. Beaugendre Ahmar, E. Apartis, D. Grabli (Paris, France) 
Objective: To show that botulinum toxin injections guided by EMG polygraphic recording is effective to 
improve  proximal upper limbs tremor. 
Background: Holmes tremor is highly disabling, there is no effective medical therapy and use of botulinum toxin 
injections has had mixed results. 
Methods: We analyzed upper limb muscles involved in the tremor 
from surface electromyographic polygraphic recording to guide the strategy of botulinum toxin injection. 
Electromyographic examination was conducted at rest, with postures holdings and with tasks (spiral drawing...). 
This resulted in a tremor scale (from 0 to 3) in each activity achieving an average for each upper limb muscles. 
Patients were evaluated before injection and a month later to assess the effectiveness and tolerance of treatment. 
Outcome measures included modified Fahn Tolosa Marin tremor rating scale (FTMm) and a patient centered 
functionnal scale (COPM...). 
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Results: Eleven patients were included in the study (8 female and 3 men). The majority (82%) had multiple 
sclerosis. The tremor was present for an average of 8 years. Our study shows the involvement of the deltoid muscle 
in the tremor of the upper limb and our work shows a significant decrease of tremor after one month on the FTMm ( 
50.6 ± 4.32 ; 43,2 ± 4,59; p=0.042) and on upper extremity-specific clinical rating (16 ± 6.0; 11 ± 5.7; p= 0.043) 
without significant modification of the COPM. One patient developed slight weakness of shoulder abduction. 
Conclusions: The current findings support the effectivness of injection of botulinum toxin guided by 
electromyographic polygraphic recording in the treatment of Holmes tremor. 
References: [1] Kim, Samuel D., Con Yiannikas, Neil Mahant, Steve Vucic, et Victor S.C. Fung. « Treatment of 
proximal upper limb tremor with botulinum toxin therapy ». Movement Disorders 29, no 6 (2014) : 835-38; [2] Van 
Der Walt, A, S Sung, T Spelman, M Marriott, S Kolbe, P Michell, A Evans, et H Butzkueven. « A double-blind, 
randomized, controlled study of botulinum toxin type A in MS-related tremor. » Neurology 79, no 1 (7 2012) : 92-
99. 
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1415 
Resting-State fMRI in Essential Tremor after MRgFUS treatment 
C. Kindler, V. Purrer, N. Upadhyay, V. Keil, V. Borger, C. Pieper, L. Scheef, H. Boecker, U. Wuellner (Bonn, 
Germany) 
Objective: Identify network alterations in essential tremor (ET) after magnetic resonance–guided focused 
ultrasound (MRgFUS) treatment using independent component analysis (ICA). 
Background: MRgFUS has been approved by the FDA to treat patients with “medication-refractory tremor by 
thermal ablation of the designated area in the brain responsible for the movement disorder symptoms (ventralis 
intermedius, VIM)” of the thalamus. Whether it is indeed a lesion of the VIM or the cerebello-thalamo-cortical tract 
(CTT) or both is difficult to decipher and has not been fully explored yet. Resting-state fMRI (rs-fMRI) is a 
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neuroimaging technique to explore functional networks. ICA is a robust data driven approach to explore functional 
networks without a priory hypothesis. 
Methods: We enrolled 12 consecutive patients with medication-refractory right-sided tremor, treated with 
contralateral MRgFUS. 
The ExAblate Neuro device creates a precise temperature zone within the thalamus: temperatures of ~50C will 
inactivate the tremor sensitive zone only briefly. The treatment procedure was started using standard stereotaxic 
coordinates (14mm lateral to midline, 1 mm above AC-PC, 0,25(AC-PC) anterior) but a permanent lesion was 
created in the location which was identified by the patient as being most efficacious and devoid of side effects. 
For each patient among others, demographic data, tremor severity (Fahn-Tolosa-tremor rating scale, TRS) and 3T 
rs-fMRI were acquired one day prior and three days after treatment. Rs-fMRI images were preprocessed and 
analysed using the FMRIB Software Library (www.fmrib.ox.ac.uk/fsl). Group-level ICA was implemented to 
explore functional networks across all participants before and after MRgFUS; a paired t-test was applied across all 
networks to investigate brain connectivity alterations after MRgFUS (P < 0.05). 
Results: All patients showed reduced tremor amplitude immediately after treatment. Improvement in tremor 
severity ranged from 42 to 62% (TRS). 
ICA across all networks revealed decreased resting-state functional connectivity mainly restricted to the CTT (e.g. 
thalamus, primary motor cortex, dorsolateral prefrontal cortex and contralateral cerebellum). Other networks showed 
no alterations in functional connectivity. 
Conclusions: The preliminary results suggest that treatment with MRgFUS affects mainly the CTT, while other 
networks remained unaffected. 

1416 
Does lesion localisation predict tremor characteristics in patients with focal cerebellar lesion? 
A. Kovács, M. Kiss, A. Kamondi (Budapest, Hungary) 
Objective: To determine if lesion localisation correlates with tremor characteristics in patients with focal cerebellar 
lesion. 
Background: It is a clinical experience that acute lesions of the cerebellum induce pathological tremor, which tends 
to improve. Focal cerebellar lesions might cause a low frequency and low intensity tremor, however, there is still 
lack of evidence why some patients do, some other patients do not develop pathological tremor. Earlier lesion-
symptom mapping studies demonstrated that upper limb movements are somatotopically represented in the anterior 
lobe and lobule VIII of the cerebellar cortex. It is not known whether focal lesions affecting these structures are 
associated with the onset of pathological tremor. 
Methods: We studied the prevalence and quantitative parameters of tremor measured with biaxial accelerometry in 
34 patients with focal cerebellar (and brainstem) lesions. Tremor intensity, center frequency, frequency dispersion 
and proportional power of 0.9-3 Hz range were automatically calculated. Lesion location and lesion size was 
precisely determined using 3D T1 weighted MRI images which were normalised and segmented according to a 
spatially unbiased atlas template (SUIT) for the cerebellum. 
Results: The size of the lesion did not correlate with the presence or severity of tremor. Lesions with overlapping 
location caused different types of tremor. The involvement of both the anterior and posterior lobe, paramedian and 
lateral structures caused pathological tremor. Involvement of the anterior lobe and lobule VI was related to high 
tremor intensity. Frequency dispersion was significantly lower, the proportional power of 0.9-3 Hz range was 
significantly higher if the brainstem was affected, too. Brainstem involvement did not affect tremor intensity. 
Conclusions: Our results indicate that there is no tight correlation between lesion localisation and tremor 
characteristics in cerebellar tremor. However, lesions affecting the anterior lobe might be associated with elevated 
tremor intensity. The interplay between the cerebellum and brainstem provides further evidence that tremor is 
generated by a network rather than by a single oscillator. 
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1417 
Overnight unilateral withdrawal of VIM-DBS to identify reversibility of gait disturbances 
D. Kroneberg, D. Kübler, B. Al-Fatly, A.C. Meyer, G.H. Schneider, A. Kühn (Berlin, Germany) 
Objective: This study aims to improve clinical applicability, patient comfort and safety of stimulation withdrawal to 
differentiate stimulation-induced side effects from disease progression. 
Background: Gait disturbances are both frequent side effects of chronic thalamic deep brain stimulation (DBS) as 
well as a feature of disease progress of essential tremor (ET) and therefore difficult to differentiate. Recent studies 
have used stimulation withdrawal periods of several days[1,2] that leave patients incapacitated due to the inevitable 
reoccurrence of severe tremor, requiring hospitalization for this period without offering any therapeutic benefit. 
Methods: 10 patients with gait disturbances following VIM-DBS (ET_GAIT) underwent unilateral overnight 
stimulation withdrawal (stim off) [8-16 hours] corresponding to the non-dominant hemisphere. 10 patients with ET 
without gait disturbances (ET_NORM) were recruited as a control group. Body-worn sensors (Mobility Lab, 
APDM) were used to assess gait performance in one session in ET_NORM and at 3 time-points in ET_GAIT: i) ON 
DBS, ii) immediately after unilateral stim off, and iii) after overnight unilateral stim off period. Spatiotemporal gait 
parameters and their coefficient of variation (CoV) were extracted from raw data using the Mobility lab software. 
Severity of tremor and ataxia were assessed using Fahn-Tolosa-Marin Tremor Rating Score(TRS) and Scale or 
Assessment and Rating of Ataxia(SARA). 
Results: Variability of spatial and temporal gait parameters stride length, stride velocity, stride time, cadence and 
range of motion (RoM) of shanks and knees was significantly higher in ET_GAIT during ON DBS compared to 
ET_NORM (Mann-Whitney U-test, p<0.05). Overnight withdrawal led to a significant reduction of CoV of stride 
length and RoM of shanks. Assessment immediately after stim off did not show this effect. SARA score items 1-3 
failed to depict changes of gait performance. Lateralized TRS scores showed significant increases only contralateral 
to the stim off hemisphere (p<0.01), not affecting tremor control for the dominant hand. 
Conclusions: A short term unilateral withdrawal of deep brain stimulation may suffice to differentiate adverse 
effects from disease progression if sensor based technology allowing quantitative assessment is used. As the 
dominant hand remains functional in these patients this protocol is widely applicable, e.g. in ambulant settings or for 
anxious patients. 
References: 1. Reich MM, Brumberg J, Pozzi NG, et al. Progressive gait ataxia following deep brain stimulation for 
essential tremor: adverse effect or lack of efficacy? Brain : a journal of neurology 2016. 2. Kroneberg D, Ewert S, 
Meyer AC, Kuhn AA. Shorter pulse width reduces gait disturbances following deep brain stimulation for essential 
tremor. Journal of neurology, neurosurgery, and psychiatry 2019. 

1418 
Searching for the optimal functional target for deep brain stimulation in Essential Tremor 
D. Kübler, B. Al-Fatly, D. Kroneberg, S. Ewert, C. van Riesen, G.-H. Schneider, A. Horn, A. Kühn (Berlin, 
Germany) 
Objective: To investigate tremor improvement but also side effects of deep brain stimulation (DBS) for essential 
tremor (ET) and their relationship to the volumes of tissue activated (VTA). 
Background: DBS in ET is effective and safe but there are still controversies regarding the location of the sweet 
spot that some authors see in the VIM and others in the posterior subthalamic area or zona incerta. 
Methods: 30 patients with ET (12 women and 18 men, mean age 65) who received bilateral DBS between 11/2011 - 
08/2017 at the Charité Berlin with clinical tremor assessment before and ON and OFF DBS at 12 months follow up 
(12 moFU) on video were included. Tremor intensity was retrospectively rated by two blinded movement disorder 
specialists using the Fahn-Tolosa-Marin Tremor Rating Scale (Fahn et al., 1993). Patients also completed the ADL 
questionnaire (Bain et al., 1993)  asking for independent functioning in daily life. 
Using the Lead-DBS software (www.lead-dbs.org) and the thalamic DBS connectivity atlas (Akram et al., 2018)  we 
localized the electrodes on the postoperative CT or MRI and modeled VTAs in MNI space for each lead with the 
stimulation parameters from the 12 mFU. VTAs of all patients were weighted by the respective side effects binary 
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score. All VTAs were then averaged and thresholded for more than 50% side effects frequency and more than 5 
patients in each voxel. 
Results: Tremor improvement was 57% on average both when comparing the total FTMTRS before DBS and at 12 
moFU and DBS ON vs. OFF at 12 moFU.  As side effects, ataxia was present in 9, dysarthria in 6 and dyskinesia in 
two patients. 16 patients did not show any side effects at 12 moFU. ADL scores improved by 54% in average. The 
improvement in ADLs correlated with improvement in tremor (r=0.404, p=0.045). Clusters of side effects involved 
VTAs with more dorsal and anterior locations in relation to the VIM. 
Conclusions: Our results demonstrate the effectiveness of DBS for ET in our cohort for both tremor reduction and 
independent functioning in everyday life. Side effects at 12 moFU were associated with a more dorsal and anterior 
location of the VTAs. These results prompt further characterization of the sweet spot for DBS in ET in order to 
obtain minimal side effects but an optimal tremor reduction. 

1419 
The first tremor dominant Parkinson's Disease treatment in Taiwan using MR-guided focused ultrasound 
H.C. Lai, W.K. Tsai, W.C. Chang (Changhua County, Taiwan) 
Objective: The experience we performed the first tremor-dominant Parkinson’s disease treatment using MR-guided 
focused ultrasound in Taiwan to relief resting tremor of hand. 
Background: There were about 50% of patients diagnosed with Parkinson's disease also suffering from tremor. 
Tremor bothers their daily life, work and their confidence. Using medication to control their tremor usually have 
little or partial effects, operations would be another choice to relieve the symptom. Comparing to operations like 
Deep Brain Stimulation or Gamma-Knife, MR-guided focused ultrasound demonstrates a potential to provides a 
minimum invasive surgical approach to effectively improve the symptoms on different indications, including on 
tremor control of Parkinson’s disease. 
Methods: A 67 years old male who was diagnosed with tremor-dominant Parkinson's disease had left hand resting 
tremor interrupting his daily life. After received behavioral evaluation and imaging study for screening, inclusive of 
MDS-UPDRS, Clinical Rating Scale of Tremor, 25 mCi Tc99m-ECD SPECT, 30 mCi Tc99m-TRODAT SPECT, 
MRI and CT, he was informed and recruited to receive the MR-guided focused ultrasound thalamotomy. During the 
procedure, right side ventral-intermediate nuclei (VIM) in the thalamus was targeted to mitigate the resting tremor of 
left hand. 
Results: The highest averaged temperature achieved during the MR-guided focused ultrasound thalamotomy was 59 
degrees. The resting tremor symptom of the left hand was relieved right after the MR-guided focused ultrasound 
thalamotomy. Score decline could also be seen in Clinical Rating Scale of Tremor and the motor part of MDS-
UPDRS. The MR images one-day after the treatment revealed an 8x6x9 mm lesion at the right side of the thalamus 
with the damage of the other brain tissue. The SWAN image showed a focal bleeding at the lesion side. The 
tractography revealed by DTI suggested a neuro-fiber blocking from the treated target compared to the contralateral 
side. 
Conclusions: The immediate symptom relief suggested the efficiency and safety of this MR-guided focused 
ultrasound to control the tremor-dominant Parkinson’s disease. In December last year, FDA just approved this 
surgical approach to control the tremor for the Parkinson’s disease. We can look forward to hearing the Taiwan FDA 
to approve this indication with MR-guided focused ultrasound to help more patient in our society. 
References: Helmich, R. C., Hallett, M., Deuschl, G., Toni, I., & Bloem, B. R. (2012). Cerebral causes and 
consequences of parkinsonian resting tremor: a tale of two circuits?. Brain : a journal of neurology, 135(Pt 11), 
3206-26. Zaaroor, Menashe & Sinai, Alon & Goldsher, Dorith & Eran, Ayelet & Nassar, Maria & Schlesinger, 
Ilana. (2017). Magnetic resonance-guided focused ultrasound thalamotomy for tremor: A report of 30 Parkinson's 
disease and essential tremor cases. Journal of Neurosurgery. 128. 1-9. 10.3171/2016.10.JNS16758. 
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1420 
Evaluation of Childhood Tremor Electrophysiogically Influences Diagnosis and Treatment and Outcome 
B. Lavenstein, E. Akano, M. Hallett (Bethesda, MD, USA) 
Objective: To report on the evaluation of childhood tremor  in  its many forms utilizing noninvasive 
electrophysiological recordings to differentiate  clinical phenomenology from many entities thereby influencing 
therapy and outcome. 
Background: Tremor in children and  adolescents accounts for 15020% of referrals in some pediatric movement 
disorder programs. Essential tremor is most commonly diagnosed, new criteria pertaining to essential tremor may 
require further clarification when applied to children. Utilizing non invasive electrophysiological recordings, other 
non-essential  type tremors may be defined that resemble essential tremor clinically.Differential diagnoses may be 
expanded.  Since tremor frequently coexists with other movement disorders separation of the tremor component 
requires more specific studies and defines therapy. 
Methods: Ten patients ages 14-18 years of age were enrolled an in NIH IRB (USA) approved study that included 
clinical evaluation, neurimaging and electrophysiology. EMG electrodes were placed on bilateral flexor carpi 
radialis (FCR) and extensor carpi radialis (ECR) muscles. Bandpass filter for EMG was 10-200Hz. Monoaxial 
accelerometers were placed on the dorsum of the hands bilaterally for detection of hand tremor. Monoaxial 
accelerometers were placed on the middle fingers bilaterally for detection of hand tremor. Band pass filter was set at 
10-50Hz. The effect of weighting using  1 lb weights on the hands was evaluated. Finger weighting urilized 1/2 lb 
weights. 
Results: Data analysis revealed diagnoses that included physiological tremor, enhanced physiological tremor, 
dystonic tremor, myoclonic tremor, parkinsonian tremor, the latter four mimicking essential tremor, functional 
tremor and drug induced tremor .Differentiation of a central component allowed for more precise diagnosis. 
Conclusions: Childhood tremor can be evaluated noninvasively and accurately throughout many age groups. The 
electophysiological evaluation allows for more precise diagnosis and. This series which continues to accrue patients 
specifically identified many entities that included dystonic tremor, myoclonic tremor, cerebellar tremor that were 
considered clinically but required confirmation electrophysiologicaly. These specific findings determined other 
diagnoses and informed therapy and outcome. 

1421 
Neurophysiologic characterization of Re-emergent tremor (RET) in Parkinson’s disease 
G. Leodori, D. Belvisi, A. Fabbrini, M. De Bartolo, M. Costanzo, F. Undurraga, A. Conte, A. Berardelli (Pozzilli, 
Italy) 
Objective: To investigate: 
1) the contribution of primary motor cortex (M1) to the generation of re-emergent tremor (RET) and rest tremor by 
measuring the Cortico-muscular coherence (CMC) [1] and the TMS tremor-resetting index (RI) (2). 
2) the pathophysiological mechanisms generating RET by measuring M1 excitability during RET latency by TMS-
EEG coregistration (3). 
Background: Patients with Parkinson’s disease (PD) may have a tremor that appears after a variable latency while 
maintaining a posture (re-emergent tremor). Re-emergent tremor (RET) and rest tremor share similar clinical 
features, but it is unknown whether they also share pathophysiological mechanisms (4). 
Methods: We enrolled 10 PD patients with rest tremor and RET. CMC between EMG signal recorded on the 
extensor digitorum communis and cortical activity recorded on C3/C4 was measured during RET and resting tremor. 
Single-pulse (sp) TMS was delivered on M1 during RET and resting tremor and TMS-induced perturbations on 
tremor bursts were measured for calculating the RI. TMS-evoked potentials (TEPs) generated by spTMS delivered 
below motor threshold on M1 were recorded with a 32-channel EEG during posture before the reappearance of 
tremor (RET latency). 
Results: RET and resting tremor showed significant CMC at tremor frequency and double tremor frequency with no 
significant differences between each other. Single-pulse TMS on M1 induces significant reset of both RET and rest 
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tremor, with a trend for a higher effect on RET. TMS during RET latency produced TEPs characterized by peaks 
P30, P60 and N100. During RET latency, P60 over M1 progressively increases in amplitude. 
Conclusions: RET and rest tremor share common pathophysiological mechanisms in which M1 plays a role as a 
central oscillator. RET latency is accompanied by changes in M1 cortical excitability. We, therefore, conclude that 
cortical mechanisms within M1 play a role in the pathophysiology of RET. 
References: [1] Halliday et al.; Coherence between low-frequency activation of the motor cortex and tremor in 
patients with essential tremor; The Lancet, 2000. [2] Lu M.K. et al.; Resetting tremor by single and paired 
transcranial magnetic stimulation in Parkinson's disease and essential tremor; Clin Neurophysiol, 2015. [3] 
Tremblay et al.; Clinical utility and prospective of TMS–EEG; Clin Neurophysiol, 2019. [4] Belvisi et al.; Re-
emergent tremor in Parkinson's disease; Parkinsonism Relat Disord. 2017. 

1422 
Orthostatic jaw tremor, a diagnostic challenge 
R. Moraes, F. Sousa, P. Pereira, J. Freitas, L. Santos, J. Junior, M. Rocha (Sao Paulo, Brazil) 
Objective: To present a rare movement disorder of an orthostatic jaw tremor and a remarkable benefit from 
treatment with botulinum toxin A. 
Background: Jaw tremor is a component of various neurological disorders and, usually, it is associated with tremor 
or other abnormal involuntary movements affecting additional body parts. However, isolated jaw tremor is a rare 
clinical presentation 
Methods: case report 
Results: We present a 40-year-old man with a 3-year history of jaw tremor, no other neurological symptoms or 
family history of neurological disorders. The tremor was paroxysmal, 10 episodes/day, lasting minutes to hours. It 
was never present during sleep, and he could make it stop by making any movement with his mouth. The 
movements were not affected by consuming alcohol and did not affect the voice or the swallowing.On examination, 
we noticed a rapid rhythmic movement of the relaxed jaw. It disappeared when he opened his mouth, talked, 
clenched his teeth or any additional voluntary movements that required activation of the masseters. It recurred 
immediately upon returning the jaw to a resting position. The movement did not change in frequency or amplitude 
with distraction maneuvers. The remainder of the neurological examination was normal, no other tremors or 
involvement of other facial muscles. He had undergone an extensive unrevealing workup such as a contrast-
enhanced brain magnetic resonance imaging, thyroid, liver and renal function tests, serum electrolytes and blood 
count. The needle electromyography examination showed involuntary, intermittent and synchronized muscular 
contractions in both masseter muscles at a frequency of 13 to 14 Hz (Figure 1). No changes were found in other 
muscles.We treated him by injecting 25 units of botulinum toxin type A into each masseter. The tremor completely 
disappeared five days after the injections and was no longer detectable by electromyography (Figure 2). There was 
no report of side effects or masseter weakness. 
Conclusions: The human mandible trembles imperceptibly at a frequency around 7 Hertz (Hz). The frequency of 
most types of jaw tremor is lower than 12 Hz and it is usually associated with other abnormal involuntary 
movements. There are only 2 reports of jaw tremor with characteristics of primary orthostatic tremor at a frequency 
more than 14 Hz. The orthostatic tremor is explained by the anti-gravity function of the jaw muscles when the jaw is 
maintained in resting position and disappears with any voluntary movements. 
References: Sowman PF, Thompson PD, Miles TS. Investigation of an unusual, high-frequency jaw tremor with 
coherence analysis. Mov Disord. 2008 Feb 15;23(3):441-3. Schneider, S. A., & Bhatia, K. P. The entity of jaw 
tremor and dystonia. Movement Disorders, 22(10), 1491–1495. Junge, D., Rosenberg, J. R., & Halliday, D. M. 
Physiological tremor in human jaw-muscle system. Archives of Oral Biology, 43(1), 45–54. Louis, E. D., Rios, E., 
Applegate, L. M., Hernandez, N. C., & Andrews, H. F. Jaw tremor: Prevalence and clinical correlates in three 
essential tremor case samples. Movement Disorders, 21(11), 1872–1878. Gonzalez-Alegre, P., Kelkar, P., & 
Rodnitzky, R. L. Isolated high-frequency jaw tremor relieved by botulinum toxin injections. Movement Disorders, 
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21(7), 1049–1050. Schrag, A., Bhatia, K., Brown, P., & Marsden, C. D. (1999). An unusual jaw tremor with 
characteristics of primary orthostatic tremor. Movement Disorders, 14(3), 528–530. 
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1423 
Serum Inflammatory Profile for the Discrimination of tremor severity in essential tremor 
Z. Muruzheva, D. Traktirov, I. Ivleva, V. Maystrenko, M. Karpenko (Saint-Petersburg, Russian Federation) 
Objective: To establish the correlation between cytokines level in the serum of patients with ET and disease 
severity. 
Background: Essential tremor (ET) is the most common movement disorder, but its pathogenesis remains poorly 
understood. In recent years, there have been discussions about the neurodegenerative nature of ET.  Inflammation is 
thought to be a major contributor to the neurodegeneration and cytokines are considered peripheral markers of 
neuroinflammation. 
Methods: The study population consisted of 90 ET patients, aged 18 to 81 (22 male and 68 female). The severity of 
tremor was evaluated by the Fahn Tolosa Marin tremor rating score. The control group consisted of 90 healthy 
individuals. Patients with signs of the acute the inflammatory process were excluded from both the ET and control 
groups. All subjects signed informed consent for the study, which was approved by the Local Ethics Committee of 
the State Institute of Experimental Medicine. In the serum of patients with ET and the control group, the 
concentrations of IL-1β, IL-6, IL-8, IL-10 and TNF-alpha were measured by ELISA. Evaluation of diagnostic 
efficacy and calculation of threshold values for results with predictor value, carried out using ROC analysis in the 
statistical module MedCalc Software, version 12.4.0. 
Results: The levels of IL-1β, IL-6 and TNF-alpha in the ET group was (3.3 ± 0.3) pg/ml, (1.1 ± 0.2) pg/ml, (0.1 ± 
0,04) pg/ml respectively and was not different from the control group. The levels of IL-8 and IL-10 were higher in 
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the ET group than in the control group and was (3.8 ± 0.9) pg/ml and (4.9 ± 0.4) pg/ml respectively, vs (1.0 ± 0.2) 
pg / ml and (3.0 ± 0.3) pg/ml, respectively, p = 0.02 and p = 0.00. The IL-8 level correlated with the tremor severity 
(FTM score) (r = 0.371, p < 0.01). ROC analysis was performed with the construction of the ROC curve as a method 
of early detection of predisposition prediction to the development of pronounced tremor in the presence of ET in the 
content of IL-8 in the blood, optimal cut-point value was 4 pg/ml. AUC-ROC area under the curve was 0.761, which 
indicates the diagnostic effectiveness of this method. 
Conclusions: The level of IL-8 in the blood above 4 pg / ml can be considered as a risk factor for the development 
of pronounced tremor at ET. 

1424 
GluRδ2 protein reduction in cerebellar Purkinje cells contributes to the pathogenesis of essential tremor 
M.K. Pan, Y.S. Li, C.L. Ni, W.C. Liu, E. Cortes, J.P. Vonsattel, E. Louis, P. Faust, S.H. Kuo (Taipei, Taiwan) 
Objective: To identify a molecular substrate reflecting kinetic tremor, the core feature of essential tremor (ET) 
Background: ET is one of the most common movement disorders, affecting 4% of individuals aged 40 years or 
older, yet the pathophysiology of ET remains unknown. 
Methods: We examined postmortem cerebellum in ET patients and age-matched controls to identify ET-linked 
molecular changes. We used molecular-driven mouse model to prove the contribution between the molecular targets 
and ET-like tremor. We examined the tremor characteristics and pharmacological responses of tremor in the mouse 
model. Targeted protein rescue and protein knockdown were performed in the tremor mice and WT mice, 
respectively. 
Results: We identified the reduction of GluRδ2 expression in the postmortem cerebellum from ET patients (Figure 
1). Grid2-dupE3 mice, a mouse model with GluRδ2 insufficiency, developed ET-like tremor that is adult-onset, 
chronic and progressive kinetic (action-only) tremor (Figure 2) and responsive to ET medications including 
primidone, propranolol and ethanol (Figure 3). GluRδ2 rescue via intra-cerebellar viral transfection confirmed the 
necessity and specificity of GluRδ2 in tremor generation of Grid2-dupE3 mouse model (Figure 4), while shRNA 
knockdown of GluRδ2 in adult, wild-type mouse cerebellum sufficiently recapitulates ET-like tremor. 
Conclusions: GluRδ2 protein deficiency in the cerebellar Purkinje cells contributes to the generation of kinetic 
tremor, the core feature of ET. 
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1425 
Insight into the heterogeneity of essential tremor 
G. Paparella, M. Bologna, I. Berardelli, G. Ferrazzano, L. Angelini, P. Giustini, D. Alunni-Fegatelli, A. Berardelli 
(Rome, Italy) 
Objective: We collected demographic, clinical and kinematic data from a relatively large sample of essential tremor 
(ET) patients and we investigated how motor and non-motor symptoms are affected by historical features or tremor 
characteristics. A better understanding of these issues may provide further insight into the heterogeneity of ET and 
allow specific disease-related features to be distinguished from coincidental findings or age-related epiphenomena 
Background: Essential tremor (ET) is a heterogeneous condition [1]. In addition to having postural and kinetic 
tremor of the upper limbs, some patients with ET may have non-motor symptoms, like cognitive and psychiatric 
disorders [2]. It is unclear, however, whether motor and non-motor disorders in ET patients are influenced by their 
historical (i.e. family history disease duration and age at onset) or by tremor characteristics (i.e. body distribution of 
tremor) [3]. 
Methods: We enrolled 70 patients with a diagnosis of ET. Tremor severity was assessed by means of clinical rating 
scales. Patients also underwent a kinematic recordings of postural and kinetic tremor based on an optoelectronic 
system. A number of neuropsychological tests were also administered. Finally, we adopted the structured interviews 
for DSM-IV, SCID-I and SCID-II to investigate psychiatric and personality disorders. 
Results: Longer disease duration (≥ 10 years) was associated with more severe tremor, as demonstrated by the 
clinical rating and altered trajectories during arm movements [Figure 1]. ET patients with upper limb tremor plus 
head tremor exhibited more severe kinetic tremor and a higher occurrence of Axis-I psychiatric disorders than ET 
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patients with upper limb tremor only [Figure 2]. Motor, cognitive and psychiatric features did not differ significantly 
with respect to family history (i.e. familial vs. sporadic ET cases) or age at tremor onset. 
Conclusions: These findings support the hypothesis that disease duration and tremor distribution are the main 
determinants of ET heterogeneity, which is in keeping with the hypothesis of neurodegenerative process and 
cerebellum involvement in this condition. 
References: [1] Bhatia KP, Bain P, Bajaj N, et al. Consensus Statement on the classification of tremors. from the 
task force on tremor of the International Parkinson and Movement Disorder Society: IPMDS Task Force on Tremor 
Consensus Statement. Movement Disorders. 2018;33:75–87. [2] Espay AJ, Lang AE, Erro R, et al. Essential pitfalls 
in “essential” tremor. Mov Disord. 2017;32:325–331. [3] Louis ED. Essential tremor: "Plus" or "Minus". Perhaps 
now is the time to adopt the term "the essential tremors". Parkinsonism Relat Disord. 2018 Nov;56:111-112. 
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1426 
Dentate nucleus functional connectivity changes and their relationship with motor and non motor symptoms 
in patients with essential tremor 
S. Pietracupa, S. Tikoo, S. Tommasin, M. Bologna, N. Petsas, K. Bharti, G. Grillea, A. Berardelli, P. Pantano 
(Pozzilli, Italy) 
Objective: To evaluate Dentate Nucleus (DN) functional connectivity (FC) changes and their relationship with 
motor and non-motor symptoms in essential tremor (ET). 
Background: Previous functional MRI studies evaluated the importance of functional alterations in the cerebellum 
and other brain areas pertaining to the cerebello-thalamo-cortical circuit in ET patients. In particular, the DN is the 
main output pathway of the cerebellum and to date no studies have assessed the FC changes of this nucleus as a 
seed. Our hypothesis is that functional abnormalities in the DN can have a role in the pathophysiology of motor and 
non-motor disturbance in ET. 
Methods: We studied 26 ET patients and 26 healthy subjects (HS). Tremor severity was assessed by using Fahn-
Tolosa-Marin Tremor Rating Scale (FTM-TRS). Cognitive profile was assessed by using the Montreal Cognitive 
Assessment (MoCA) and the Frontal Assessment Battery (FAB). Depression and anxiety were respectively 
evaluated by means of the Beck depression inventory (BDI) and the Beck anxiety inventory (BAI). All the subjects 
underwent to a 3T MRI protocol and a kinematic evaluation of tremor. Left and right DN coordinates were 
identified in MNI standard space to study FC of the DN by means of a seed based analysis using FSL tools. 
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Results: There was a significant decreased DN-FC with several cortical, sub-cortical and cerebellar areas in ET 
patients compared with HS. In particular, in ET patients, the DN-FC with SMA, pre- and post- central gyri and 
prefrontal cortex negatively correlated with the TRS and disease duration, whereas DN-FC with associative 
prefrontal and parietal cortex, basal ganglia and thalamus, positively correlated with the MOCA scores. In addition 
DN-FC changes in the thalamus and caudate significantly correlated with the peak frequency. No significant 
correlations were found between the DN-FC and mood disorders, as assessed by BDI and BAI scales. 
Conclusions: Our study demonstrated an abnormal DN-FC in ET patients. In particular we found that FC alterations 
of the DN with sensori-motor areas significantly correlated with tremor severity and disease duration whereas DN-
FC abnormalities with associative prefrontal and parietal cortical areas, as well as with thalamus and basal ganglia 
significantly correlated with the patients’ cognitive status. 

1427 
Automated analysis for quantification of tremor from pen-on-paper Archimedes spirals 
A. R, R. Rajan, A. Saini, A. Srivastava (New Delhi, India) 
Objective: To develop and validate an automated algorithm for quantification of tremor from hand drawn 
Archimedes spirals. 
Background: Spiral drawings are commonly used in clinics to identify and quantify tremor [2] [5]. Although 
digitising systems can analyse spiral characteristics, lack of time domain information makes analysis of pen-on-
paper spirals challenging [4]. Accelerometry is a widely used electrophysiological technique to quantify tremor 
objectively [1][3]. We developed an algorithm to analyse pen-on-paper spirals without specialized digitising 
equipment for data capture and aimed to validate the spiral derived parameters against tri-axial accelerometer 
derived variables for tremor quantification. 
Methods: 15 subjects with upper extremity postural/action tremor and 15 healthy volunteers were recruited. 
Subjects were asked to produce free hand spirals which were scanned and processed by an automated algorithm to 
compute the mean deviation (MD) from a computer-generated ideal spiral. The derived parameter was compared to 
the Peak Power (PP) and Total Power (TP) of spectrum (1-30Hz) derived from tri-axial accelerometer power 
spectral density data. 
Results: MD showed statistically significant strong correlation with tri-axial accelerometer derived power of the 
tremor spectrum for postural tremor (Spearman’s correlation for TP: MD, rho=0.465, p=0.010 and for PP: MD, rho= 
0.521, p=0.003). MD was significantly different between tremor subjects and controls (p<0.001). 
Conclusions: Automated analytic algorithms can generate clinically relevant variables to detect and quantify tremor 
from hand drawn spirals. 
References: 1. Padraig E O'Suilleabhain and Joseph Y Matsumoto. Time-frequency analysis of tremors. Brain, 
121(11):2127-2134, 1998. 2. Adriano O Andrade, Adriano Alves Pereira et al. Human tremor: origins, detection and 
quantification. In Practical Applications in Biomedical Engineering. InTech, 2013. 3. DechoSurangsrirat et 
al.Tremor assessment using spiral analysis in time-frequency do-main. In Southeastcon, 2013 Proceedings of IEEE, 
pp. 1-6. IEEE, 2013. 4. Seth L Pullman. Spiral analysis: a new technique for measuring tremor with a digitizing 
tablet. Movement Disorders, 13(S3):85-89, 1998. 5. Peter H Kraus and Arndt Homann. Spiralometry: computerized 
assessment of tremor amplitude on the basis of spiral drawing. Movement Disorders, 25(13):2164{2170, 2010 

1428 
Spiral loop width differentiates essential tremor and dystonic tremor 
R. Rajan, R. Anandapadmanabhan, A. Saini, A. Srivastava (New Delhi, India) 
Objective: To identify variables that can distinguish essential tremor from dystonic tremor using automated analysis 
of hand drawn Archimedes spirals. 
Background: Spiral drawings using pen-on-paper are commonly used in the clinic to quantify action/ postural 
tremor. Some attributes of the spiral like spiral axis and variability were suggested to be useful in differentiating 
tremor subtypes. We aimed to develop an automated algorithm to analyse pen-on-paper spirals and identify 
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objective measures to differentiate tremor subtypes, specifically essential tremor (ET, including ET plus) and 
dystonic tremors (DT). 
Methods: 32 subjects with postural/action tremor (dystonic tremors, n= 13, essential tremor, n= 19) were recruited. 
Each subject produced a free hand, clockwise spiral using the dominant hand on standard pen and paper. Scanned 
images underwent pre-processing. Inter loop distances along four axes were calculated across five turns of the spiral 
and mean loop width calculated for each loop. The mean loop widths (MW1, MW2, MW3, MW4, MW5) were 
compared between DT and ET groups using a repeated measures model with tremor type as the between-subjects 
factor. 
Results: There was a significant main effect of tremor type on mean loop width [F(1,30)=4.45, P=0.043] (Figure 
1).  Within the tremor groups DT and ET, mean widths remained relatively constant across loops [F(4,120)= 1.89, 
p=0.175] and there was no significant interaction between MW and tremor type [F(4,120)=0.427, p=0.574]. 
Conclusions: Automated analysis of pen-on-paper spirals can generate clinically relevant variables to differentiate 
tremor subtypes. Spiral loop width derived from hand drawn spirals may be a useful parameter to distinguish DT 
and ET. 

 

1429 
ADL impairment and quality of life in patients with essential tremor 
P. Reker, S. Schnitzler, T. Thies, A. Josten, J. Becker, J. Steffen, J. Wirths, H. Dafsari, V. Visser-Vandewalle, M. 
Barbe (Cologne, Germany) 
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Objective: To investigate the relationship of tremor severity, disease related quality of life (QoL) and impairment of 
activities of daily living (ADL) in patients with essential tremor (ET) treated medically or with deep brain 
stimulation (DBS). 
Background: ET as the most common adult movement disorder often interferes with basic activities of daily living 
and may thus significantly reduce quality of life. Both in medically and surgically treated patients, assessments of 
QoL and ADL are helpful to monitor treatment. It is unclear, however, if postoperative improvement of QoL in DBS 
patients is mainly associated with measurements of mere tremor severity or ADL. 
Methods: One group of medically treated ET patients (n=45, 18 women, age 64 +/- 13 years, cross-sectional 
analysis) and one group of surgically treated ET patients (n=12, 4 women, age 59 +/- years, prospective analysis 
before and 12 months after DBS) were evaluated using the Fahn-Tolosa-Marin Tremor Rating Scale (TRS), the 
Quality of Life in Essential Tremor Questionnaire (QUEST), and the Bain and Findley Tremor ADL Scale (BFT-
ADL, unvalidated German version). 
Results: In the medical group, a moderate correlation was found between the QUEST and the BFT-ADL (r=0.5, 
p<0.001), whereas correlation between the QUEST and the TRS was low (r=0.4, p<0.01) and not significant after 
excluding the TRS part C assessing functional disability (r=0.2, p>0.05). In the surgical group, all scores improved 
markedly and significantly after DBS. There was a high correlation of the postoperative improvements of the 
QUEST and the BFT-ADL (r=0.7, p<0.01), while the correlation of improvements of the QUEST and the TRS did 
not reach statistical significance. 
Conclusions: Impaired ADL in ET are associated with reduced QoL and should thus be considered as an important 
parameter regardless of medical or surgical management. Evaluation of surgical candidates should include 
assessment of ADL as they might be a predictor of postoperative QoL improvement. Validated translations of the 
Bain and Findley Tremor ADL Score are needed. 

1430 
Improvement of Essential Tremor after Cortical Cerebral Infarction 
D. Riley (Warrensville Heights, OH, USA) 
Objective: To report a case of resolution of contralateral essential tremor (ET) after a cerebral cortical infarction. 
The restricted nature of the clinical and radiologic findings in this case is unique. 
Background: Anatomic analysis of lesions altering the clinical expression of movement disorders provides insight 
into their pathophysiology. Prior reports of cerebral infarctions that abolished ET have mapped a series of structures 
that constitute a pathway of neuronal circuitry that modulates the clinical manifestations of ET.  Here a case is 
presented that contributes to that body of knowledge. 
Methods: Case report 
Results: A 93 yo right-handed widower with insulin-dependent diabetes mellitus lived a fully independent life. He 
had a 20-year history of asymmetric upper limb tremor, predominantly right-sided. He was an avid golfer, though 
his tremor caused him trouble putting. Primidone 250 mg qAM provided nearly complete resolution of tremor for all 
tasks except handwriting. One warm summer morning he was sitting outdoors waiting to play a round of golf when 
he stood up and felt dizzy. Witnesses were alarmed enough to call for emergency services. His random blood sugar 
was 65, not unusually low for him. He was taken to an Urgent Care station where he received an IV infusion of 
fluids. After 90 minutes he was discharged home. He felt well with no other complaints.  
About 3-4 days later, he grasped a glass of water with his right hand (when normally he would use his left) and 
noted that his hand did not shake. He subsequently found that he could eat with a spoon or drink a beverage with his 
right hand, which he had been unable to do for years.  
Examination disclosed absence of right upper limb tremor, including for handwriting and drawing tasks on the right, 
while his tremor was unchanged on the left. Brain MRI revealed a small subacute infarction in the upper half of the 
left postcentral gyrus. 
Conclusions: Of fewer than 20 previously reported cases of cerebral infarction abolishing ET, 4 infarcts were 
localized to the cerebral cortex. Two of those patients developed a hemiparesis, while the other 2 showed mixed 
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sensorimotor deficits. This patient is unique in that the clinical manifestation of his cerebral infarct was limited to 
resolution of ET on the contralateral side. 
This patient represents the most restricted clinical and radiologic lesion responsible for resolution of ET yet 
reported. 

1431 
Botulinum toxin injections reduce the symptoms of dystonic tremor and improve sensorimotor function for 
hand dexterity 
L. Rocchi, A. Latorre, G. Paparella, E. Menozzi, L. Peppoloni, F. Valero-Cuevas, C. Cordivari, K. Bhatia, J. 
Rothwell (London, United Kingdom) 
Objective: To assess improvement in hand function following therapy with botulinum toxin in patients with 
dystonic tremor (DT). 
Background: Treatment of dystonic tremor (DT) with botulinum toxin (BT) injections, although often performed, 
still does not have an approved indication, and evidence of its effectiveness is limited [1]. Current methods of 
assessment of BT efficacy are mostly based on clinical scales, thus suffering from a lack of objectivity. Device-led 
evaluation includes the use of surface electromyography and accelerometry. However, DT often lacks a clear 
frequency peak, thus making their use difficult. Moreover, these methods do not fully take into account actual hand 
function, which is an important item when assessing therapeutic efficacy of BT. 
Methods: We recruited nine patients (4 female, age 70.5±8.2, disease duration 16.2±14.1 years) with DT, which 
were assessed the same day of their BT injections in forearm muscles, and at the peak of the effect (42.2±10.9 days). 
Assessment included the nine-hole peg test, the box and blocks test and the Fahn-Tolosa-Marin tremor scale 
(FTMTS). Additionally, manual dexterity was assessed by a strength-dexterity (SD) task [2,3]. This entails the use 
of force transducers mounted on a compliant and slender spring prone to buckling at very low forces. The maximal 
level of sustained compression is informative of the greatest instability the person can control, and thus is indicative 
of the sensorimotor mechanisms for dexterous manipulation [3]. Comparisons between variables measured at 
baseline and at the peak effect were made by means of paired t-tests. 
Results: Scores in the box and blocks test and the nine-hole peg test were not affected by BT (respectively 26.4±8.1 
vs 26.1±3.9 blocks, t8 = 0.154, p = 0.082, and 40.0±15.2 vs 39.1±14.9 s, t8 = 0.439, p = 0.674). By contrast, the sum 
of the items of the FTMTS related to the treated hand was significantly lower after BT (21.6±6.0 vs 15.1±3.9, t8 = 
3.182, p = 0.015). This effect was confirmed by the SD test, which showed a significant increase in sustained 
compression force (0.73±0.03 vs 0.89±0.03 N, t8 = -5.136, p = 0.001). 
Conclusions: The current results provide strong evidence in favour of a positive effect of BT injections in DT, 
confirmed by clinical assessment and supported by objective testing of sensorimotor function for hand dexterity. 
References: 1 Mittal SO, Lenka A, Jankovic J. Botulinum toxin for the treatment of tremor. Parkinsonism Relat 
Disord. 2019 Jan 26. pii: S1353-8020(19)30023-9. doi: 10.1016/j.parkreldis.2019.01.023. [Epub ahead of print] 2 
Ko NH, Laine CM, Fisher BE, Valero-Cuevas FJ. Force Variability during Dexterous Manipulation in Individuals 
with Mild to Moderate Parkinson's Disease. Front Aging Neurosci. 2015 Aug 10;7:151. doi: 
10.3389/fnagi.2015.00151. eCollection 2015. 3 Lawrence, E. L., Dayanidhi, S., Fassola, I., Requejo, P., Leclercq, 
C., Winstein, C. J., & Valero-Cuevas, F. J. (2015). Outcome measures for hand function naturally reveal three latent 
domains in older adults: strength, coordinated upper extremity function, and sensorimotor processing. Frontiers in 
aging neuroscience, 7, 108. 

1432 
Reducing Ataxic Side Effects from VIM DBS Implantation in Essential Tremor: Advantages of Directional 
Stimulation 
D. Roque (Chapel Hill, NC, USA) 
Objective: To retrospectively evaluate effect of directional DBS stimulation on ataxia in an essential tremor patient 
population. 
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Background: Essential tremor is the most common movement disorder, with most cases rendered medically-
refractory within as little as 1 year. Deep brain stimulation (DBS) of the ventral intermediate nucleus of the thalamus 
(VIM) is approved for essential tremor reduction, but traditional implantation methods and hardware limitations 
have shown that ataxia can be a common complication, especially with bilateral surgery. This is particularly 
troublesome given increasing evidence for cerebellar pathology in essential tremor and the commonality of ataxia as 
a concomitant neurological feature in essential tremor plus. Given evidence that stimulation-induced ataxia can be 
related to volumes of tissue activation (VTA) which extend too anterior and medial, and given the narrow, columnar 
shape of the VIM, utilizing segmented DBS electrodes theoretically provides a programming advantage over 
traditional methods. 
Methods: A retrospective chart review of documented Scale for Assessment and Rating of Ataxia (SARA) scores 
were analyzed to determine whether there was a statistically-significant reduction in ataxia scores by directional 
stimulation as compared to omnidirectional stimulation. A preliminary 5 subjects were reviewed, with intention of 
following further subjects over the next 6 months in a similar fashion. All subjects underwent bilateral VIM 
implantation with microelectrode recording; segmented lead position and orientation confirmed via post-operative 
MRI; and VTA mapping performed via intraoperative stimulation. 
Results: To date, total SARA score was significantly reduced by an average of 6.8 points (p = 0.004; 95% CI 1.49-
7.16) by steering the VTA away from medial and/or anterior structures surrounding the VIM. Even when removing 
the tremor subscore from SARA results, a statistically-significant average reduction of 6.4 points was noted via 
segmented stimulation (p = 0.003; 95% CI 1.31-6.30). 
Conclusions: This retrospective analysis appears to show evidence for improved outcomes through directional 
stimulation in bilateral VIM DBS implantation as related to reduction of ataxic side effects that have traditionally 
plagued post-operative results, all while providing optimized tremor reduction via stimulation. 

1433 
Improvement of lower extremity Holmes tremor with intrathecal baclofen: First Report 
S. Saad, C. Kilbane, H. Abboud (Cleveland, OH, USA) 
Objective: OBJECTIVE: To describe a novel response of Atypical Holmes tremor to intrathecal baclofen (ITB). 
Background: Holmes tremor is a rare low-frequency high-amplitude tremor predominantly affecting the proximal 
upper extremity. It commonly results from vascular or inflammatory lesions in the contralateral thalamus, 
cerebellum, or brainstem structures. [1]. Medical treatment and Deep brain stimulation (DBS) have shown mixed 
results [2-5]. 
Methods: Case Report 
Results: A 52-year-old Right-handed female with history of cryptogenic stroke presented to the movement disorder 
clinic for advanced management of post-stroke lower extremity tremor. The tremor developed in her right leg and to 
a lesser extent in the right arm a few weeks following the stroke. Exam showed a high-frequency constant tremor at 
rest, posture and with action predominantly involving the proximal right lower extremity with mild ipsilateral 
spasticity and generalized hyperreflexia. The tremor did not respond to sequential trials of pramipexole, levodopa, 
propranolol, topiramate, risperidone, and clonazepam. Brain MRI showed infarct in the left thalamus, upper 
midbrain, and cerebellum [fig1A,B,C]. Given her predominant lower extremity tremor with coexisting spasticity, 
ITB was favored over Deep brain stimulation (DBS) especially since DBS targets in the brain had suffered 
considerable tissue damage from the stroke. Patient underwent ITB testing with a 50-microgram-bolus which 
resulted in near resolution of spasticity and marked objective improvement in tremor and ambulation.Subjectively, 
the patient reported 80% tremor reduction after the test. 
Conclusions: Through its action on spinal GABA-B receptors, ITB may suppress lower extremity cerebellar tremor 
in a manner similar to its effect on post-stroke spasticity. Weiss N et al described incidental improvement of upper 
extremity cerebellar intentional tremor after baclofen pump was implanted for spasticity [6].Our case is the first to 
demonstrate responsiveness of atypical Holmes tremor to ITB. ITB pump may be a promising neuromodulation 
option for medically-refractory atypical Holmes tremor of the lower extremity. 
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1434 
Deep Brain Stimulation of VIM Thalamic Nucleus for Tremor Control 
J. Santos (RIO DE JANEIRO, Brazil) 
Objective: Compare safety, tolerability, efficiency and efficacy of DBS (VIM DBS) for tremor in Parkinson’s 
disease (PD) and Non Parkinsonian Patients over 25 years.  
Background: Deep brain stimulation (DBS) has been utilized to treat various symptoms in patients suffering from 
movement disorders such as Parkinson's disease, dystonia, and essential tremor. The authors present analysis of 
DBS for tremor control, in whom electrodes (uni and bilateral) for DBS were implanted in the ventral intermediate 
nucleus (VIM) of the thalamus. 
Methods: Forty patients with disabling tremor, with drug-resistant spite of optimum therapeutic trials with poor 
response were referred to do surgery. 30 patients had bilateral essential tremor. These patients were implanted with 
electrodes for DBS Activa. Ten patients had unilateral parkinsonian tremor and they received unilateral implantation 
of model (SC DBS).  
Results: All forty patients showed relieve of the tremor symptoms with significant tremor control seen at the scores. 
There were no definite adverse events after the electrodes implants for DBS, the only ones were all transient and 
promptly reversed after the adjustment of the parameters.  
Conclusions: The results the authors found in this study indicate that VIM-Stimulation is effective for tremor 
control either parkinsonian or essential tremor. It has the advantage of be bilateral with less risk than VIM ablations. 
The results correlate with the data in the literature. 
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1993:271-280.10. Hosobuchi Y. Subcortical electrical stimulation for control of intrac-table pain in humans: report 
of 122 cases (1970ñ1984). J Neurosurg1986;64:543-553 (16) (PDF) Deep brain stimulation of VIM thalamic 
nucleus for tremor control. Available from: 
https://www.researchgate.net/publication/11249660_Deep_brain_stimulation_of_VIM_thalamic_nucleus_for_tremo
r_control [accessed Feb 25 2019]. 

1435 
Quantitative Gait Assessment of Patients with Essential Tremor Using Wireless Sensors 
V. Sharma, S. Moon, H. Devos, K. Lyons, R. Pahwa (Kansas City, KS, USA) 
Objective: To determine if gait is affected in patients with essential tremor compared to healthy controls using 
quantitative gait assessment. 
Background: Although essential tremor (ET) is primarily a tremor disorder, there is growing evidence that gait and 
balance difficulties can occur with ET. With the use of wireless sensors, quantitative gait assessment can be 
performed in clinic settings to reveal gait abnormalities which may be missed during clinical assessment. Gait 
measures can be utilized to monitor clinical progression and may potentially serve as a diagnostic tool along with 
clinical exam to differentiate ET with tremor predominant Parkinson disease (PD). 
Methods: Patients with a diagnosis of ET underwent gait and balance analyses during a routine clinic visit. Gait 
assessment was performed using Mobility labs (APDM Inc, Portland, OR) which consists of six wireless sensors on 
the ankles wrists, lumbar area and sternum. Each patient underwent the instrumented Stand and Walk (iSAW) test 
and data obtained was analyzed and compared with normative values. 
Results: A total of 53 patients (M= 30, F = 23) underwent gait analysis. The mean age of patients with ET was 67.1 
± 9.9 years and mean duration of disease was 12.7±12.8 years. The duration for completing gait assessment in the 
clinic was between 3 to 10 minutes. In the iSAW test, ET patients were found to have reduced stride length, lower 
cadence, reduced gait speed and increased double support percent during the gait cycle compared to normative 
values. In the upper limbs, arm swing velocity and range of motion was also reduced bilaterally.  Additionally, there 
was increase in postural sway area and velocity. 
Conclusions: Gait assessment using wireless sensors can be quickly and easily done in a clinic setting. In this study, 
patients with ET demonstrated impairment in multiple gait parameters compared to healthy controls.  Future studies 
are needed to determine if changes in gait parameters can be used to differentiate between ET and tremor 
predominant PD. 
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1436 
Symptomatic palatal tremor combined with unilateral limb tremor and parkinsonism 
S.K. Song, J.H. Kang (Jeju-si, Republic of Korea) 
Objective: To present an unusual case of symptomatic palatal tremor with parkinsonism. 
Background: Palatal tremor is an uncommon movement disorder that presents with recurring rhythmic contractions 
of the soft palate. Symptomatic palatal tremor is caused by a lesion in the triangle of Guillain and Mollaret and is 
associated with hypertrophic olivary degeneration that has multiple causes. 
Methods: Description of case who presented with symptomatic palatal tremor with unilateral limb tremor and 
parkinsonism. 
Results: A 46-year-old man had acute onset of left hemiplegia and diplopia, and diagnosed as right pontine 
hemorrhage. Symptoms nearly improved after several months of rehabilitation. After 5 months of pontine 
hemorrhage, he had acutely developed gait disturbance and ataxia of right limbs. Brain magnetic resonance imaging 
(MRI) showed right medullar infarction. The symptoms also gradually improved over the months, and he was able 
to walk independently. 9 months after the onset of medullar infarction, he complained of rapidly progressive tremor 
and gait disturbance. The neurological examination demonstrated palatal tremor and left limb tremor. Palatal tremor 
and left limb tremor were synchronized with same hertz. In addition, general parkinsonism was observed, which was 
more severe on the left side. Because of parkinsonism, he were unable to stand or walk alone. Brain MRI showed 
hypertrophic degeneration of right olivary nucleus. 125I-FP-CIT SPECT showed decreased uptake of tracer in 
bilateral posterior portion of putamen. Over more than 6 months period, tremor and parkinsonism gradually 
improved, and he was able to walk alone again. 
Conclusions: We report a rare presentation of symptomatic palatal tremor combined with parkinsonism, which were 
reversibly improved. 

1437 
Efficacy of Stereotactic lesioning in Multi-etiological tremor 
D. Srinivas, R. Yadav, P. Pal (Bangalore, India) 
Objective: Analyse our experience with Stereotactic lesioning for  multi-etiological tremor. 
Background: Lesioning in tremor had been one of the most widely used procedures before the advent of Deep 
Brain Stimulation (DBS). Lesioning does have a role in the management of tremor especially unilateral tremor even 
in this present era. Here we present our experience in the use of stereotactic lesioning in the management of patients 
with multi-etiological tremors. 
Methods: Patients with medically refractory tremor of varying aetiologies ( Parkinson disease, PKAN, Wilson 
Disease, Essential tremor)  who underwent  stereotactic lesioning surgery were included in the analysis. A 
comprehensive clinical-radiological evaluation was performed preoperatively and 3 months and 1 year 
postoperatively. 
Results: A total of 52 patients (38 men, 14 women) with an average age 42.7 years (range 21–65 years) underwent 
stereotactic thalamotomy/subthalamotomy at our institute between 2008 and 2018, for the treatment of medically 
refractory tremor of varying etiologies. The mean preoperative duration of symptoms was 13 years (range 10 months 
to 34 years). The median time to onset of improvement was 6 weeks (range 1 week to 8 months). Analyzing the 
improvement on the modified FTM scale, in part 1 the scores improved from 22.78 to 1.4, the part II subset 
improved from an average of 9.4 to 3.4 while the part III subset improved from an average of 14.1 to 4.1 
postoperatively. This implied an excellent response in tremor. 
Conclusions: In this study we discuss our experience that tremor of various etiologies respond extremely well to 
lesioning surgery. While DBS continues to remain the treatment of choice in various types of bilateral tremor, 
lesioning is very successful in a carefully selected cohort of patients. We are of the opinion that in predominantly 
unilateral tremor or when the patient cannot afford DBS especially in a country like ours, lesioning surgery is an 
important tool in the armamentarium of the functional neurosurgeon. 
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1438 
Is VIM-DBS in ET-plus patients as effective as in ET patients? 
J. Steffen, J. Petry-Schmelzer, T. Dembek, J. Becker, G. Fink, V. Visser-Vandewalle, M. Barbe (Cologne, Germany) 
Objective: To compare the effect of deep brain stimulation (DBS) of the ventral intermediate nucleus (VIM) in 
patients with Essential Tremor (ET) and ET-plus (ET-p). 
Background: Following the recent consensus statement for the diagnosis of ET, a tremor syndrome with additional 
symptoms besides the typical action tremor (i.e. ataxia, rigidity or rest tremor) is now classified as ET-p [1]. 
However the therapeutic consequences of this new classification, especially regarding the effect of VIM-DBS as an 
effective treatment for medication-refractory ET [2], remains to be explored. Therefore, we retrospectively 
compared the effect of VIM-DBS in ET and ET-p patients. 
Methods: Patients diagnosed with ET prior to VIM-DBS, were reclassified as ET or ET-p according to the new 
diagnosis criteria, based on the patient file and, if available, preoperative video documentation. Tremor rating scale 
total scores (TRS) were retrospectively assessed in stimulation OFF and ON state using postoperative video 
documentation. As Shapiro-Wilk test showed normal distribution for TRS scores, TRS change scores were analyzed 
per group using paired t-tests and relative TRS change scores were compared in between groups with the two-
sample t-test. Differences in variance of the relative TRS improvement were investigated using the two sample F-
Test (all p≤0.05; reported as mean). 
Results: 19 ET patients with VIM-DBS were retrospectively reclassified in ET (N=7) and ET-p patients (N=12). 
TRS in stimulation OFF did not differ between groups (ET: 37.29 (±22.07), ET-p: 32.92 (±14.95); p=0.612) and 
improved in both groups in stimulation ON (ET: 11.14 (±6.94), p=0.014; ET-p: 12.92 (±9.99); p<0.001). No 
significant difference in relative TRS improvement was observed between both groups (ET: 66.69% (±23.41); ET-p: 
59.29% (±22.90); p=0.538). Although the variance did not differ significantly between both groups (p=0.89) the 
proportion of patients experiencing less than 60% TRS improvement was much higher in ET-p (ET: 14.3%, ET-p: 
50%). 
Conclusions: Although ET-p and ET patients profit similarly from VIM-DBS, outcome in ET-p patients seems 
more heterogenous. Further studies are needed to investigate differences in Et-p patients. 
References: [1] Bhatia KP, Bain P, Bajaj N, et al. Consensus Statement on the classification of tremors. from the 
task force on tremor of the International Parkinson and Movement Disorder Society. Mov Disord;33:75–87. 
doi:10.1002/mds.27121 [2] Flora ED, Perera CL, Cameron AL, et al. Deep brain stimulation for essential tremor: a 
systematic review. Mov Disord Off J Mov Disord Soc 2010;25:1550–9. doi:10.1002/mds.23195 

1439 
The physiologic complexity of hand tremor identifies Parkinsonian tremor and essential tremor 
D. Su, Z. Liu, H. Pan, T. Feng, J. Zhou (Beijing, China) 
Objective: we hypothesize that the complexity of the hand tremor would be sensitive to and identifiable between 
those the PT and ET. 
Background: Tremor is a common movement disorder, which is often observed in two pathological conditions: 
parkinsonian tremor (PT) and essential tremor (ET). The PT and ET are often misdiagnosed in clinics. The 
spontaneous motion of tremor is dependent upon numerous physiological interactions over multiple temporal-spatial 
scales. The dynamics of the tremor is thus “complex”, containing meaningful information pertaining to the 
underlying physiological function. However, the characteristics of such physiologic complexity in PT and ET still 
remain unknown. 
Methods: Forty-eight participants with clinically-diagnosed PT and 48 age-matched participants with ET completed 
this study. With the wearable accelerometers attached on hand, participants completed two 30-second tests to 
measure the ampliude of tremor in both left and right hand within each of following conditions: sitting while arms 
were at resting state (i.e., resting tremor) and while arms were outstretched horizontally (i.e., postural tremor). The 
multiscale entropy (MSE) was then used to quantify the complexity of the amplitude time series. Greater MSE 
means greater complexity. 
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Results: Participants with ET had significantly lower complexity of both resting and postural tremor in left and right 
hands compared to those with PT (F>9.7, p<0.002), even after adjusted for age and the status “if obvious tremor was 
presented during tests”. Those with lower complexity of hand tremor had longer course of diseases (PT: r2>0.19, 
p<0.009; ET: r2>0.18, p<0.005). Within the PT group, those with lower complexity had greater UPDRS-III scores 
(r2>0.20, p<0.006). Moreover, the Receiver operating characteristic (ROC) curve demonstrated that using the 
average postural tremor complexity of left and right hand can identify the PT and ET (AUC=0.88, cut-off value=48). 
Conclusions: We here demonstrate first-of-its-kind evidence that the physiological complexity of hand tremor 
captures different pathology in PT and ET, and is sensitive to the disease duration and severity. More importantly, 
the ROC analysis revealed that this complexity metric may serve as a novel marker to help the identification of these 
pathological conditions in clinical practice. 

1440 
Dystonic versus parkinsonian tremor 
J. Svantnerova, Z. Kosutzka, M. Minar (Bratislava, Slovakia) 
Objective: To present cases of patients with diagnostic uncertainty between tremor in Parkinson’s disease (PD) and 
dystonic tremor. 
Background: Some patients with clinical presentation of parkinsonian tremor might have negative DaT-SPECT, 
what exclude PD. On the other hand, patients with PD could experience action tremor, different from the rest one. It 
is often not possible to distinguish different types of tremor only by clinical examination, what can result in 
insufficient effect of therapy. 
Methods: We examined four patients with PD and atypical or refractory tremor with Neuro-MEP-8CH EMG 
machine in different situations. 
Results: Case 1: 78-year woman complained about asymmetrical tremor of limbs, head and voice (for 7 years). 
Despite negative DaT-SPECT, she had been diagnosed with PD. On EMG, we confirmed asymmetrical, mainly 
action limb tremor, with some bursts of subcortical myoclonus, co-contractions and overflow activity. There were 
no signs of typical parkinsonian tremor, and findings were too asymmetrical and irregular in frequency to resemble 
ET. We concluded dystonic tremor. 
Case 2: 87-year old women with 1 year history of left-hand tremor, mainly at rest, but also in posture, worsened by 
stress, accompanied with typical asymmetrical rigidity and hypokinesia, with improvement with L-dopa. We 
confirmed asymmetrical 4Hz rest tremor worsened with mental task. In addition, we found 7Hz postural tremor with 
co-contractions and overflow activity. Patient had both parkinsonian and dystonic tremor. 
Case 3: 67-year old man had 4 year history of rather symmetrical tremor of both hands, mainly kinetic, affecting 
activities of daily living. On polymyography, we recorded 5Hz rest component worsened with mental task, and 
postural component composed of bursts of subcortical myoclonus accompanied by co-contraction and overflow 
activity. We concluded dystonic and parkinsonian tremor. Patient is awaiting his DaT-SPECT. 
Case 4: 74-year old woman complained about jaw tremor worsened with stress, and only mild action asymmetrical 
upper limb tremor, for the last year. On the limbs, we detected 8-10Hz action tremor with co-contraction and 
overflow activity. In masseter muscle, there was 7Hz tremor. This supports the diagnosis of dystonic tremor. 
Conclusions: Polymyography helps to distinguish various types of rest, postural and kinetic tremor in patients 
diagnosed with PD. DaT-SPECT can disentangle the diagnosis in unclear cases. 

1441 
Analysis of brain network changes due to focused ultrasound VIM thalamotomy 
N. Tani, S. Oshino, K. Hosomi, H. Khoo, S. Yamamoto, T. Yanagisawa, N. Hattori, M. Kanemoto, H. Mochizuki, H. 
Kishima (Suita, Japan) 
Objective: To explore the brain network change after stereotactic functional surgery, we analyzed the functional 
connectivity using resting state fMRI (rs-fMRI) of the essential tremor patients treated with Focused Ultrasound 
Surgery (FUS). 
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Background: Stereotactic functional surgery, such as Deep brain stimulation and stereotactic ablation surgery, is 
known to dramatically ameliorate the involuntary movement of Parkinson's disease, essential tremor, etc. 
Understanding the alteration in brain networks due to stereotactic functional surgery is indispensable to further 
improve therapeutic effects and to search new targets. The restrs-fMRI can analyze the entire brain network without 
requiring a specific task. VIM thalamotomy by FUS is an ideal model to analyze the brain network changes with rs-
fMRI, because FUS can ameliorate patients’ tremor without the brain tissue damage other than the target, and 
without noisy electric devices. 
Methods: Seven patients with essential tremor and age matched seven healthy subjects were included in this study. 
We analyzed the changes in the brain network by FUS VIM thalamotomy using the rs-fMRI taken before and three 
months after surgery. 
Results: FUS VIM-thalamotomy ameliorated patients’ tremor in all seven patients, and the functional connectivity 
between the left thalamus and the caudal part of the dorsal premotor cortex (PMDc) was strengthened after surgery. 
In addition, the essential tremor patients showed a tendency to have weaker functional connectivity between left 
thalamus and PMDc than healthy subjects. 
Conclusions: PMDc is known to play an important role in reaching task. It is an issue that should be researched in 
the future whether the observed functional connectivity change after thalamotomy is a result of the reduction of 
tremor or one of the mechanisms to reduce tremor. 
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1442 
Characteristics of arm tremors in primary orthostatic tremor 
J. Tashiro, H. Ohtsuka, M. Hirotani, Y. Iida, S. Hamada, H. Soma, M. Nonaka, S. Honma, A. Takei, F. Moriwaka, 
K. Tashiro (Sapporo, Japan) 
Objective: To clarify the characteristics of arm tremors in a case with primary orthostatic tremor (OT) using surface 
electromyography (SEMG) with modifications of recording conditions. 
Background: OT is characterized by leg tremor with the distinctive frequency range of 13-18 Hz and subjective 
unsteadiness only on standing still but absent when sitting or lying, improved by walking or leaning. In OT cases, 
tremors like essential tremor (ET) of the outstretched arms are reported to be commonly observed. We conducted 
this study to clarify the characteristics of arm tremors in OT. 
Methods: Neurological examination was done and the frequency of arm tremors were determined using 
accelerometer in a female case with OT in her fifties. SEMG were performed in her arm and leg muscles with 
various conditions of her arms such as relaxed, outstretched, with voluntary muscle contraction and in weight 
bearing in both standing and sitting positions. 
Results: Neurological examination revealed fine postural tremor of her outstretched arms with the frequency of 
approximately 8 Hz determined by accelerometer. No muscle discharges were observed in either her arms or legs 
when sitting with her arms relaxed. The muscle discharges with the frequency of around 15 Hz appeared in her arms 
and legs on standing with her arms relaxed. When her arms were outstretched, the muscle discharges with the 
frequencies of 15 Hz were detected in both her arms and legs on standing and those of 14-15 Hz appeared only in 
her arms on sitting. With voluntary contraction of her arm muscles, the muscle discharges with the frequencies of 15 
Hz were seen in both her arms and legs on standing and those of 10-12 Hz appeared only in her arms on sitting. 
When her arms were in weight bearing condition on standing, the muscle discharges with the frequency of 10-15 Hz 
appeared in her arms, with the amplitudes of muscle discharges of her legs decreased or disappeared. 
Conclusions: The arm tremors of our OT case had the frequency consistent with ET as previously reported, 
however, the muscle discharges with the frequencies within the range of OT or a little slower were demonstrated 
using SEMG with her arms outstretched, with voluntary contraction of her arm muscles, and when her arms and/or 
legs were in weight bearing conditions. 
These data are also presented at the 13th Congress of the Movement Disorder Society of Japan on July 25-27, 2019. 

1443 
Three cases of early tremor in the course of Guillain-Barré Syndrome 
S. Ten Holter, M. Louter, F. Eftimov, J. Dijk (The Hague, Netherlands) 
Objective: To report three cases of patients developing tremor in the course of Guillain-Barré Syndrome (GBS). 
Background: GBS is a monophasic neuropathy causing weakness and/or impaired sensation and sometimes pain. 
Tremor is known to be a manifestation of chronic inflammatory demyelinating neuropathy (CIDP),[1,2] but has 
rarely been reported in GBS.[3–5] 
Methods: We describe three male patients at the age of 25, 29 and 39 years, who were seen on the movement 
disorder outpatient clinlic of the Amsterdam University Medical Center because of tremor that developed during the 
course of GBS. 
Results: The three patients had developed GBS symptoms 12 months, 13 months and 13 years earlier. Two patients 
had sensory and motor involvement, one patient had a pure motor GBS. In all patients, tremor had developed several 
days after debut of the GBS symptoms. Two patients were treated with intravenous immunoglobulins. Tremor 
persisted despite full recovery of strength and sensory impairment. On examination, a postural and intention tremor 
was observed in the hands in all patients. In two patients, tremor was also present in the feet and tremor was present 
in the tongue in one patient. Besides high frequency rythmic movements with small amplitude, irregular jerky 
movements were seen. Tremor analysis in one patient showed a 8-9 Hz tremor in action. Results of the tremor 
analysis of the other patients follow and will be described. In all patients the tremor had remained stable over time. 
In one patient, tremor caused  impairment in daily life for which propranolol was tried but not tolerated. 
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Conclusions: Tremor may develop early in the course of GBS and may persist up to years after recovery of motor 
and sensory symptoms. 
References: 1. Cao Y, Menon P, Ching-Fen Chang, et al, Postural tremor and chronic inflammatory demyelinating 
polyneuropathy, Muscle Nerve. 2017;55(3):338-343 2. Saifee TA, Schwingenschuh P, Reilly MM, et al. Tremor in 
inflammatory neuropathies. J Neurol Neurosurg Psychiatry. 2013;84(11):1282-1287 3. Rossi LN, Mumenthaler M et 
al. Guillain-barré syndrome in children with special reference to the natural history of 38 personal cases. 
Neuropadiatrie 1976 Feb;7(1):45-51 4. Coltamai L, Magezi DA, Croquelois A. Pregabalin in the treatment of 
neuropathic tremor following a motor axonal form of Guillain-Barre syndrome. Mov Disord. 2010;25(4):517-519 5. 
Doppler K, Stengler H, et al. Neurofascin-155 IgM autoantibodies in patients with inflammatory neuropathies J 
Neurol Neurosurg Psychiatry. 2018;0:1–7 

1444 
Myokymia and Tremor-like Involuntary Movement in A Patient with Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy 
C.-H. Tsai, Y. Aoh, Y.C. Guo, M.K. Lu (Taichung, Taiwan) 
Objective: To illustrate the myokymia and tremor-like phenomenon in a patient with chronic inflammatory 
demyelinating polyradiculoneuropathy. 
Background: The clinical manifestations of CIDP are various and around 50% patients may present with atypical 
features. Some of the patients may manifest with myokymia, tremor or tremor-like phenomenon and may mislead 
the clinician astray. In this regard, early detection of the atypical features of CIDP is mandatory for early immune 
intervention. 
Methods: Here we present a 25-year-old man diagnosed as having CIDP with the first presentation of bilateral 
hands trembling mimicking essential tremor and myokymia of calf regions was detected incidentally during 
neurological examination. The deep tendon reflexes were absent in bilateral ankles, brachioradialis, and triceps. 
Decreased pin-prick sensation in a glove-stocking distribution, diminished joint-position sense, and a positive 
Romberg test were documented. Nerve conduction velocity (NCV), needle/surface EMG and CSF study were 
performed for the diagnosis. Blood tests, including anti-voltage-gated potassium channel antibodies (Anti-VGKC), 
were examined. 
Results: Motor NCV revealed decreased conduction velocity with preserved amplitude in the bilateral median and 
ulnar nerves. Sensory NCV study, H-reflex, and F-waves were mostly unrecordable. Needle EMG disclosed 
myokymic discharge. Anti-VGKC were negative. Surface EMG recording of bilateral abductor pollicis brevis 
revealed 6-11 Hz irregular muscle activity. The diagnosis of CIDP was made based on clinical history, NCV/EMG 
findings and CSF cytological-albuminal dissociation (no pleocytosis, protein 341 mg/dl). The clinical tremor-like 
features were relevant to myokymic activities of the muscles. His conditions were improved after plasmaphoresis 
and returned to workplace 2 months later after treatment. 
Conclusions: Myokymia and tremor-like movement disorder may be the presenting features of CIDP and the 
atypical features may make the appropriate diagnosis difficult. Earlier recognition of the unusual presentation is 
crucial for in time immunological intervention and good outcome. 

1445 
Substantia Nigra Hyperechogenicity in Parkinson's Disease and Essential Tremor and its Association with 
Premotor Symptoms of Parkinson's Disease 
M. Uribe Roca, A. Chertcoff, L. Bandeo, M. Saucedo, F. Pantiu, L. De Francesco, L. Leon Cejas, M. Pacha, G. 
Napoli, P. Bonardo, O. Martinez, M. Fernandez Pardal, R. Reisin (Buenos Aires, Argentina) 
Objective: To compare the frequency of Substantia Nigra hyperechogenicity (SN+) in patients with essential tremor 
(ET) and Parkinson’s disease (PD), to determine the frequency of premotor symptoms commonly described in PD 
(PD-PMS) in both groups and their association with SN+. 
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Background: Several studies have shown that certain patients with ET have an increased risk of developing PD. 
SN+ is found in 13-33% of patients with ET and can be considered a biomarker for PD risk in patients with ET. In 
addition, PD-PMS might contribute to identify this ET vulnerable group. There is scarce information regarding PD-
PMS and their possible association with SN+ in patients with ET. 
Methods: We retrospectively reviewed medical records of 87 patients with PD and 63 with ET studied by 
transcranial ultrasound in our Hospital between April 2016 and July 2017. We excluded 26 PD and 10 ET patients 
due to transcranial insufficient insonability and incomplete data. Finally, 61 PD and 53 ET patients were included 
and compared. SN+ was defined as hyperechogenic area >0.20cm2. Analyzed variables: age, gender, frequency of 
SN+, maximum SN hyperechogenic area (MaxSN+), frequency of PD-PMS (RBD, hyposmia, constipation, 
depression) and their association with SN+. Statistical analysis: T-test, Chi-squared test and Spearman´s rank 
correlation coefficient. Statistical significance level: p <0.05. 
Results: Significant differences between groups: frequency of SN+ (PD:52(85%); ET:20(37%), p<0.0001), 
MaxSN+ (PD:0.30±0.10cm2; ET:0.15±0.12cm2, p< 0.0001) and positive PD-PMS (PD:53(87%); ET:25(47%), 
p<0.0001). PD group: no association was found between PD-PMS and SN+. ET group: neither association nor 
correlation was found between PD-PMS and SN+. 
Conclusions: Clinical and sonographic findings in PD patients were similar to those previously described. The 
frequency of SN+ and PD-PMS in patients with ET were significantly lower than in the PD group. The SN 
echogenicity was normal in the majority of ET patients with PD-PMS. 

1446 
Tremoroton, a new open source tool for tremor analysis 
F. Vial, P. Kassavetis, M. Hallett (Bethesda, MD, USA) 
Objective: To introduce an open source software for the electrophysiological analysis of tremor. 
Background: The last MDS consensus on tremor in 2018 proposed a tremor classification along two axes, clinical 
and etiological. One of the tools proposed for the clinical characterization is electrophysiology. The 
electrophysiological characterization of tremors, although proven to be very useful, is not widely available.  The 
tools needed to do this kind of study are the hardware (an amplifier with at least 6 channels, surface electrodes and 
two accelerometers) and the software to process the data. The hardware for acquisition of EMG is usually available 
in neurology clinics and the accelerometers can be obtained at low cost. The software for data analysis is not usually 
available and this may be a barrier for wide adoption of tremor studies. Our purpose was to develop a website with a 
software for data processing needed for the tremor analysis. 
Methods: Using “R” programing language we developed software for tremor analysis. The software is designed to 
read 1 accelerometer (ACC) channel and 2 electromyographic (EMG) channels for each forearm (total of 2 ACC 
and 4 EMG). The input is a text file with the channel information in columns. The user will be able to display the 
data in time series in interactive plots, perform fast Fourier frequency transformation of the channels and do 
coherence analysis. By analyzing data recorded in different conditions (rest, posture, posture plus weight loading, 
action) it is possible to identify the mechanical, mechanical reflex and central component of the tremor. The 
coherence analysis helps to find tremor components originating from common oscillators. The combined 
information from the time and the frequency domains can facilitate diagnosis of essential tremor, enhanced 
physiological tremor, functional tremor, orthostatic tremor as well as identification of dystonic and myoclonic 
activity inside the tremor. 
Results: The software will be published on a website so clinicians will be able to do the tremor analysis online. The 
codes of the software will also be available for further improvement by the community. 
Conclusions: The electrophysiological study of tremor is a valuable tool for characterization of tremor. We are 
providing a free open source tool for tremor analysis. 
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1447 
The mechanism of tremor-modulating properties of propranolol and primidone in essential tremor: A study 
with transcranial magnetic stimulation and eye blink classical conditioning paradigm 
K. Vogelnik, N. Prezelj, R. Perellon Alfonso, P. Klavžar, M. Gregorič Kramberger, D. Flisar, D. Georgiev, Z. 
Pirtošek, M. Kojović (Ljubljana, Slovenia) 
Objective: To explain central mechanisms of propranolol and primidone action and to study pathophysiology of 
essential tremor (ET). 
Background: Neurophysiological studies suggest that both motor cortex and cerebellum are involved in 
pathophysiology of ET.  Although the beneficial effect of β-blockers and primidone on ET is well known, the 
mechanism of their central action is poorly understood. 
Methods: Thirty-six patient with clinical diagnosis of ET were studied prior to treatment with propranolol or 
primidone and 17 thus far repeated the assessment 3 months after treatment initiation. We used transcranial 
magnetic stimulation to study motor cortex excitability, including resting and active recruitment curves (RC), short 
interval intracortical inhibition (SICI), cortical silent period (CSP) and short afferent inhibition (SAI). Eyeblink 
classical conditioning (EBCC) paradigm was performed at baseline to asses if degree of cerebellar impairment may 
predict treatment response. Tremor was assessed clinically and by EMG and accelerometry recordings. Positive 
treatment response was defined as 30% or more decrease in tremor amplitude. 
Results: Propranolol significantly more increased SICI than primidone. On the contrary, primidone was 
significantly more effective in decreasing the stepness of resting RC and in prolonging  CSP comparing to 
propranolol. Decrease in the steepness of active RC, an increase of SAI and increase of ICF were present in 
propranolol group only and among responders only. There was a significant correlation between improvement of 
both SAI and ICF and tremor improvement. EBCC did not predict response to treatment in neither propranolol nor 
primidone group. 
Conclusions: Propranol and primidone have different effect on TMS measures of cortical excitability in ET. 
Propranolol effect may be associated with increase of GABA-a and cholinergic cortical inhibition, as measured by 
SICI and SAI respectively and with increase in intracortical facilitiation, which is presumably mediated by 
glutaminergic transmission. Primidone effect may be related to increase in GABA-b intracortical inhibition and 
increase in membrane resting potential, as measured by CSP and resting RC, respectively. TMS may help to define 
mechanism of action of pharmacological agents in ET, which may eventually lead to development of novel 
therapeutics. 

Drug-Induced Movement Disorders 

1448 
Combination Antiretroviral therapy (cART)-induced cerebellar and prefrontal cortex disorders: A Study on 
the impact of Naringenin and Quercetin 
E. Akang, O. Dosumu, A. Fagaroye, I. Usman, A. Oremosu, A. Akanmu (Lagos, Nigeria) 
Objective: This study was designed to investigate the therapeutic potential of selected bioflavonoids on cART-
induced neurological disorders. 
Background: Long term usage of combination antiretroviral therapy (cART) has been associated with neurological 
disorders from varying toxicities. 
Methods: Thirty-five male Wistar rats were randomly divided into seven groups viz: control (distilled water), N: 50 
mg/kg Naringenin, Q: 50 mg/kg Quercetin, 24 mg/kg cART, CN: 24 mg/kg cART + 50 mg/kg Naringenin, CQ: 24 
mg/kg cART + 50 mg/kg Quercetin and DMSO: 1% v/v Dimethyl Sulfoxide. The animals were subjected to open 
field neurobehavioral test after which they were euthanized on the 57th day, and tissues (cerebellum and prefrontal 
cortex) processed for Tumor necrosis factor alpha (TNF α), histochemical (Giemsa), and immunohistochemical 
(Monoamine oxidase B) tests. Ethical clearance protocol number: CMUL/HREC/03/17/113. 
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Results: There was an increase in the TNF α level in the group that received cART only (219.6 ± 5.9) when 
compared to the control (196.4 ± 7.3), and CN (197.5 ± 2.5). Oxidative stress markers showed that antioxidant 
enzymes SOD, GSH and CAT decreased significantly in cART compared to control, CN and CQ, whereas, MDA 
levels increased significantly. Behavioural and motor assessment test results showed that there was significant 
decrease in the locomotor activity, rearing, grooming, and an increased immobility time in cART group compared to 
the control. Animals that received both cART and bioflavonoids showed a significant increase in locomotor activity 
compared to cART. In addition, the morphology of the cerebellar tissues were well preserved in the control group 
but the granular and Purkinje cells were more distinct and finer in groups that received Naringenin, and Quercetin. 
However, there was a significant decrease (p<0.05) in the granular, and Purkinje cells of cART group compared to 
the groups that received a combination of cART and bioflavonoids (CN and CQ). Likewise, monoamine oxidase B 
expression in cART was significantly upregulated compared to control. 
Conclusions: This study demonstrates that Naringenin and Quercetin are capable of serving as anti-inflammatory 
agents as well as prevent cART induced cerebellar movement disorders and prefrontal cortex perturbations. 

1449 
The dopamine receptor antagonist haloperidol enhances beta and gamma oscillations and bursts in the motor 
cortex 
M. Alam, T. Doll, J. Krauss, K. Schwabe (Hannover, Germany) 
Objective: We aimed to investigate the changes in oscillatory activity in the motor cortex (MCtx) and the 
sensorimotor cortex (SMCtx) of rats after acute injection of the dopamine (DA) receptor antagonist haloperidol 
(Halo) and subsequent injection of the DA receptor agonist apomorphine (APO). 
Background: Oscillatory activity of local field potentials (LFPs) plays a central role in regulating different states of 
brain function. In neurological and neuropsychiatric disorders neuronal oscillations between subcortical basal 
ganglia (BG) and cortical circuits are altered. 
Methods: Six male Sprague Dawley rats (260-300g) were used in this study. Rats were anesthetized with chloral 
hydrate (370 mg/kg; i.p.) and a sixteen channel surface electrocortigram (ECoG) recording array was placed under 
the dura above the MCtx and SMCtx areas of one hemisphere. Five days after surgery, individual free moving rats 
were recorded for 30 min in three conditions: (1) basal activity, (2) after injection of Halo (0.5 mg/kg), and (3) with 
additional injection of APO (1mg/kg). Spontaneous basal oscillatory activity and average number of bursts were 
analyzed in the MCtx and SMCtx area. 
Results: Injection of Halo decreased oscillatory theta band activity (4-8Hz) and enhanced beta (12-30Hz) and 
gamma (30-100Hz) in MCtx and SMCtx, which was compensated by APO (p <0.001). Further analysis showed a 
higher count of bursts in beta and gamma oscillatory activity after Halo in the MCtx and SMCtx. APO only 
compensated this measure for beta bursts in the SMCtx, while not affecting gamma burst count in both regions and 
beta burst count in the MCtx. 
Conclusions: Our results provide evidence that blockade of dopamine predominantly elevates beta and gamma and 
suppresses low frequency theta oscillations in motor cortical areas. Further, our results propose that exaggerated beta 
and gamma frequency and higher number of bursts in the cortical networks may be involved in altered sensorimotor 
information processing in neurological and neuropsychiatric disorders. 

1450 
A case of donepezil-induced multifocal myoclonus 
C. Amlang, P. Kim, A. Padalia, B. Roy, S. Schaefer (New Haven, CT, USA) 
Objective: To describe the case of a patient who developed severe multifocal myoclonus due to donepezil. 
Background: Donepezil is a cholinesterase inhibitor frequently used to treat dementia [1]. Most common side 
effects include gastrointestinal symptoms, muscle cramps or sleep problems [2]. More serious side effects include 
seizures, urinary retention or bradycardia [1]. Movement disorders are exceedingly rarely associated with its use [3]. 
On the contrary, donepezil has actually been studied as a treatment option for tardive dyskinesias [4]. 
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Methods: This is a 67-year-old man with a past medical history of medullary and occipital strokes, hypertension, 
diabetes mellitus type 1, hepatitis C who presented with progressive involuntary movements described as “tremors”. 
He reported sudden onset abdominal twitching which rapidly evolved into severe abnormal movements of the upper 
body. On exam, he had multifocal myoclonic movements of his head, face, upper extremities and trunk which were 
severe enough to prevent him from sitting up, sleeping and eating. The only recent change in his life 
style/medication regimen was the initiation of donepezil 4 weeks prior. 
Results: MRI of the brain with and without contrast did not show any acute intracranial pathology. 
Comprehensive  metabolic work up, including thyroid stimulating hormone was unrevealing. Donepezil was held 
and he was started on clonazepam 0.5mg nightly for 7 days. The myoclonic movements subsided within one day and 
had not recurred when he followed up in clinic 4 months later. 
Conclusions: Our patient suffered from severe myoclonic movements which were most likely caused by donepezil. 
Five other cases of myoclonus caused by centrally acting (Donepezil [5,6] and Tacrin [7]) or peripherally active 
cholinesterase inhibitors (physostigmine [8]) have been reported thus far in the literature. The exact mechanism by 
which the medication can cause myoclonus is unclear but seems to be related to its primary cholinergic mechanism. 
Interestingly, both hypercholinergic [9,10] as well as hypocholinergic [11,12] central drug effects have been 
associated with causation or amplification of myoclonus raising the question of a rather modulatory effect of the 
central cholinergic system on myoclonic movement disorders. Given its common use and the general perception that 
cholinesterase inhibitors are relatively safe, medical professionals should be aware of potential and infrequent 
adverse reactions such as observed in this case. 
References: 1) Seltzer, Ben. "Donepezil: an update." Expert opinion on pharmacotherapy 8.7 (2007): 1011-1023. 2) 
Shigeta, Masahiro, and Akira Homma. "Donepezil for Alzheimer's disease: pharmacodynamic, pharmacokinetic, 
and clinical profiles." CNS Drug Reviews 7.4 (2001): 353-368. 3) Cacabelos, Ramón. "Donepezil in Alzheimer’s 
disease: from conventional trials to pharmacogenetics." Neuropsychiatric Disease and Treatment 3.3 (2007): 303. 4) 
Bergman, Joseph, et al. "Beneficial effect of donepezil in the treatment of elderly patients with tardive movement 
disorders." The Journal of clinical psychiatry 66.1 (2005): 107-110. 5) Bougea, Anastasia, et al. "Donepezil-induced 
myoclonus in a patient with Alzheimer disease." Annals of Pharmacotherapy 48.12 (2014): 1659-1661. 6) Whateley, 
Jennifer M., Alice J. Huffman, and Emily J. Henderson. "Acute inability to mobilise resulting from probable 
donepezil-induced myoclonus." Age and ageing 47.6 (2018): 907-908. 7) Abilleira, S., M. VIGUERA, and F. 
Miquel. "Myoclonus induced by tacrine." Journal of neurology, neurosurgery, and psychiatry 64.2 (1998): 281. 8) 
Mayeux, Richard, Marilyn Albert, and Michael Jenike. "Physostigmine‐induced myoclonus in Alzheimer's disease." 
Neurology 37.2 (1987): 345-345. 9) Chokroverty, Sudhansu, Mahendra K. Manocha, and Roger C. Duvoisin. "A 
physiologic and pharmacologic study in anticholinergic‐responsive essential myoclonus." Neurology 37.4 (1987): 
608-608. 10) Rektor, Ivan, et al. "Influence of cholinergic system on myoclonus in myoclonic epilepsies." 
Movement disorders: official journal of the Movement Disorder Society 7.3 (1992): 224-227. 11) Moos, Daniel D. 
"Central anticholinergic syndrome: a case report." Journal of PeriAnesthesia Nursing 22.5 (2007): 309-321. 12) 
Holinger, P. C., and H. L. Klawans. "Reversal of tricyclic-overdosage-induced central anticholinergic syndrome by 
physostigmine." The American journal of psychiatry 133.9 (1976): 1018-1023. 

1451 
A Case of Pregabalin induced Parkinsonism 
B.C. ARI, F. MAYDA DOMAC, G. OZGEN KENANGIL (istanbul, Turkey) 
Objective: Present a case of parkinsonism after administration of pregabalin, a rare case 
Background: Drug induced parkinsonism is the second common movement disorders after Parkinson’s Disease. 
The most commons are dystonia, akathisia, myoclonus and tremor. It occurs due to the use of not only neuroleptics 
but also SSRIs, lithium, calcium channel blokers and valproic acid. Pregabalin is a structural analog of gamma 
amnobutiric acid (GABA) that binds to the alpha-2-delta subunit of N-type calcium channels, is the antiepileptic 
drug that is used for epileptic seizures and neuropathic pain. Its use decrease the release of several neurotransmitters. 
Due to the report of pregabalin induced parkinsonism is rare, we wished to present a case. 
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Methods: Case report 
Results: A 53 year-old female patient was admitted to our clinic with the symptoms of hoarseness, dysrthria, 
dizziness, slowed movements, walking difficulty 1 week after the use of pregabalin 150mg/day treatment due to the 
pain of Fibromyalgia. Initial neurologic examination revealed bradimimi, bradikinesia and axial, wrist and elbow 
rigidity bilaterally and decrease in the natural swing of both arms when walking. She had Migraine, Familial 
Mediterranean Fever and Hipertension and using irbesartane+tiazide 300/12,5mg daily. She did not had a family 
history of parkinsonism. The brain MRI and CT showed no abnormality detected. The prebalain treatment stopped, 
at follow up of 10 days the parkinsonian symptoms were disapperaed but bradimimia. Based on the clinical features, 
investigations and the resolution of the complaints a diagnosis of tardiv parkinsonism was made. 
Conclusions: We describe a drug incued parkinsonism due to the usage of pregabalin. Pregabalin is a calcium 
channel bloker and it is reported that calcium blokers reduce presynaptic levels of dopamine in the brain and may 
cause parkinsonian symptoms. The mechanism of parkinsonism of pregabalin use has not been studied yet. The aim 
of this report is to enhance the clinicians awareness of the side effects of pregabalin. Further studies are needed to 
find the exact mechanism of pregabalin incued parkinsonism. 
References: 1.Matsuki Y, Tabata M, Nobukawam Y, Sakai M, Yasuca Y, Mizogam M, Shigemi K. Muscle rigidity 
associated with pregabalin. Pain physician. 2012;15(3), E349-351, 2.Lloret SP, Amaya M, Merello M. Pregabalin-
induced parkinsonism: a case report. Clinical neuropharmacology. 2009;32(6), 353-354, 3.Shin W, Chung SJ. Drug-
induced parkinsonism. Journal of clinical neurology. 2012:8(1),15-21. 

1452 
Clinically Relevant Changes in AIMS Based on Clinical and Patient Global Impression of Change in Patients 
With Tardive Dyskinesia Treated with Deutetrabenazine 
H. Barkay, A. Wilhelm, M. Wieman, M. Gordon, R. Hauser, J.M. Savola (Netanya, Israel) 
Objective: To assess clinically relevant reductions with treatment of deutetrabenazine in abnormal involuntary 
movements in patients with tardive dyskinesia (TD), as evidenced by correlation between centrally read Abnormal 
Involuntary Movement Scale (AIMS) score with investigator’s Clinical Global Impression of Change (CGIC) and 
Patient Global Impression of Change (PGIC). 
Background: Deutetrabenazine (DBTZ) was FDA approved for treatment of TD based on the Phase 3 studies in 
patients with baseline (BL) AIMS scores ≥6. In ARM-TD, DBTZ reduced overall AIMS scores compared with 
placebo (–3.0 vs –1.6, P=0.019). In AIM-TD, DBTZ reduced overall AIMS scores compared with placebo, with 
comparable outcomes in patients treated with 24 mg/day (–3.2 vs –1.4 in placebo, P=0.003) or 36 mg/day (–3.3 vs –
1.4, P=0.001). 
Methods: ARM-TD and AIM-TD were 12-week, randomized, double-blind, placebo-controlled studies evaluating 
the safety and efficacy of DTBZ for treating TD. The AIMS score was assessed by blinded central rating. AIMS 
response was defined as ≥50% reduction in AIMS score; treatment success was defined as ‘much improved’ or ‘very 
much improved’ in the CGIC or PGIC. 
Results: 295 patients were included in the analysis. At Week 12, 41% of patients achieved CGI success; AIMS 
score mean (±SE) change from BL in this group was –4.2±0.31, and 44% of patients had AIMS response. Patients 
who did not meet CGIC treatment success had AIMS score mean change from BL of –1.3±0.20, and 90% of them 
did not meet AIMS response. Patients who met AIMS response were more likely to show CGIC treatment success 
(OR 7.3 [95% CI, 3.9–13.5]). 38% of patients met PGIC treatment success; their AIMS score mean change from BL 
was –4.0±0.31, and 42% of them achieved AIMS response. In patients not meeting PGIC treatment success, the 
AIMS score mean change from BL was –1.6±0.22, and 87% did not achieve AIMS response. Patients who achieved 
AIMS response were more likely to meet PGIC treatment success (OR 4.8 [95% CI, 2.7–8.5]). 
Conclusions: DTBZ treatment provides clinically relevant reductions in abnormal involuntary movements in TD 
patients, based on AIMS improvement correlated with CGIC or PGIC treatment success. Based on this analysis, 
both clinicians and patients can recognize the benefit of DTBZ in treating TD symptoms. 
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1455 
Toning down SPNs to improve motor responses to dopaminergic stimulation in Parkinson’s disease 
G. Beck, H. Mochizuki, S. Papa (Atlanta, GA, USA) 
Objective: This study was aimed at examining whether decreasing the baseline SPN firing frequency towards the 
low activity found in normal conditions reduces LID. 
Background: Loss of nigrostriatal dopamine in Parkinson’s disease (PD) causes dysregulation of striatal projection 
neurons (SPNs), but long-term dopamine replacement fails to efficiently modulate SPNs. Recordings in animal 
models of chronic, advanced PD and patients have revealed significant hyperactivity widely distributed across 
SPNs. Hyperactive SPNs respond to dopaminergic stimulation with pathological (unstable) firing changes, which 
are associated with motor responses complicated by dyskinesias (LID). 
Methods: To test acute pharmacological reduction of the SPN activity, a selective NMDAR antagonist (LY235959) 
or vehicle (aCSF) as control was infused into one side of the putamen of advanced parkinsonian non-human primate 
(NHPs, n=3). The antagonist was infused in the “off” state, and L-Dopa methyl ester plus benserazide was injected 
s.c. after the infusion. To test chronic reduction of the SPN activity, the inhibitory DREADDs (designer receptor 
exclusively activated by designer drugs) hM4Di was expressed in the striatum of hemiparkinsonian rats. rAAV-
hSyn-hM4D(Gi)-mCherry or the control virus (rAAV-hSyn-GFP) was injected into the left striatum of rats with 6-
hydroxydopamine lesions of the left nigrostriatal pathway (n=9). After 4 weeks, rats received daily CNO treatment 
to activate DREADDs and L-Dopa to induce AIMs for 2 weeks. The whole motor response and LID or AIMs 
(abnormal involuntary movements) were assessed using standardized rating scales for NHP and rodents, 
respectively. 
Results: The NMDAR antagonist infusion in parkinsonian NHPs significantly reduced LID scores on the 
contralateral side without affecting the antiparkinsonian action of L-Dopa (motor disability scores of “on” state). 
Chronic activation of inhibitory DREADDs in rats significantly reduced AIMs. 
Conclusions: These results indicate that strategies to reduce the hyperactivity of SPNs may help control 
dyskinesias. The potential of this strategy to induce further improvements in motor responses to L-Dopa remains to 
be assessed. 

1456 
Long-Term Outcomes in Patients with Tardive Dyskinesia who Were Early Responders with Valbenazine 
S. Factor, C. Comella, S. Marder, J. Burke, K. Farahmand, S. Siegert (Atlanta, GA, USA) 
Objective: To assess the long-term outcomes of once-daily valbenazine (VBZ) on tardive dyskinesia (TD) using a 
formal assessment (Abnormal Involuntary Movement Scale [AIMS]) in participants who were early responders 
based on self-report (Patient Global Impression of Change [PGIC]) or clinician judgment (Clinical Impression of 
Change-Tardive Dyskinesia [CGI-TD]). 
Background: VBZ, approved for treating TD in adults, has been evaluated in several long-term studies, including 
KINECT 3 (NCT02274558) in which participants received VBZ (40 or 80 mg) for up to 48 weeks. 
Methods: Data from KINECT 3 (40 or 80 mg [once-daily], 6-week double-blind, placebo-controlled [DBPC] 
period; 42-week double-blind extension) were analyzed post hoc. Long-term outcomes included mean change of 
AIMS total score from baseline to Week 48 (CFB) and AIMS response (≥50% total score improvement from 
baseline) at Week 48. These AIMS outcomes were assessed in participants who reached an “early improvement” 
threshold, defined as a PGIC or CGI-TD score of 1 (“very much improved”), 2 (“much improved”), or 3 
(“minimally improved”) at Week 2 (first post-baseline visit) of the DBPC period. 
Results: Of 143 participants who received 48 weeks of VBZ (40 or 80 mg), 72 (50%) achieved early PGIC 
improvement (score ≤3 at Week 2); 61 (43%) achieved early CGI-TD improvement (score ≤3 at Week 2). After 48 
weeks of treatment, mean AIMS total score CFB in participants with early PGIC improvement was similar to those 
who did not reach the early PGIC improvement threshold (-4.1 vs -3.5). Mean AIMS total score CFB in participants 
with early CGI-TD improvement was similar to those who did not achieve early CGI-TD improvement (-4.2 vs -3.5 
). AIMS response at Week 48 was also similar in those who achieved early PGIC and CGI-TD improvement (40% 
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and 42%, respectively) compared to those who did not achieve early PGIC and CGI-TD improvement (39% and 
38%, respectively). 
Conclusions: Results from this long-term VBZ trial indicate that many participants achieved early patient- and 
clinician-reported improvement at Week 2. AIMS outcomes at Week 48 demonstrated long-term reductions in TD 
severity regardless of early response. More research is needed to understand the association between early 
improvement and long-term treatment effects, but early non-improvement based on subjective measures may not be 
predictive of long-term treatment failure. 

1457 
Long-Term Treatment With Deutetrabenazine Is Associated With Continued Improvement in Tardive 
Dyskinesia: Results From an Open-Label Extension Study 
R. Hauser, H. Barkay, H. Fernandez, S. Factor, J. Jimenez-Shahed, N. Gross, M. Gordon, J.M. Savola, K. Anderson 
(Tampa, FL, USA) 
Objective: To evaluate long-term efficacy of deutetrabenazine in patients with tardive dyskinesia (TD) by 
examining the change from baseline in Abnormal Involuntary Movement Scale (AIMS) scores and Clinical Global 
Impression of Change (CGIC). 
Background: In the 12-week ARM-TD and AIM-TD pivotal studies evaluating deutetrabenazine for the treatment 
of TD, statistically significant improvements in TD symptoms were demonstrated, and there were low rates of 
overall adverse events and discontinuations associated with deutetrabenazine. The ongoing open-label extension 
study (SD-809-C-20) evaluates the long-term efficacy and safety of deutetrabenazine in patients with TD. 
Methods: Patients with TD who completed ARM-TD or AIM-TD could enroll in this open-label, single-arm study, 
titrating up to an individual optimal dose over 6 weeks to a maximum total daily dose of 48 mg/day on the basis of 
dyskinesia control and tolerability. The change from baseline in AIMS score was assessed by local site raters for this 
analysis. Treatment success according to clinical global assessment (patients “Much Improved” or “Very Much 
Improved” on CGIC) was evaluated. 
Results: 343 patients enrolled in the extension study. At Week 54 (n=249; total daily dose [mean ± SE]: 38.6±0.66 
mg), the mean change from baseline in AIMS score was -4.8±0.27; 65% of patients experienced treatment success. 
At Week 106 (n=169; total daily dose: 39.6±0.77 mg), the mean change from baseline in AIMS score was -
5.6±0.34, and 65% experienced treatment success. At Week 132 (n=109; total daily dose: 39.7±0.97 mg), the mean 
change from baseline in AIMS score was -6.4±0.47, and 79% experienced treatment success. Treatment was 
generally well tolerated. There were 623 patient-years of exposure through Week 158, and exposure-adjusted 
incidence rates (incidence/patient-years) of adverse events of special interest were 0.01 for akathisia and 
restlessness, 0.07 for somnolence and sedation, 0.04 for parkinsonism, and 0.05 for depression. 
Conclusions: Patients who received long-term treatment with deutetrabenazine achieved improvement in AIMS 
scores and treatment response rates that were indicative of clinically meaningful long-term benefit. Results from this 
open-label trial with individual dose titration suggest the possibility of increasing benefit over time. 

1458 
Memantine induced dyskinesia in Alzheimer’s disease 
M. Kaiserova, L. Hvizdošova, K. Mensikova, P. Kanovsky (Olomouc, Czech Republic) 
Objective: There is only little evidence for memantine induced dyskinesia in Alzheimer’s disease. We present a 
patient with Alzheimer’s disease who developed choreatic dyskinesia 
as a result of therapeutic doses of memantine. 
Background: Memantine is an uncompetitive NMDA(N-methy-D-aspartic acid)- receptor antagonist and probably 
also have a dopaminergic effect by acting on D2High receptors. There is only little evidence for memantine induced 
dyskinesia in Alzheimer’s disease. In the reported cases dyskinesia was caused by increased daily doses of 
memantine or by its interaction with other drugs causing different pharmacokinetic characteristics of memantine. 
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Methods: We present a woman who was diagnosed with Alzheimer’s disease at the age of 74 years. 
Neuropsychological testing showed moderately severe dementia with MMSE score of 15. Treatment with 
memantine was started with maintenance dose of 20mg per day. Three years later she was admitted to the hospital 
due to subacute development of choreatic dyskinesia with intermittent head drop and prominent postural instability. 
Results: After excluding other causes of acute/subacute chorea, treatment with memantine was terminated. 
Dyskinesia slowly resolved within several weeks. 
Conclusions: This case report suggests a possible development of choreatic dyskinesia as a result of therapeutic 
doses of memantine. 
This study was supported by grant projects from the Ministry of Health of the Czech Republic - AZV 15-31984A 
and AZV NV18-04-00346, by European Regional Development Fund - Project ENOCH (No. 
Z.02.1.01/0.0/0.0/16_019/0000868) and by Institutional Support MZ CR – RVO FNOL 2019 

1459 
Brain neurotransmitters and neuropeptides alternations in Parkinson’s induced mouse models 
N. Kumar, R. Khanna (Jaipur, India) 
Objective: Present study aimed to investigate the changes in brain neurotransmitters and neuropetides in 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) mouse models  of PD. 
Background: Parkinson’s disease (PD), a neurotransmitter imbalance occurs in the extrapyramidal system with a 
dopamine and GABA deficiency and an acetylcholine and glutamate surplus. Neurodegeneration in PD occurs due 
to multiple pathways including oxidative stress, mitochondrial damage, protein aggregation. Neurotransmitters play 
a vital role in the functioning of brain. 
Methods: 65 animals of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) mouse models for PD were 
studied.  Determination of brain, classical neurotransmitters (dopamine, norepinephrine, acetylcholine, serotonin, 
gamma-aminobutyric acid (GABA), glutamate), adenosine and neuropeptides (cholecystokinin, dynorphin, 
neurotensin, substance P) in was carried out using high performance liquid chromatography HPLC) (1100 series, 
Agilent Technologies Inc., Santa Clara, CA, USA) with fluorescence detection was utilized to quantify metabolite 
concentrations. Standards were also run after every fourth sample as controls. Concentrations were corrected for 
potential metabolite loss during extraction using α-ABA as an internal standard. 
Results: The mean values of brain norepinephrine, dopamine, glutamate, GABA and serotonin levels in MPTP rat 
models brain were significantly decreased compared to control group, which consequently, may changes motor and 
non-motor symptoms in PD mouse models. There was a significant alternations  in adenosine and neuropeptides 
values in treatment group compared to control. 
Conclusions: Brain neurotransmitters  and neuropeptides play a vital role in brain functioning and also have 
important function in PD status. It remains to be examined the clinical efficacy of such neurotransmitters and to 
investigate in-depth the neural networks suggested in the extrapyramidal system. 

1460 
Patient-centered approach to elicit and compare the treatment goals of patients with tardive dyskinesia, their 
care partners, and healthcare providers 
C. Kutz (Colorado Springs, CO, USA) 
Objective: To elicit and compare the treatment goals of patients with tardive dyskinesia (TD), their care partners, 
and healthcare providers (HCP). 
Background: Tardive dyskinesia (TD) is a repetitive, involuntary movement disorder caused by prolonged 
exposure to a medication that inhibits the dopamine receptor. Understanding what matters to patients is critical in 
medical decision making with TD. Treatment decisions can influence multiple aspects of a patient’s life beyond 
clinical symptoms which may include emotional state, social interactions, or professional life. Nominal group 
technique (NGT) interviews can identify, prioritize, and compare treatment goals of both patients, their care 
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partners, and healthcare providers to allow for improved communication and treatment satisfaction within each 
group. 
Methods: NGT was utilized to elicit and compare the treatment goals of 3 groups: patients with TD, TD care 
partners, and healthcare providers. Each group was asked to identify their goals for TD treatment which generated a 
treatment goal list for the entire group. Participants were then asked to silently identify and rank their 10 most 
important goals from their consolidated group list (1-most important treatment goal to 10-least important treatment 
goal). 
Results: 5 neurologists, 5 neurology PAs, and 3 psychiatry NPs, 7 TD patients, and 5 TD care partners were 
interviewed using nominal group technique. HCPs generated 82 treatment goals for their TD patients, TD patients 
generated 43 and TD care partners, 19 treatment goals. Each participant then ranked their top 10 treatment goals 
from the group-generated list. The data was sorted to determine the overall top 10 treatment goals for each group. 
Healthcare providers top treatment goal for their TD patients was “improve quality of life as able”, TD patients top 
goal was “for this to go away”, and TD care partners was “reduce symptoms without adding new side effects”. 
Conclusions: Differences between treatment goals generated by TD patients and HCPs were identified. Goals 
generated by patients typically involved improvement of day-to-day symptoms and functioning, whereas, HCPs 
goals were focused towards medication and disease management. Understanding these differences may lead to 
improved communication between TD patients and their healthcare providers which in turn may enhance treatment 
satisfaction. 
References: References: 1. Atlas, S.J., Agboola, F., Otuonye, I., Kumar, V., Segel, C., Chapman, R., Ollendorf, 
D.A., & Pearson, S.D. (2017) Vesicular Monoamine Transporter 2 Inhibitors for Tardive Dyskinesia: Effectiveness 
and Value. Institute for Clinical and Economic Review, October, 2, 2017. 2. Col, N.F., Solomon, A.J., Springmann, 
V., Garbin, C.P., Ionete, C., Pbert, L., Alvarez, E., Tierman, B., Hopson, A., Kutz, C., Berrios Morales, I., Griffin, 
C., Phillips, G., & Ngo, L.H. Whose Preferences Matter? A Patient-Centered Approach for Eliciting Treatment 
Goals. Medical Decision Making, 38(1), 44-55.doi:10.1177/02722989x17724434. 3. Niemann, N., & Jankovic, J. 
(2018). Treatment of Tardive Dyskinesia: A General Overview with Focus on the Vesicular Monoamine Transporter 
2 Inhibitors. Drugs. Doi:10.1007/s40265-018-0874-x. 

1461 
Regardless of impaired renal function, negative myoclonus can be induced by gabapetin and pregabalin 
D.Y. KWON, M.H. PARK (GyengGi-do, Republic of Korea) 
Objective: This study evaluated pregabalin- or gabapentin-induced negative myoclonus according to renal function. 
Background: Gabapentin and pregabalin are commonly used to control neuropathic pain and epilepsy. Myoclonus 
is a jerky, brief, and sudden interruption of voluntary muscle contraction, can be caused by anoxic brain injury, focal 
brain lesions, medications, metabolic etiology, and infection. Although gabapentin and pregabalin have been 
reported to induce positive myoclonus in some patients with impaired renal function, there are only a few studies 
describing pregabalin- or gabapentin-induced negative myoclonus. 
Methods: This study evaluated the patients with negative myoclonus who were referred to the department of 
neurology at a university-affiliated hospital and selected pregabalin- or gabapentin-induced negative myoclonus. 
Then reviewed the literature with respect to negative myoclonus. 
Results: There were patients with negative myoclonus with or without renal dysfunction in this study. Among them, 
the neuropathic pain patients (27.3%) who were prescribed and developed negative myoclonus induced by 
pregabalin (11.7%) or gabapentin (15.6%). The patients with impaired renal function were 14.3%, while the patients 
with normal renal function were 85.7%. There have been previous case reports of pregabalin- and gabapentin-
induced negative myoclonus. 
Conclusions: Pregabalin- and gabapentin-induced negative myoclonus can develop even in patients with normal 
renal function. Physicians should keep in mind the possibility of patients developing negative myoclonus under 
treatment of pregabalin or gabapentin even in short period of time and with low dosage, and in the normal range of 
renal function. 
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References: Healy DG, et al. Pregabalin- and gabapentin-associated myoclonus in a patient with chronic renal 
failure. Mov Disord 2009; 24: 2028-9. 

1462 
Drug-induced Negative Myoclonus: A Case Report 
L. Lerjefors, M. Mainardi, A. Antonini, M. Carecchio (Padova, Italy) 
Objective: To report on a case of drug-induced negative myoclonus in a patient with a complex oral therapy. 
Background: Myoclonus is a shock-like jerk due to brief bursts of muscular activity. Negative myoclonus is caused 
by a brief cessation of muscular activity. Iatrogenic myoclonus can be caused by several drugs, mainly opiates, 
antidepressants, antipsychotics and antibiotics. 
Methods: An 83-year-old female was admitted to the neurology ward after subacute onset of generalized 
involuntary jerks. The patient had abnormal cognition, trigeminal neuralgia and chronic tension-type headache, and 
was on several analgesic drugs. At clinical examination she was disoriented and aggressive and presented 
generalized negative myoclonus involving the limbs and trunk, making walking and standing impossible. There 
were no metabolic abnormalities on blood tests including liver function and plasma ammonium. An EEG/EMG 
study showed slowness of the background activity and confirmed the presence of negative myoclonus without EEG 
cortical correlates. Brain MRI was unremarkable. After the admission the patient had a focal epileptic motor seizure 
(head jerks, clenched jaw and loss of consciousness followed by drowsiness). CSF analysis was normal. 
Results: In absence of metabolic and cerebral structural abnormalities, a diagnosis of toxic iatrogenic 
encephalopathy with negative myoclonus was made. Tramadol and pregabalin were progressively tapered and 
Withdrawn. Ten days later no myoclonic jerks were detectable on examination and patient was discharged. 
Conclusions: Drug-induced movement disorders are frequent in clinical practice and can mimic several 
neurodegenerative disorders such as prion diseases, atypical parkinsonism, and paraneoplastic syndromes when 
presenting with subacute onset. Generalized negative myoclonus is rarely encountered as a side effect of pain killers 
and must be promptly diagnosed to avoid diagnostic delays. 
References: - Kojovic M, Cordivari C, Bhatia K. Myoclonic disorders: a practical approach for diagnosis and 
treatment. Ther Adv Neurol Disord. 4(1): 47-62, 2011. - Janssen S, Bloem BR, van de Warrenburg Bart P. The 
clinical heterogeneity of drug-induced myoclonus: an illustrated review. J Neurol. 264: 1559-1566, 2017. 

1463 
Quercetin administration abrogates the Parkinson’s disease (PD)-like motor and non-motor symptoms and 
attenuates the behavioral, neurochemical and biochemical deficits induced by rotenone toxicity in rats 
S. Madiha, S. Haider (Karachi, Pakistan) 
Objective: The present study was carried out to investigate the preventive and therapeutic effects of quercetin (a 
flavonol) against rotenone-induced neurotoxicity. 
Background: Rotenone (pesticide) induced animal model of PD has been used to investigate the pathogenesis of 
PD. Oxidative stress is one of the main contributor of neurodegeneration in PD. However, flavonoids have an ability 
to prevent mitochondrial complex I inhibition and modulate neuronal functions. Quercetin is a flavonol and its 
neuroprotective ability is associated with antioxidant nature. 
Methods: Rats were pre- and post-administered with quercetin (50 mg/kg, p.o.) for two weeks following rotenone 
(1.5 mg/kg, s.c.) administration for 8 days. After the treatment behavioral activities were monitored for motor 
activity, depression and cognitive changes. Rats were decapitated after behavioral analysis and brain was dissected 
out for neurochemical and biochemical estimation. 
Results: Results showed that pre- and post-supplementation of quercetin significantly (p<0.01) restored rotenone-
induced motor and non-motor deficits. Moreover, quercetin supplementation significantly enhanced antioxidant 
enzyme activities (p<0.01) and dopamine (DA) and 5-hydroxytryptamine (5-HT) levels (p<0.01) as compared to 
rotenone administered group. 
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Conclusions: Our findings showed that quercetin pre- and post-supplementation improves the neurotransmitter 
levels by inhibiting oxidative stress via increasing antioxidant enzyme activities and hence improves motor activity, 
cognitive functions and reverses depressive behavior. The results of the present study suggest that quercetin pre-
supplementation produced more significant results as compared to post-supplementation. These findings show that 
quercetin can be a potential therapeutic agent in order to reduce the risk and progression of PD. 
References: [1] N. Sriraksa, J. Wattanathorn, S. Muchimapura, S. Tiamkao, K. Brown, K. Chaisiwamongkol. 
Cognitive-enhancing effect of quercetin in a rat model of Parkinson's disease induced by 6-hydroxydopamine. Evid 
Based Complement Alternt Med. 2012 (2012). [2] L.G. Costa, J.M. Garrick, P.J. Roquè, C. Pellacani, Mechanisms 
of neuroprotection by quercetin: counteracting oxidative stress and more, Oxid Med Cell Longev. 2016 (2016). [3] 
S. Madiha, S. Tabassum, Z. Batool, L. Liaquat, S. Sadir, S. Shahzad, T. Perveen, S. Haider. Assessment of gait 
dynamics in rotenone-induced rat model of Parkinson’s disease by footprint method. Pak J Pharm Sci. 30 (2017) 
943–948. 

1464 
Long-Term Outcomes with Valbenazine 40 mg/day in Adults with Tardive Dyskinesia 
S. Marder, C. Comella, C. Singer, C. Chepke, J. Burke, K. Farahmand, S. Siegert (Los Angeles, CA, USA) 
Objective: To examine long-term outcomes in adults with tardive dyskinesia (TD) who received once-daily 
valbenazine (VBZ) 40 mg or had a dose reduction from 80 to 40 mg. 
Background: Although the 6-wk phase 3 pivotal study, KINECT 3 (K3), only required significance for VBZ 80 mg 
vs. placebo for the primary endpoint, a 40 mg dose was also assessed. VBZ 40 mg was also included in the K3 
extension study in which participants received up to 42 additional wks of VBZ prior to discontinuation (4 wks). 
VBZ 40 mg was separately assessed in the phase 3 KINECT 4 (K4) study, which included 48 wks of open-label 
treatment followed by discontinuation (4 wks). Completers from K3 extension or K4 were invited to participate in a 
rollover study (1506) for additional treatment (up to 72 wks or until commercial availability of VBZ). Few 
participants reached Wk60 (n=4) or Wk72 (n=0) in 1506 before termination. 
Methods: Analyses focused on VBZ 40 mg in two pooled populations: K3/K4 (participants who received VBZ 40 
mg throughout K3 or K4 or who had a dose reduction [80/40 mg] during K3 or K4); and K3/K4/1506 (participants 
who received VBZ 40 mg from beginning of K3 or K4 to last visit in 1506 or who had a dose reduction [80/40 mg] 
at any time). Outcomes for both populations included mean change from baseline (CFB) in AIMS total score (sum 
of items 1-7) and AIMS response (≥50% total score improvement from baseline) at Wk48 of K3 or K4. Outcomes 
for the K3/K4/1506 included a Clinical Global Impression of Severity-Tardive Dyskinesia (CGIS-TD) score of 
1 (“normal/not at all ill”) or 2 (“borderline ill”) at the last available visit of 1506. 
Results: AIMS CFB at Wk48 indicated mean TD improvements in K3/K4 (40 mg, -5.7 [n=54]; 80/40 mg, -6.2 
[n=13]) and K3/K4/1506 (40 mg, -9.5 [n=11]; 80/40 mg, -5.6 [n=14]). A majority in both populations had an AIMS 
response at Wk48: K3/K4 (40 mg, 53.7%; 80/40 mg, 53.8%); K3/K4/1506 (40 mg, 81.8%; 80/40 mg, 50.0%). For 
CGIS-TD in 1506, no one in the 40 mg group of K3/K4/1506 reached Wk48 (primarily due to VBZ availability). 
However, at Wks12 (n=11), 24 (n=6), and 36 (n=2), ≥50% of the 40 mg group had a CGIS-TD score ≤2. In the 
80/40 mg group at Wk48 of 1506 (n=4), 25.0% had a CGIS-TD score ≤2. 
Conclusions: Based on these analyses and results from published studies, VBZ 40 mg may be an effective long-
term option for some TD patients. Dose reductions from 80 to 40 mg, if necessary, did not appear to compromise 
long-term benefit. 

1465 
Steroid-responsive myoclonus in the context of pembrolizumab treatment: a novel neurological phenotype. 
M. Murphy, S. O'Dowd, M. Alexander (Dublin, Ireland) 
Objective: To outline a novel immunologically-mediated neurological adverse event associated with the use of a 
medication class which has an expanding range of applications [1]. 
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Background: Pembrolizumab is a humanized monoclonal antibody which blocks the programmed cell death 
protein-1 (PD-1) receptor and is used in a range of malignancies [1,2]. Pembrolizumab has been associated with a 
range of neurological adverse events and myoclonus is not a recognised adverse event [3,4]. 
A 77-year-old, right-handed, retired engineer presented with disabling involuntary movements which had progressed 
over days to involve both upper limbs and the muscles of facial expression, left more than right. He had no cognitive 
symptoms. His recent medical history was notable for having completed four cycles of pembrolizumab for 
metastatic prostate cancer. There was no family history of note and the patient had an excellent functional baseline. 
Methods: We observed sudden, brief muscle jerks involving the upper limbs and face bilaterally, which were 
involuntary, triggered by action, and consistent with a multifocal myoclonus. The rest of the neurological 
examination was normal. A rigorous metabolic, inflammatory and infective screen failed to identify a cause. An 
extensive panel of paraneoplastic antibodies was negative. Electroencephalogram showed no ictal correlate. MRI 
Brain with diffusion-weighted imaging was unremarkable. 
Results: We treated this patient symptomatically with oral clonazepam with minimal benefit. We then instituted 
intravenous methylprednisolone, followed by a slow oral prednisolone taper. The patient demonstrated an excellent 
clinical response to this treatment strategy. 
Conclusions: We report a case of a subacute movement disorder in a patient treated with pembrolizumab for 
metastatic prostate cancer, which proved to be highly steroid-responsive. This is a novel immunologically-mediated 
neurological adverse event associated with the use of a medication class which has an expanding range of 
applications. 
References: [1] McDermott, J. & Jimeno, A. Pembrolizumab: PD-1 inhibition as a therapeutic strategy in cancer. 
Drugs Today (Barc) 51, 7-20, doi:10.1358/dot.2015.51.1.2250387 (2015). [2] Longoria, T. C. & Tewari, K. S. 
Evaluation of the pharmacokinetics and metabolism of pembrolizumab in the treatment of melanoma. Expert 
opinion on drug metabolism & toxicology 12, 1247-1253, doi:10.1080/17425255.2016.1216976 (2016). [3] 
Cuzzubbo, S. et al. Neurological adverse events associated with immune checkpoint inhibitors: Review of the 
literature. Eur J Cancer 73, 1-8, doi:10.1016/j.ejca.2016.12.001 (2017). [4] Kao, J. C. et al. Neurological 
Complications Associated With Anti-Programmed Death 1 (PD-1) Antibodies. JAMA Neurol 74, 1216-1222, 
doi:10.1001/jamaneurol.2017.1912 (2017). 

1466 
Protective and therapeutic activity of Cinnamaldehyde in the mouse model of Parkinson’s disease 
S. Rajput, S. Sinha (New Delhi, India) 
Objective: Objective of our study was to evaluate protective and therapeutic activity of Cinnamaldehyde in the 
mouse model of Parkinson’s disease. 
Background: Parkinson’s disease (PD), an age-related disorder, is accompanied by the symptoms, tremor, 
bradykinesia, rigidity and instability. Cinnamaldehyde (CA) is a diterpene with a wide range of anti-inflammatory, 
cognitive enhancer, neuroprotective effects thus may be advantageous in the treatment of neurological disease. 
Methods: In present study  6-hydroxydopamine (6-OHDA) model of PD mice were used. The symptoms of PD 
such as tremors, akinesia, rigidity, catalepsy, and vacuous chewing movements (VCMs) were evaluated. The 
methanolic extract of  CA was administered orally at doses of 100 mg, 200 mg and 500 mg/kg body weight followed 
by stress. The combination of L-dopa and carbidopa was used as a standard drug. Behavioral studies such as 
locomotor activity and grip strength were determined, and memory test (Morris water maze) was evaluated in mice. 
Reactive oxygen species (ROS) generation was measured using dihydroethidium (DHE) staining. Antioxidants 
enzymes, neurolipofusicin, lipid peroxides and  inflammatory cytokines (TNF-a, IL-1β, and IL-6) were measured in 
hippocampus using corresponding commercial kits were analyzed in rat model of PD. 
Results: Animal exposed to stress showed significant decrease in antioxidant enzyme,   glutathione and total 
protein. This was accompanied by simultaneous increase in lipid peroxides and neurolipofusicin level. Treatment 
with CA had no significant but moderate effect on antioxidant enzyme. Pretreatment with CA (200 and 500 mg/kg) 
significantly reduced the intensity of muscular rigidity, duration of catalepsy, akinesia, the number of tremors, and 
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significantly increased locomotor activity and grip strength.  Treatment with CA significantly reduced inflammatory 
cytokines , ROS level,  lipid peroxides level and restored the defensive antioxidant enzymes in mice brain. 
Conclusions: CA may extract appreciably improve the neuroinflammatory processes and also restore biochemical 
and behavioral parameters with a potential therapeutic candidate for anti-aging studies. 

1467 
Clonazepam as a cure or a cause?: Withdrawal Emergent Syndrome 
S. Raju, K. Vyas (bangalore, India) 
Objective: To report a case of clonazepam induced withdrawal emergent dyskinesia. 
Background: Withdrawal emergent syndrome was first described in 1973 when it was noticed that children 
abruptly Withdrawn from chronic treatment with antipsychotic medication developed choreiform movements 
resembling Sydenham chorea. The condition, although often alarming, is self-limited and typically remits with 
discontinuation of the offending agent, usually within a few days. GABA is an important neurotransmitter in motor 
function, therefore an imbalance between GABA and dopamine could account for the incidences of TD in 
individuals who take anxiolytics. The benzodiazepine clonazepam is associated with TD when patients stop taking 
the medication acutely. Fast withdrawal from benzodiazepines can lead to withdrawal-emergent dyskinesia, a 
reversible form of TD, likely caused by the dopamine hypersensitivity. 
Methods: Case Report 
Results: 62 year old Mister X presents with a history of involuntary movement of tongue since1 month, subacute 
onset with frequent episodes of repetitive, stereotypical, to and fro movements of tongue associated with drooling of 
saliva, difficulty in swallowing and speech with occasional tongue bite. Drug history- clonazepam 0.5 mg since 2 
years. On examination- no kf ring, mmse 30/30, speech was dysarthric with tongue and oral dyskinesia. rest of the 
examination was normal. Investigation showed normal routine blood work up and serology. Peripheral smear for 
acanthocytes was normal. EEG, Echo was normal. MRI Brain was normal. 
Final Diagnosis -Withdrawal Emergent Syndrome due to Clonazepam. 
Conclusions: Withdrawal Emergent Syndrome is a under reported entity in world literature. Anxiolytics including 
benzodiazepines are known to cause TD, Clonazepam which is a commonly used and abused drug can cause 
withdrawal emergent syndrome as illustrated in our case report, which is first of its kind in literature. Diazepam 
induced withdrawal symptoms has been reported in ten cases previously in 1982 but none on clonazepam. This 
insight will be helpfull to movement disorder and general clinicians to treat this uncommon drug induced movement 
disorder. 

1468 
Drug-Induced Parkinsonism May Persist Beyond Two Years After Discontinuation of Dopamine 
Transmission Blocking Agents 
J. Randhawa, R. Mehanna (Houston, TX, USA) 
Objective: To demonstrate that patients with drug-induced parkinsonism (DIP) can remain symptomatic beyond 6 
months, what majority of literature suggests, after withdrawal of causative agents. 
Background: DIP in most literature sources is documented to persist for approximately 6 months after 
discontinuation of causative agent. In our observation, we followed two patients longitudinally for about two years 
after removal of causative agents with continual parkinsonian symptoms. 
Methods: We report 2 cases of DIP followed longitudinally, with normal ioflupane iodine-123 (DaT) single-photon 
emission computed tomography (SPECT) scans. 
Results: Our first patient developed acute onset rest and action tremors after beginning aripiprazole for depression. 
During our initial evaluation, he was diagnosed with DIP and switched to quetiapine, which has a lower risk of 
extrapyramidal symptoms, with marked improvement. Normal DaT scan was completed 16 months after switch of 
medications but with symptoms still present. Symptoms continued to improve but persisted at our last visit 27 
months since discontinuation of aripiprazole but on quetiapine. Our second patient reports developing symptoms of 

This article is protected by copyright. All rights reserved.



parkinsonism 3 months after beginning risperidone and valproic acid for bipolar disorder. About 57 months after 
symptom onset, patient discontinued all causative agents. DaT scan performed 8 months after discontinuation of all 
causative agents was normal despite continual parkinsonian symptoms. Our last visit, 22 months after 
discontinuation of all causative agents, revealed that the patient’s symptoms were improving but still present. 
Conclusions: Our cases demonstrate that symptoms of DIP can persist beyond the accepted 6 months since stopping 
the causative agents, and in our case beyond 22 and 27 months. Parkinsonism persisted at our last visit but improved 
during longitudinal follow-up, going against a progressive degenerative disorders such as Parkinson’s disease. DaT 
scans showing normal dopamine transporters at 8 and 16 months since discontinuation of causative agents persuade 
us that the patients did not evolve or concurrently suffer from neurodegenerative causes of parkinsonism. An 
updated consensus regarding timeline for when to pursue other etiologies of parkinsonism in patient’s diagnosed 
with DIP after discontinuation of causative agents is needed. 
References: Lim, T.T., et al. (2013). Is 6 Months of Neuroleptic Withdrawal Sufficient to Distinguish Drug-Induced 
Parkinsonism From Parkinson’s Disease? International Journal of Neurosciences, 123(3), 170-174. 

1469 
Moving ear syndrome secondary to bromopride and response to botulinum toxin 
F. SEKEFF-SALLEM, J. PEDROSO, O. BARSOTTINI (SAO PAULO, Brazil) 
Objective: Report a case of a rare drug-induced movement disorder, the moving ear syndrome, describe its 
phenomenology and its treatment with botulinum toxin 
Background: Since its description by Caviness et al in 1994, the moving ear syndrome has been rarely reported. It 
consists of a focal dyskynesia of the cranial and pinna muscles, affecting either one or both sides, and some bilateral 
cases may be asymmetrical. Some patients developed this syndrome without any previous comorbidity, and some 
were on neuroleptics or other drugs before the syndrome started. The movement may be rhythmic or semirhythmic 
of the posterior and superior ear muscles. Imaging tests may be negative, and the response to medications, such as 
clonazepam, may warrant a test. However, botulinum toxin, due to this movement disorder resemblance to a 
dystonic syndrome, may be of greater benefit. 
Methods: We describe a 63-year-old woman who was started on bromopride for a gastrointestinal disorder, 
developing soon after moving ear syndrome associated with cranial vault musculature and corrugator muscles 
dyskinesia. The rest of her neurologic examination was otherwise unremarkable. There was no cognitive problems.  
The movements consisted of bilateral and concomitant, irregular, semirhythmic movements of the ear, with 
elevation and retraction, without pain, associated with retraction of the whole scalp muscles and corrugator muscles 
bilaterally. There was no palatal or limb tremor. There was no abnormal movement of any other part of her body 
(video available) 
Results: The patient was admitted and investigated for brainstem lesions and brain inflammatory diseases, and 
blood tests, cerebrospinal fluid analysis and brain magnetic resonance imaging were normal. 
Conclusions: The patient was treated with 200 hundred mouse units of onabotulinum toxin, on several points of the 
scalp, corrugators and superior and posterior ear muscles bilaterally, totaling about 50 injection sites. The pinna 
muscles were injected about 20 ui each (total 80 ui). The patient responded very well, with complete resolution of 
the abnormal movements in the ears and scalp/corrugators 2 weeks after the injections. 
References: Chaudhuri KR et al. The moving ear syndrome: a focal dyskinesia. Journal of Neurology, 
Neurosurgery, and Psychiatry 1 996;60: 106-110. Caviness JN et a;. Unusual focal dyskinesias. The ears, the 
shoulders, the back and the abdomen. Mov Disord 1994; 5:531-38. Godeiro-Junior C et al. Moving ear syndrome: 
the role of botulinum toxin. Mov Disord. 2008 Jan;23(1):122-4. 

1470 
An unusual cause of rhabdomyolysis in the patients with Parkinson’s disease: A report of two cases 
J. Srikajon, P. Srivanitchapoom, Y. Pitakpatapee, T. Sangpeamsook, C. Satukijchai, A. Suengtaworn (Bangkok, 
Thailand) 
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Objective: To describe unusual cause of rhabdomyolysis in the two patients with Parkinson’s disease (PD). 
Background: Levodopa-induced dyskinesia (LID) is usually seen in advanced stage of PD patients. 
Rhabdomyolysis associated with LID is rare but can be fatal. 
Methods: Case report and literature review 
Results: Case 1: A 64-year-old man who was diagnosed PD for 7 years has had diphasic dyskinesia and motor 
fluctuation for two years. The patient took levodopa/benzeraside (LB) 750 mg/day, entacapone 500 mg/day, and 
piribedil 150 mg/day. Two days before admission, the patient increased the frequency of taking LB then developed 
severely generalized dyskinesia without fever. On admission, serum creatinine (Cr), potassium (K+), and aspartate 
aminotransferase slightly increased. Creatinine kinase (CPK) markedly elevated (4,246 U/L). Rhabdomyolysis 
associated with LID was diagnosed. The patient was hydrated. Diazepam 10 mg was given intravenously, and all 
antiparkinsonian medications were stopped. A few days later, dyskinesia gradually improved, and CPK returned to 
normal within five days. The patient was performed deep brain stimulation surgery which allowed him to reduce 
antiparkinsonian medications. The patient has never had severe dyskinesia since then. 
Case 2: A 61-year-old female who was diagnosed PD for 10 years has had motor complications for 6 years. Her 
currently took LB 800 mg/day, entacapone 800 mg/day, Madopar HBS 125 mg/day, and ropinirole 4 mg/day. 
Ropinirole was adjusted from 2 to 4 mg within the past month. Four days before admission, the patient experienced 
moderate dyskinesia which disturbed her activities of daily living. On admission, severely generalized dyskinesia 
which markedly presented on lower extremities without fever was observed. Cr and K+ slightly increased. CPK was 
markedly high (12,094 U/L). Rhabdomyolysis associated with LID was diagnosed. All anti-parkinsonian 
medications were stopped, and clonazepam 0.5 mg daily was given. A few days later, her symptoms were 
significantly improved and CPK decreased to normal within a week. On discharge, LB was decreased to 500 mg/day 
without resuming other medications. 
Conclusions: Rhabdomyolysis associated with LID is a rare life-threatening condition. Excessive dopaminergic 
administration was a major cause [table1]. Prompt recognition and treatment are recommended for favorable 
outcome. 
References: 1. Zutt R, van der Kooi AJ, Linthorst GE, Wanders RJA, de Visser M. Rhabdomyolysis: review of the 
literature. Neuromuscul Disord. 2014;24:651-9. 2. Thanvi B, Lo N, Robinson T. Levodopa-induced dyskinesia in 
Parkinson’s disease: clinical features, pathogenesis, prevention and treatment. Postgrad Med J. 2007;83:384–8. 3. 
Gil-Navarro S, Grandas F. Dyskinesia–hyperpyrexia syndrome: another Parkinson’s disease emergency. Mov 
Disord.2010;25:2691-2. 4. Lyoo CH, Lee MS. Rhabdomyolysis induced by severe levodopa induced dyskinesia in a 
patient with Parkinson’s disease. J Neurol 2011;258:1893–4. 5. Bektas H, Deniz O, Temel S, Keklikoglu HD, Akyol 
S. Rhabdomyolysis related to dyskinesia in Parkinson’s disease. J Mov Disord. 2014;7:25-7. 6. Acebron Sanchez-
Herrera F, Garcia-Barragan N, Estevez-Fraga C, Martinez-Castrillo JC, Lopez-Sendon Moreno JL. Dyskinesia-
hyperpyrexia syndrome under continuous dopaminergic stimulation. Parkinsonism Relat Disord. 2017;36:103-4. 7. 
Factor SA, Molho ES. Emergency department presentations of patients with Parkinson's disease. Am J Emerg Med. 
2000;18:209-15. 8. Herreros-Rodriguez J, Sánchez-Ferro Á. Summertime dyskinesia-hyperpyrexia syndrome: the 
“dual heat” hypothesis. Clin Neuropharmacol 2016;39:210-211. 9. Baek MS, Lee HW, Lyoo CH. A patient with 
recurrent dyskinesia and hyperpyrexia syndrome. J Mov Disord. 2017; 10(3):154-157. 
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1471 
Neurological complications secondary to metronidazole: Case Report 
M. TERAN, P. SALLES (SANTIAGO, Chile) 
Objective: Present and discuss a case report showing neurotoxicity peripheral and central nervous system–
associated with metronidazole use. 
Background: Due to the extensive clinical use of metronidazole and the limited recognition of its complications. It 
is essential to report this case. 
Methods: Case Report 
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Results: A 79-years-old female presented with a 3 months history of vertigo, slurring of speech and unsteady gait. 
There was no history of diabetes mellitus or alcohol consumption. She had been taking oral metronidazole 500 mg 3 
times a day and ciprofloxacin 500 mg twice a day for a fistulized right psoas abscess and infectious aortitis since 1 
month before symptoms. She presented confusion, progressive painful paresthesias involving lower limbs and 
severe impairment gait of 3 weeks' duration. On admission, the estimated cumulative metronidazole dose was about 
180 g. She was unable to stand or walk. She was disoriented. She had staccato speech. Deep tendon reflexes: ankle 
were absent with plantar flexor response. She had loss of pinprick sensation below the knees. She 
presented dysmetria and dysdiadochokinesia and severe trunk and gait ataxia. 
MRI brain on T2 and FLAIR images showed bilateral symmetrical hyperintensities involving the dentate nucleus of 
the cerebellum and dorsal pons.(Fig 1) 
Based on these findings, metronidazole toxicity was suspected, and the drug was discontinued. She experienced a 
marked improvement evident during the first week. Her orientation, speech and gait returned to normal but a limb 
burning sensation was not completely relieved. 
A MRI brain realized 6 weeks after showed near-complete resolution of lesions within the dentate nuclei and dorsal 
pons.(Fig 2). 
A MRI brain taken 3 month after showed complete resolution of the cerebellar dentate lesions (Fig 3). Peripheral 
neuropathy persisted, even 6 months after discharge. 
In our case, the diagnosis was made clinically, ruling out other clinical and radiological differentials diagnosis and 
was supported by the MRI findings. 
Conclusions: Recognition of metronidazole-induced neurotoxicity depends upon high clinical suspicion, it must be 
considered whenever a patient using metronidazole experiences a subacute cerebellar syndrome, encephalopathy or 
polyneuropathy and specific MRI abnormalities of bilateral increased T2/FLAIR signal of the dentate nuclei. The 
most remarkable feature is complete or near-complete resolution of symptoms and of the original lesions on follow-
up MRIs. 
References: 1. Yazdani Rana M., Kayfan BS, Samar. MRI findings of metronidazole neurotoxicity in a pediatric 
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1472 
Re-emerging Neuroleptic Malignant Syndrome (NMS) without Re-introduced Neuroleptic in a Schizophrenia 
Patient: a Case Report 
D. Tunjungsari, A. Tiksnadi (Jakarta, Indonesia) 
Objective: To report a case with re-emerging neuroleptic malignant syndrome (NMS) without re-introduced 
neuroleptic drugs. 
Background: Neuroleptic Malignant Syndrome (NMS) is a potentially fatal idiosyncratic reaction, mostly 
associated with neuroleptics drugs. A complete resolution is usually reached within 1-week. Approximately 30% of 
NMS cases had recurrent episodes when the neuroleptic being re-introduced. The recurrence without any re-
introducing drugs has never been reported. 
Methods: A 51-year-old male paranoid schizophrenia patient was admitted to the emergency department due to 
lower limb tremor, repetitive blinking and rigidity 3 days before admission. On admission, he looked disoriented 
with elevated blood pressure 170/100 mmHg and heart rate 120x/min. Serum creatinine phosphokinase (CPK) was 
796.5 U/L. Six months ago, he started to receive monthly haloperidol decanoate injection 50 mg as additional to 
risperidone 2 mg bid and trihexyphenidyl 2 mg bid. The patient was diagnosed with NMS and treated with 
bromocriptine. He had to be discharged 1 month later due to symptoms fluctuations. Three weeks later, he was re-
admitted with same symptoms acompanied by 38°C, blood pressure 190/95 mmHg, heart rate 140x/min and rigidity. 
The serum CPK was 2.703 U/L and leukocyte 12.140/Ul. 
Results: This patient was diagnosed with NMS due to the previous history of high dose neuroleptic injections with 
rigidity, altered mental status, autonomic dysfunction, along with elevated CPK. There was a dramatic improvement 
after bromocriptine therapy, but he had several episodes of exacerbation that need up-titration dose. Since 
discharged, he discontinued bromocriptine and the symptoms re-emerged 3 weeks later even without any re-
introduced of neuroleptic agents. We proposed that the long-acting properties of haloperidol decanoate injection, 
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which uses sesame oil vehicle to ensure the slow and sustained release of active components, was responsible for the 
re-emerging symptoms, due to unknown metabolism errors. 
Conclusions: This case report shows that re-emerging NMS without any re-introduced neuroleptic drugs may be 
possible due to long-acting properties of neuroleptics injection. It is important for clinicians to be aware that the 
long-acting typical neuroleptic injection could cause prolonged effect to have an early identification and intervention 
References: 1. Blanco LG, Prada HG, Santamarina S, Trevino LJ, Bobes J. Recurrence of neuroleptic malignant 
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neuroleptic malignant syndrome. Shanghai Archives of Psychiatry 2013;25(4). 7. Neuroleptic Malignant Syndrome. 
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1473 
High dose amantadine therapy may cause increased falling in Parkinson’s patients 
L. Verhagen Metman (Chicago, IL, USA) 
Objective: To report a possible association between high dose amantadine and increased falling in patients with 
Parkinson’s disease (PD). 
Background: Amantadine is used in PD as an antiparkinson and antidyskinetic agent. Amantadine toxicity is 
associated with psychiatric symptoms, but myoclonus may occur as well. No association between amantadine 
toxicity and increased fall risk has been reported. 
Methods: Case report, medical chart review, literature review. 
Results: The patient is a 55 year old man with a 13 year history of tremor predominant PD. Because of LD 
intolerance he received DBS 5 yrs after disease onset with 300 mg amantadine/day for many years and 400 mg/day 
for the last 2 years. He tolerated this without any psychiatric symptoms. He was doing well except for multiple 
falls/day for the last 5 years. He then presented with acute onset of confusion, hallucinations and paranoid delusions. 
On initial exam he followed simple commands but then became non-communicative. Generalized myoclonus was 
present. He had a normal CBC, diff, and UA. His BUN/Creat was 40/1.96. Amantadine was discontinued while a 
work-up was initiated to rule other potential causes. After 3 days he started speaking again, but nonsensically and 
expressing delusional thoughts. Agitation required 4-point restraints and lorazepam. After 1 week the myoclonus 
resolved but confusion and paranoid ideation continued. Speech consisted of actual words strung together in 
incoherent fashion, and insight, judgement, memory remained impaired. UN/Creat normalized. After 2 weeks he 
answered and asked appropriate questions, but some confusion, hallucinations and nonsensical statements persisted. 
He then rapidly returned to baseline and was discharged on Day 17. In follow-up he reported his walking was better 
than it had been in years. He no longer needed a cane or hold onto walls. At last follow-up 2 years after discharge he 
still had not fallen. 
Conclusions: This patient went from falling several times/day to not falling at all. The falling started years before 
the psychosis that prompted cessation of amantadine. No other medications were changed to explain the 
improvement in balance. We propose that dysbalance can be an early sign of amantadine toxicity. 
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Chlorogenic acid and Trianthema portulacastrum combinational therapy mitigates rotenone induced 
Parkinsonism in wistar rats 
E. Yadav (Prayagraj, India) 
Objective: The present study was aimed to explore the synergistic neuroprotective effect of combination of natural 
phenolic compound, i. e., chlorogenic acid, and butanol extract of Trianthema portulacastrum (CA+ BuTP) against 
rotenone induced Parkinson’s disease (PD) rat model via behavioral, oxidative stress, neurotransmitter and 
mitochondrial hypofunction estimation. 
Background: Chlorogenic acid has potential neuroprotective effect against 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine mouse model of Parkinson’s disease (PD) by correcting the tyrosine hydroxylase -positive 
dopaminergic neurons in the substantia nigra pars compacta and striatal neurotransmitters level along with 
locomotor activity. Traditionally, Trianthema portulacastrum (TP) leaves utilized to improve wandering of mind. 
Previous reports exhibited that TP has antioxidant, hepatoprotective and anti-Alzheimer activity. 
Methods: Animals were randomly divided into five groups, i. e., Group I and II were treated with saline and 
rotenone (1 mg/kg, i.p.), respectively, whereas Group III- V were administered with (CA+ BuTP) combination at 
three different dose levels 100, 200 and 400 mg/kg, p.o. as well as injected with 1 mg/kg, i.p. rotenone for 21 days 
consecutively. A significant cognition and locomotor deficit was observed in rotenone group as compared to control 
group. Furthermore, enzymatic antioxidant status including superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxide level (GPx) as well as acetylcholinesterase (AChE) and dopamine levels were also reduced. 
Decrease in Complex-II (succinate dehydrogenase) and Complex-III (3- (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) enzymatic activity within rotenone treated rats brain signified the mitochondrial 
hypofunction. 
Results: CA+BuTP preadministration significantly attenuates (p< 0.05) damaging effects dose-dependently as 
compared to rotenone-treated group. 
Conclusions: CA+BuTP combination approach showed synergistic and neuroprotective propensity against rotenone 
induced Parkinsonism in rat model. Therefore, it may be utilized as a potential therapeutic approach for management 
of PD. 

1475 
Smartphone-based gait assessment of psychiatric patients on neuroleptics 
G. Yahalom, S. Hassin-Baer, T. Fay-Karmon, V. Livneh, S. Israeli-Korn, Y. Rubel, K. Tchelet, Z. Yekutieli, M. 
Linder, H. Yahalom (Ramat-Gan, Israel) 
Objective: To characterize gait performance recorded from psychiatric patients on neuroleptics (PPN) and to 
compare it to Parkinson’s disease (PD) patients and healthy controls (HC). 
Background: Neuroleptic-induced parkinsonism is a syndrome which is closely related to PD presenting a 
continuum of parkinsonian signs of diverse severity. PPN should be monitored for worsening of symptoms and 
transition to overt parkinsonism. Quantitative monitoring of gait may serve such a purpose. 
Methods: Consecutive hospitalized PPN were recruited, examine and rated according to the part III (motor 
examination) of the MDS-UPDRS to assess presence of parkinsonian signs.  All subjects performed a 10-meter 
'timed up and go' test while a smartphone-based motion capture system is attached to their sternum. Gait parameters 
and motor UPDRS scores were compared to those obtained from consecutive idiopathic PD patients attending a 
movement disorders clinic and healthy controls (HC). 
Results: Thirty-two PPN (19 males, age 43.1 ± 11.3 years), 11 PD patients (7 males, Age 50.6 ± 7.0 years, disease 
duration 7.5 ± 2.8 years) and 18 HC (7 males, age 46.7 ± 8.9 years) were enrolled to the study. Evidently, the motor 
UPDRS was higher in the PD group than in the PPN (28.4 ± 5.9 vs. 17.2 ± 9.0 years, respectively; p=0.007). PPN 
showed significantly longer total TUG time (p=0.001), walking straight forward (p=0.002) and rotation (p<0.001) 
times than the HC but shorter times than PD (p=0.03, p=0.03 and p<0.001 respectively). PPN showed significantly 
longer sitting-down time (p=0.001), lower step count (p=0.002) and a longer step length (p<0.001) than HC and 
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higher step-to-step correlation (p=0.04) than PD. 
In the PPN group, females walked straight-forward significantly slower (p=0.006), had a longer total TUG time 
(p=0.006), had a lower step-to-step correlation in AP direction (p=0.03), a shorter step length (p<0.001) and a higher 
step count (p=0.001) than males. There were no gender-related differences in gait parameters in the PD group. 
Conclusions: Gait performance of PPN is significantly worse than HC but is better than PD patients in most 
parameters. Females showed lower performance in PPN. 

1476 
Waiting and waiting on Dopamine transporter imaging in drug induced parkinsonism 
J.Y. Yun, C.Y. Lee, M.Y. Chun, B. Jeon (Seoul, Republic of Korea) 
Objective: We discontinued offending medications in DIP or unmasked parkinsonism patients and delayed taking 
DAT images for one month. 
Background: Drug induced parkinsonism (DIP) may develop in individuals treated with dopamine receptor 
blocking agents. Dopamine transporter (DAT) images are considered a tool to distinguish pure DIP and unmasked 
Parkinson’s disease (PD) and tended to apply early in distinguishing DIP from parkinsonism. However, DIP 
symptoms usually recover in up to 70% of patients within a few months after medication withdrawal. 
Methods: We enrolled parkinsonism patients who were taking offending medication in their first outpatient clinics 
and we withdrew their offending medications. We examined their Unified Parkinson Disease Rating Scale (UPDRS) 
in their first visit, 1-month follow-up visits and 6-month follow-up visits. We performed DAT images only patients 
with parkinsonism in the one-month follow-up visit. We tried to examine the value of DAT images in differentiation 
between DIP and unmasked PD. 
Results: Totally 135 parkinsonism patients were taking offending medications. In the 1-month, 85 patients were 
followed and 68 patients were finished all visits (M:F = 16:52, Age = 72.5 ± 8.6, baseline UPDRS 29.1 ± 14.1). 
Parkinsonism was showed in 61 of 85 (72%) patients in the one-month visits and 21 of 68 (31%) in the 6-month 
visits, respectively. In the 1-month visits, 50 of 61 patients who had parkinsonism agreed to taking DAT images, and 
36 of 50 (70%) showed normal findings and 14 patients (30%) showed decreased uptake. 12 of 14 patients who had 
decreased DAT uptake were followed-up in the six-month visits and all of them showed parkinsonism (UPDRS 17.8 
± 10.1). Among 54 patients who had normal DAT findings, 4 patients still had parkinsonism: diffuse white matter 
changes in one patient, and still taking levosulpride in one patient. Although two patients had normal DAT images, 
however they still showed parkinsonism in the 6-month visits and response to levodopa. 
Conclusions: Our findings suggest that we need to delay taking DAT images in DIP patients. With clinical 
observation after medication withdrawal, we can reduce unnecessary test in patients. 

Education / History in Movement Disorders 

1477 
Assessment of a Movement Disorders Video Curriculum for Neurology Clerkships 
S. Bette, D. Shpiner, J. Margolesky, C. Luca, H. Moore, C. Singer, Y. Reyes-Iglesias (Miami, FL, USA) 
Objective: To assess the accessibility of, quality of, appropriateness for training level of, and knowledge gained 
from newly developed movement disorders didactic videos in a neurology clerkship. 
Background: The movement disorders subspecialty of neurology relies heavily on careful visual observation of the 
abnormal movements (phenomenology), but medical students have little exposure to movement disorders during 
training. A prior study revealed a gap in available videos of phenomenology as a learning tool for medical students. 
Methods: We developed didactic videos of movement disorders with a standardized format. Students enrolled in the 
required neurology clerkship completed a 4-question pre-viewing assessment, viewed 5 videos, completed a 4-
question post-viewing assessment and a 10-question user survey. 
Results: 41 participants completed the assessment, with a mean pre-viewing score of 74% and improvement to 98% 
on the post-viewing assessment. 37 participants completed the survey, with 92% agreeing or strongly agreeing that 
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the videos were easy to access and 100% that the videos played correctly, had clearly written didactic information, 
were an appropriate length, were at an appropriate training level, and helped them better understand the neurological 
condition presented. 84% agreed or strongly agreed that they would continue to use the videos as a learning tool and 
86% that they would recommend the videos to their peers. 
Conclusions: The results show that the didactic videos are an effective educational tool at an appropriate level to 
teach about neurological conditions that students have little clinical exposure to and that the students will continue to 
use the videos and recommend them to peers. This suggests that inclusion of the video curriculum into the neurology 
clerkship curriculum will enhance understanding of both common and uncommon neurological disorders. 
References: 1. Betté S, Margolesky J, Luca C, et al. Movement disorders video curriculum for neurology clerkships 
and residency programs. Neurology 2018;90:P2.006. 

1478 
Training and Usage of Botulinum Neurotoxin-A Guided Injection in Cervical Dystonia & Spastic Paresis: 
results from the INPUT survey 
R. Bhidayasiri, K. Bhatia, L.J. Jacinto, T.M. Chung, A. Fulford-Smith, C. Colosimo (Bangkok, Thailand) 
Objective: To describe the current situation of training and practices among physicians using guidance techniques 
for botulinum neurotoxin-A (BoNT-A) injectionsin the treatment of Cervical Dystonia (CD) and Spastic Paresis 
(SP). 
Background: BoNT-A is commonly used as the first line treatment for CD and SP. However, there are no specific 
recommendations regarding injection techniques in either disorder. 
Methods: A self-completion, anonymous questionnaire on experience, training and confidence in different BoNT-A 
injection techniques was designed by a multidisciplinary Steering Committee and sent by email to 518 physicians 
managing patients with SP and/or CD who attended an Ixcellence Network® training session from 2012 to 2018. 
Results: Between June 1st and November 1st 2018, the questionnaire was completed by 112 physicians specialized 
in physical medicine and rehabilitation (49%), neurology (43%) and neuropaediatrics or orthopaedics (8%), with an 
average experience of 16.5 years in their field and 11 years in BoNT-A injection. Among respondents, 68% reported 
treating adult patients with SP and 48% adult patients with CD. 
When performing BoNT-A injection, guidance techniques such as ultrasound (US), electrostimulation (ES) and 
electromyography (EMG) were systematically or regularly used by, respectively, 72%, 48% and 34% of physicians 
treating SP, and 61%, 31% and 42% of physicians treating CD. 
Respondents had received dedicated training on BoNT-A injection guidance techniques: 82% of physicians treating 
SP were trained on US (76%), ES (55%) or EMG (41%); in physicians treating CD, 79% had received training on 
US (78%), ES (39%) and EMG (54%). 
Respondents reported a change in their practice over the past 5 years, regardless of whether they treated SP or CD: 
87% of physicians treating SP and 82% of physicians treating CD reported using more US for BoNT-A injection 
while the use of EMG or ES remained the same or decreased [Table 1]. 
Conclusions: In this population, although all three guidance techniques are utilized (US, ES, and EMG), US is the 
most used when performing BoNT-A injection. The INPUT survey results highlight the growing use of US in recent 
years. However, this does not prevent the physicians surveyed from continuing to use EMG or ES. Interestingly, the 
results were similar among respondents treating patients with CD or SP. 
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Ixcellence Network®, an International Innovative Educational Programme To Improve Cervical Dystonia 
And Spastic Paresis Management: Feedback survey from 839 attendees 
C. Colosimo, T.M. Chung, L.J. Jacinto, K. Bhatia, A. Fulford-Smith, R. Bhidayasiri (Roma, Italy) 
Objective: To assess the Ixcellence Network® training programme educative quality and impact on physicians 
using botulinum neurotoxin-A (BoNT-A) in cervical dystonia (CD) and spastic paresis (SP). 
Background: BoNT-A is a well-established treatment for CD and SP. However, proper administration requires 
specific training. The Ixcellence Network® is a high-level international educational programme developed for 
physicians performing BoNT-A injection in patients with CD and SP. 
Methods: A Steering Committee composed of 6 experts in the management of CD and SP designed a network of 10 
training centres and the contents of the programme to encourage innovative methods and approaches to patients’ 
management, including diagnosis, tailored treatment and rehabilitation. 
The programme quality and impact were assessed through attendees’ feedback collected at the end of each course 
(T0) and six months later by email (T6). 
Results: From launch in September 2012 to December 2018, 839 physicians participated in training sessions 
dedicated to adult SP (49%), paediatric SP (22%) and CD (29%). Feedback was collected from, respectively, 727 
and 266 physicians at T0 and T6. 
Overall, attendees were highly satisfied. At T0, 77% of respondents reported an excellent general level of 
satisfaction and 97% stated that they would recommend the programme to a colleague. They reported that the 
training achieved their personal objectives (96%) and that the information provided during the course will change 
their practice (89%). This result was confirmed in the long-term feedback, with 92% of respondents reporting that 
the training had changed their daily practice and helped improve their self-confidence. Of the 191 respondents who 
attended courses between January 2015 and December 2017, 89% reported having shared some of the information 
learned during the training with their colleagues (51% through daily practice, 21% by sharing documents, 11% by 
organizing a meeting, 6% by another way). Moreover, out of the 55 physicians who attended courses in 2017, 82% 
would consider training their colleagues. 
Conclusions: Since launch in 2012, the Ixcellence Network® programme provided more than 800 physicians with 
an interactive way to further develop their specialised skills and with the expertise to train their peers at a local level. 

This article is protected by copyright. All rights reserved.



1480 

Withdrawn 

1481 
The legacy of Charles David Marsden: A role model in the field of movement disorders 
G. Froehner, L. Zubko, M. Pedro Franco, A. Meira, F. Germinani, H. Teive (Curitiba, Brazil) 
Objective: The report provides material about David Marsden's life and achievements in Neurology and specially in 
Movement Disorders field. 
Background: Marsden obtained his Master’s degree (MSc) in 1960 with a thesis regarding the pigmentation of the 
substantia nigra, in 1963 qualified his Bachelor of Medicine degree (MBBS) and achieved his membership of Royal 
College of Physicians of the UK (MRCP) in 1965. In 1970, he was appointed senior lecturer in neurology at the 
Institute of Psychiatry and consultant neurologist to the Maudsley and King’s College Hospital. During a flight, 
David and Andrew Lees agreed to solve the scarcity of brain tissue for Parkinson’s disease research and created the 
Parkinson’s Disease Society Brain Bank of the United Kingdom.  
David Marsden’s research profile was extraordinary with 1368 publications. He coauthored more than 800 original 
papers, 200 books chapters and books, and over 60 invited reviews. He was the most frequently cited clinical 
neuroscientist and among the 10 most cited biomedical scientists in the world. 
Methods: The authors review David Marsden's personal and profissional history, highlighting his contribution to 
the foundation of the Movement Disorders Society, as well as his discoveries in the movement disorders field, 
remembering the 20th anniversary of his death in 2018. 
Results: In 1970, he was appointed senior lecturer in neurology at the Institute of Psychiatry and consultant 
neurologist to the Maudsley and King’s College Hospital. In addition, in 1972, at the surprising age of 34, he was 
the first appointee to the newly created Joint Chair of Clinical Neurology at King’s College Hospital Medical School 
and the Institute of Psychiatry. Afterwards, Marsden and David Parkes established a clinic for rare and puzzling 
movement disorders, a habit that would persist throughout Marsden’s career. 
Probably, Marsden’s most important collaboration was with Stanley Fahn, Houston Merritt Professor of Neurology 
at the Neurological Institute in Columbia Presbyterian Hospital in New York: the foundation of the Movement 
Disorders Society in 1985. 
Conclusions: Charles David Marsden was a unique neurologist of the 20thcentury and left us with remarkable 
legacies such as extraordinary papers and world-renowned leaders in the field of movement disorders. Meanwhile it 
has passed 20 years, his contributions remain important for those who are involved in the MD field. 
References: 1. Quinn, N., Rothwell, J. & Jenner, P. Charles David Marsden. 15 April 1938 -- 29 September 1998. 
Biogr. Mem. Fellows R. Soc.58, 203–228 (2012). 2. Quinn, N. David Marsden 1938-1998. Adv. Clin. Neurosci. 
Rehabil.10, 20–22 (2010). 3. Lees, A. J. In Memoriam C. David Marsden. Mov. Disord.14, 3–5 (199AD). 4. Fahn, 
S. Obituary Professor C. David Marsden. Arch. Neurol.56, 119–120 (1999). 5. Lang, A. E. In Memoriam: Professor 
Charles David Marsden. Neurology52, 14–15 (1999). 6. BROOKS, D. J. Professor C David Marsden 1938-98. J. 
Neurol. Neurosurg. Psychiatry66, 2–2 (1999). 7. Simpson, B. A. Professor charles david marsden (1938-98): an 
appreciation. Neuromodulation2, 149 (1999). 8. Rothwell, J. C., Traub, M. M. & Marsden, C. D. Primary writing 
tremor. J. Neurol. Neurosurg. Psychiatry42, 1106–1114 (1979). 9. Sheehy, M. P. & Marsden, C. D. Writers ’ Cramp 
— a Focal Dystonia. Brain105, 461–480 (1982). 10. Dressler, D., Thompson, P. D., Gledhill, R. F. & Marsden, C. 
D. The syndrome of painful legs and moving toes - A case report. Mov. Disord.9, 13–21 (1994). 11. Atchison, P. R., 
Thompson, P. D., Frackowiak, R. S. J. & Marsden, C. D. The syndrome of gait ignition failure: A report of six 
cases. Mov. Disord.8, 285–292 (1993). 12. Marsden, C. D. & Parkes, J. D. ‘On-Off’ Effects in Patients With 
Parkinson’S Disease on Chronic Levodopa Therapy. Lancet307, 292–296 (1976). 13. Hallett, M., Chadwick, D., 
Adam, J. & Marsden, C. D. Reticular reflex myoclonus: a physiological typ of human post-hypoxic myoclonus. J. 
Neurol. Neurosurg. Psychiatry40, 253–264 (1977). 14. Fletcher, N. A. Review article The genetics of idiopathic 
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Geste antagoniste in Catalan art - Santiago Rusiñol's Laughing Girl 
F. Germiniani, P. Marques, L. Pinheiro, G. Franklin, G. Ribas, H. Teive (Curitiba, Brazil) 
Objective: Our aim is to analyze how the Catalan picture Laughing Girl (La Risueña) could be a depiction of geste 
antagoniste. 
Background: Santiago Rusiñol was a prolific Catalan painter and writer, a contemporary of Gaudi, who would 
suffer from morphine addiction later in his life. Among his many portraits of his wife and muse, Luisa Denis, 
Laughing Girl (La Risueña) depicts a woman holding her chin while smiling at the viewer. 
Methods: We make a brief historical review of Santiago Rusiñol's life and work and also analyze the features of the 
portrait Laughing Girl and whether this could be a depiction of geste antagoniste. 
Results: Laughing Girl (La Risueña) is a portrait painting by Catalan artist Santiago Rusiñol of his muse and wife, 
Lluisa Denis. In the painting, a young woman is depicted with her left arm awkwardly resting upon a mantlepiece, 
while at the same time she's holding her chin with her right arm positioned straight in the air and smiling at the 
viewer. Her smile seems a bit unnatural, and could possibly be a dystonic grimacing so that her right fist placed 
below her chin would act as a geste antagoniste to alleviate her focal dystonia. The way the model places her left 
arm on the mantlepiece could even suggest a more pronounced, segmental distribution of dystonia. 
Conclusions: Santiago Rusiñol's portrait of his wife, aptly named Laughing Girl (La Risueña), might be a depiction 
of geste antagoniste to ameliorate focal facial dystonia. 
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1483 
Jane Avril: Toulouse-Lautrec's favourite courtisan and Moulin Rouge's choreic dancer 
f. Germiniani, C. Camargo, G. Franklin, G. Ribas, L. Pinheiro, P. Marques, H. Teive (Curitiba, Brazil) 
Objective: Our aim is to analyse selected portraits of Jane Avril, Moulin Rouge's most famous dancer, done by 
Toulouse-Lautrec, in which some features of chorea might be seen. 
Background: For more than four centuries, Sydeham's chorea remains the most common cause of chorea in 
children and adolescents. Thomas Sydeham coined the term Saint Vitus' Dance to refer to the involuntary choreic 
movements displayed by patients, a term that would persist over time in clinical practice. 
Methods: We review Jane Avril's diagnosis of Sydenham's Chorea, how the disease affected her during adolescency 
and early adulthood, even to the point that it might have influenced her into chosing to become a professional 
dancer. We also analyse how selected portraits of her done by Toulouse-Lautrec could depict some of her choreic 
movements. 
Results: Jane Avril had a difficult childhood, growing up in an abusive environment, running away from home 
when she was a teenager. She was admitted to the Pitié-Salpêtrière Hospital in Paris, after being diagnosed with 
Sydenham's Chorea. During one of the institution's Bal de Folles (Madwomen’s Ball), she embraced her abnormal 
movements ad found her true calling as a dancer. She would later become one of Moulin Rouge's foremost dancers 
and was Toulouse-Lautrec's favourite model, portraited in several drawings, paintings and commercial posters. In 
some of those, features of choreic movements can be discerned. 
Conclusions: Diagnosed in her childhood with Sydenham's Chorea, Moulin Rouge's most famous dancer and 
Toulouse-Lautrec's favourite model, Jane Avril, had some of her choreic movements forever depicted in several of 
Lautrec's oeuvres. 

1484 
Inspiring Neurology Residents to Select Movement Disorders Fellowship Training 
K. Harper, T. Davis, F. Phibbs, P.D. Charles (Nashville, TN, USA) 
Objective: To measure the impact of a junior resident education course focused on common movement disorders. 
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Background: Focus on Common Movement Disorders is a two-day course for first and second year neurology 
residents hosted by Vanderbilt University for the past 12 years. The goal of the course is to inspire junior neurology 
residents to select the field of movement disorders for specialty fellowship training. Participants are nominated by 
residency program directors from North American academic medical centers. Annually, 45 – 50 junior neurology 
residents participate in hands-on workshops and didactic lectures focused on the identification and treatment of 
Parkinson's disease, spasticity, tremor, and dystonia. 
Methods: Pre and post course examination and participant survey. 
Results: 594 neurology residents from 107 programs have attended the course since 2008. Of these, 102 participants 
completed a survey to ascertain fellowship training choices.  Survey responses showed that eighty-seven participants 
(85%) completed a fellowship, 47% of which were movement disorders fellowships. The majority (84%) reported 
that attending the course impacted their fellowship selection. Eighty-nine participants (87%) responded that their 
current practice includes patients with movement disorders. 
Conclusions: These data demonstrate that an educational program directed at junior neurology residents improves 
medical knowledge concerning common movement disorders and positively influences the choice of movement 
disorders for specialty fellowship training. 

1485 
Implementation of a Peer-to-Peer Mentoring Intervention for Center of Excellence Coordinators 
C. Hunter, K. Arney, J. Fleisher, P. Palmentera, J. Shurer, F. Cubillos (Houston, TX, USA) 
Objective: Through the Centers of Excellence (COE) network, the Parkinson’s Foundation (PF) unites a community 
dedicated to improving clinical care in Parkinson’s disease (PD). Each COE coordinator fulfills the PF mission 
through the coordination and implementation of quality of care, outreach, and research. PF developed the Mentoring 
and Networking Program (MNP) with the aim of providing coordinators with information on their role, PF's 
structure, operating procedures, resources, education, and networking opportunities. It is a venue to collaborate and 
enhance the field of PD. 
Background: PF's formal MNP will play an important role in helping these professionals to acquire skills, gain 
experience, and increase productivity. This translates into more knowledgeable and proactive coordinators who will 
be able to better engage with team members, patients and families. Mentors/mentees are carefully matched by the 
Task Force based on areas of interest, mentoring goals, characteristics of the population served and clinical setting to 
ensure that the learning experience is both as focused and as broad as necessary. 
Methods: A multi-disciplinary task force of 5-6 COE members and a representative of the PF was established from 
applications sent out to all US Centers. Guidelines, applications, pre/post evaluations for the mentors and mentees, a 
global evaluation, and a handbook with important information about the Foundation and resources for the COEs 
were developed. Phase I (4 pairs) and II (6 pairs), completed post-evaluations and changes applied to Phase III 
which launched February, 2019 with 8 new mentees. With Match completed, introductory calls made and guidelines 
and timelines described. Each mentor/mentee pair then sets their specific goals for the year and established call 
frequency and methods that fit their needs. 
Results: With Phases I & II complete, Phase III is underway with eight Mentor/Mentee matches. Phase III will also 
include an onsite Mentee-to-Mentor visits to further strengthen their exposure to other COE processes, resources, 
and structures.  Feedback has been positive overall. 
Conclusions: We are encouraged by the feedback received that this Phase of the MNP will help current and future 
COE coordinators gain the resources needed to confidently interact with the PD community. Several mentees from 
previous phases have elected to become mentors in Phase III, supporting the sustainability of this intervention. 
References: Fleming M, House S, Hanson VS, et al. The Mentoring Competency Assessment: validation of a new 
instrument to evaluate skills of research mentors. Acad Med. 2013;88(7):1002-8. Korentager R. Mentoring and 
Modeling Professionalism: Clinical Care. Plast Reconstr Surg Glob Open. 2015 Apr 7;3(3):e361. doi: 
10.1097/GOX.0000000000000313. eCollection 2015 Mar. McBride AB, Campbell J, Woods NF, Manson SM. 
Building a mentoring network. Nurs Outlook. 2017 May - Jun;65(3):305-314. doi: 10.1016/j.outlook.2016.12.001. 
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1486 
A hot, cold case of Parkinson's disease: Charcot and Bachère: was this case misdiagnosed? 
R. Kikuchi, T. Okamoto, S. Akaike, M. Miller, M. Kawamura (Tsurumi-ku,Yokohama,Kanagawa, Japan) 
Objective: We reviewed the diagnosis of the historical patient with "Parkinson's disease" Bachère, presented by 
Charcot in his Tuesday lectures of June 12, 1888. 
Background: Prevalence of Parkinson’s disease is on the rise as populations age. This is particularly true of 
industrialized countries including Japan. While clinical diagnosis of Parkinson’s disease is not straightforward, it is 
improving. Furthermore, it is interesting to look back at the history of the disease and its clinical diagnosis and 
presentation. On June 12th, 1888, Charcot presented a patient by the name of Bachère at one of his Tuesday lectures. 
This is perhaps the most famous case of Parkinson’s disease ever presented, and its importance increased when 
further described in textbooks by Gowers (1900) and Dejerine (1914). 
Methods: We reviewed Charcot's presentation of Bachère’s case from three points of view:1) Its content,2) Its 
further description by Gowers and Dejerine,3) How it compares with contemporary diagnostic criteria, as defined by 
the International Parkinson and Movement Disorder Society (MDS) Clinical Diagnostic Criteria for Parkinson's 
disease. 
Results: Charcot described Bachère as follows:* As a 31-year-old male (therefore early onset).* Initial signs of 
immobile head and masked face.* No past personal or family histories aside from the patient's rheumatoid attacks, 
three times, between 12 and 20 years of age.* Characteristic, deep wrinkling of the forehead, with occipito-frontalis 
(also known as the muscle of surprise) rigidity. Stiffening of other mimic muscles with resulting, overall lack of 
facial expression.* No tremor.* A posture with extended limbs (thus atypical of Parkinson’s disease). 
Dejerine's textbook listed Bachère’s case as "type d'extension," or an extension type case of Parkinson’s disease. 
Of the MDS criteria, none applies to Bachère’s case, while he did present symmetrical signs – a "red flag", 
exclusion criterion. Thus Charcot's case fails to meet contemporary diagnostic criteria of Parkinson's disease. 
Conclusions: an historically established case of Parkinson’s disease, as described by Charcot, was probably not 
accurate. It is more likely that it was a case of progressive supranuclear palsy (PSP) – a Parkinson-like condition. 
References: 1. Goetz CG. Charcot, the Clinician: The Tuesday Lessons, Raven Press;123-40,1987. 2. Blin MM, 
Charcot JM, Colin H. Vingtième Leçon. Un cas de maladie de Parkinson sans tremblement homme de 32 
ans.Policlinique du Mardi 12 Juin 1888. Cours de M.Charcot. Leçons du Mardi à la Salpêtrière, Professeur Charcot. 
Policlinique 1887-1888. Progrès Médical;331-9,1892. 3. Dejerine J. Sémiologie des Affections du Système 
Nerveux, Masson, Paris;684-9,1914 4. Gowers WR. A Manual of Disease of the Nervous System II, 2nd edition, 
Blakiston, Philadelphia;650,1900. 5. Postuma RB, Berg D, Stern M et al. MDS clinical diagnostic criteria for 
Parkinson’s disease. Mov Disord. 30;1591-601, 2015. 

1487 
Neuroart: A Hummingbird in the Cage of the Brain 
A. Kleinert (Tuxtla Gutierrez, Mexico) 
Objective: The main objective of this work is to expose th paintings of an artist with myelomeningocele and her 
fascination with hummingbirds in patients with PSP. 
Background: Progressive supranuclear palsy (PSP) is characterized by slowness, rigidity, bradykinesia, repeated 
falls, downgaze limitation and dementia. Midbrain atrophy on magnetic resonance imaging is highly suggestive of 
PSP and is described as “hummingbird sign”. This sign is very helpful in differentiating PSP patients from those 
with Parkinson's disease. It has been 25 years since the first description in 1994 by Dr. Iwata. 
Methods: Report of case of a patient with a motor dissability and her paintings of hummingbirds in the brain of 
patients with PSP. 
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Results: S.P.L. is a 24 years old female, who was born with myelomeningocele leve L2 After that. She went 
through surgery at 6 and 12 months at Shriners Hospital in Mexico city. Studied Education at a private university in 
Tuxtla Gutierrez, Chiapas, Mexico, because of the lack of wheel chair accesibility in the public university. Since she 
was at elementary school began to sketch and draw for her own pleasure, developing a personal syle of painting. She 
loves painting landscapes and animals with a pinch of mandalas as a way to deal with difficult situations. 
Conclusions: The hummingbird sign, also known as the penguin sign, refers to the appearance of the brainstem in 
patients with progressive supranuclear palsy (PSP); it is also a native and tiny american bird, which inspires artists 
around the world. 

 

1488 
Camillo Negro and his contributions to Neurology 
A. Meira, B. Betini, F. Germiniani, H. Teive (Curitiba, Brazil) 
Objective: The authors present a historical review of the contributions made by Italian professor Camillo Negro to 
neurology. 
Background: Negro published several books on clinical neurology, was one of the pioneers of scientific films and 
described numerous neurological diseases. He is best known for describing the cogwheel phenomenon in patients 
with Parkinson’s disease but also described a sign of peripheral facial paralysis. Negro pioneered the use of 
cinematography in teaching and the study of nervous diseases. 
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Methods: Review of literature data and description of sign of cogwheel phenomenon in patients with Parkinson’s 
disease, whose was named as troclea dentate by him; and also, Negro’s sign, which can be observed in peripheral 
facial paralysis. 
Results: Camillo Negro (Biella, 1861 – Torino, 1927) was an Italian neurologist and neuropathologist. In 1884 he 
graduated in medicine from the University of Turin. Spurred by his interest in neuropathology and the absence of a 
true Italian school in this discipline, Negro decided to go abroad, moving to Germany. On his return to his native 
country, he began to provide a free counseling service for patients with neuropathological conditions at the 
Policlinico Umberto I general hospital in Rome, an activity he was to continue until his death. In addition to his 
intense academic activity, Negro was one of the founders of the Italian Society of Neurology. He was a passionate 
teacher, presenting original observations on physiology, histology and pathophysiology. Cogwheel rigidity and 
Negro’s sign, associated with idiopathic Parkinson’s disease (PD) and peripheral facial palsy, respectively, are also 
claimed to have been first described by him. 
Conclusions: Negro authored more than 150 studies and clinical notes and made many original contributions in the 
field of neurology. He was a passionate teacher. Cogwheel rigidity and Negro’s sign, associated with idiopathic 
Parkinson’s disease (PD) and peripheral facial palsy, respectively, are also claimed to have been first described by 
him. 

1489 
Reconstructing the history of Machado-Joseph disease 
A. Meira, J. Pedroso, F. Germiniani, O. Barsottini, H. Teive (Curitiba, Brazil) 
Objective: The authors debate if previous descriptions of cerebellar ataxias with autossomal dominant pattern of 
inheritance, resembling MJD phenotipically, should gain the merit of first descriptions of the disease. 
Background: Machado-Joseph Disease (MJD), or Spinocerebellar Ataxia type 3 (SCA 3), was originally described 
in members of the families Machado, Thomas and Joseph, from São Miguel Island, Azores. After more than 40 
years of the disease naming, which consider the first description dated on 1972. 
Methods: Review of previous articles open literature. 
Results: It has been passed more than 40 years of the labeling of the disease, and still today we consider the first 
description dated on 1972. Nevertheless, previous descriptions of cerebellar ataxias with autosomal dominant pattern 
of inheritance, resembling MJD phenotipically, were made, without gaining its merit. From 1895, when William 
Gowers examined the patient William Drew, whose final diagnostic was Paralysis Agitans, in the National Hospital, 
until recent days, many doctors have examined members of the Drew family of Walworth. With a clear autosomal 
dominant pattern of inheritance, and a pleomorphic clinical characteristics among patients. Pierre-Marrie’s ataxia is 
remembered here. Schut et al, between 1950 and 1953, published the case of a 343-member family in which 45 
ataxic known members presented a heterogeneous phenotypic ataxia. Boller and Segarra (1969) published a paper 
describing a family presenting progressive ataxia of adult onset. Seventeen members of a 40-member family were 
affected, in a clear autosomal dominant pattern. And, Taniguchi and Konigsmark made a description of three-
generation family, in which among 16 persons affected by a progressive cerebellar ataxia, six were studied. 
Conclusions: Previous descriptions of hereditary ataxia were made, resembling the heterogeneous phenotypic 
intrafamiliar presentation of MJD, but without genetic confirmation because of clear impediment of possibility on 
that time. Although the pathological descriptions were very distinct, they could also represent MJD cases. 

1490 
Knowledge and attitude towards movement disorders among final year medical students in a Nigerian 
university 
E. Nwazor, C. Okeafor (Owerri, Nigeria) 
Objective: The study was aimed to evaluate knowledge and attitude of medical students towards movement 
disorders. 
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Background: The understanding of movement disorders could pose a challenge to medical students despite the need 
for adequate familiarity of these disorders by medical professionals. 
Methods: This was a cross-sectional study consisting of 79 final year medical students of Madonna University, 
Elele, Southern Nigeria. Consenting students filled the study questionnaires which consisted of a socio-demographic 
information and questions on the knowledge and attitude towards movement disorders. Data were analysed with the 
use of Statistical Package for Social Sciences (SPSS) Version 20. 
Results: The mean age of the study participants was 27+/-2.78 years with male to female ratio of 1.3:1. Seventy-two 
(91.1%) were mostly conversant with Parkinsonism followed by chorea, 70 (88.6%), tics, 64 (81.1%), athetosis, 58 
(73.4%), dyskinesia, 55 (69.6%), dystonia, 52 (65.8%), ballism, 47 (59.5%) and the least familiar movement 
disorder among them was essential tremor, 46 (58.2%). Forty three (54.4%) students expressed difficulty with 
understanding movement disorder lectures. Common reasons given for difficulty in understanding movement 
disorder lectures were paucity of patients with movement disorders and lack of teaching aids. No significant 
relationship was found between socio-demographic variables (age, gender and marital status) of the study 
participants and expression of difficulty in understanding movement disorder lectures (P value > 0.05). 
Conclusions: The movement disorder which the medical students were most conversant with was parkinsonism 
with varying rates of awareness for others. Medical educators should ensure the availability of audio-visual teaching 
aids for better appreciation of movement disorder lectures by students. 

1491 
Public awareness and education of Parkinson’s Disease among Nepalese Population 
R. Ojha, R. karn (Kathmandu, Nepal) 
Objective: This study aimed to evaluate the knowledge of Parkinson’s Disease(PD) among general population and 
educate them with the clinical features of this disease for early referral to the Hospital. 
Background: Neurodegenerative disorders are the common cause of economic burden worldwide, PD being one of 
them(1). Due to improved life expectancy and increased in the population of elderly people, it is likely that 
prevalence of patients of PD is increasing (2). But still patients of PD are not early identified by family members and 
present late to hospital. 
Methods: Non-PD patient’s caretakers, who were non-health workers and presented to Neurology outpatient 
department of Tribhuvan University Teaching Hospital, Kathmandu Nepal from 2018 September to 2018 
November, are interviewed with 15 term questionnaire that consisted of caretaker’s information and their knowledge 
of PD. 
Results: Total of 60 non-PD patient caretakers were interviewed, mean age 36.2±6.5 years, Male: 38 and Female: 
22. Only 6 (10%) caretakers had heard about PD via internet and television, but none of them had seen any patients. 
They could only explain clinical features like tremor by 4 caretakers, walking difficulty by 3 caretakers and both 
tremor and walking difficulty by 2 caretakers. Among rest 54 caretakers, when asked what disease they would think 
if any patient who has tremor, slow activity and rigid body, 28 (51%) of them replied as alchohal withdrawal 
syndrome, stroke by 8 (15%), Hypertension by 6 (11.5%), Thyroid disorders by 5( 9.5%). Genetic by 4 (7.5%) and 
Diabetes by 3(5.5%) caretakers. 
Conclusions: Knowledge regarding PD is very poor among Nepalese population. This is an important reason that 
PD patient usually come after 1-2 years of onset of motor symptoms. Government should focus on health awareness 
jingles in television and radio, banners and pamphlets in specific parts of cities and educational programs targeting 
different subgroups like schools, banks employees, factory workers, etc. 
References: 1. Zhao YJ, Tan LCS, Li SC, Au WL, Seah SH, Lau PN, et al. Economic burden of Parkinson’s disease 
in Singapore. Eur J Neurol. 2011;18(3):519–26. 2. Yang JX, Chen L. Economic Burden Analysis of Parkinson’s 
Disease Patients in China. Parkinsons Dis. 2017;2017. 
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1492 
Acceptability and Effectiveness of an Online Curriculum in Movement Disorders for Neurology Housestaff: 
A pilot study 
S. Schaefer, L. Vadlamani, P. Juthani, J. Moeller (New Haven, CT, USA) 
Objective: To determine the acceptability, feasibility, and effect on knowledge of an online curriculum in 
movement disorders for neurology housestaff. 
Background: Neurology residents often get less exposure to outpatient subspecialties. New educational tools may 
be used to supplement clinical exposure. 
Methods: A basic curriculum in movement disorders including an introductory video and 10 modules was created. 
The introductory video provided a structured approach to phenomenology that was reinforced in the modules. 
Original patient videos, artwork, and animations were edited using Camtasia and embedded into a Qualtrics survey 
platform. Display logic within Qualtrics allowed for conditional answers and interactivity. Short modules covered 
movement disorders topics with a particular attention to visual diagnosis. 9 neurology housestaff piloted the 
modules. Users completed surveys and 10 question pre- and post-tests, and semi-structured interviews were 
conducted until saturation was reached, then double-coded and analyzed. 
Results: 9 housestaff completed all modules, 8 were interviewed, and 6/8 completed the survey and pre- and post-
tests. On the survey, all users strongly agreed that the modules were a worthwhile use of time and that they would 
recommend them to other residents. All users agreed or strongly agreed that the modules helped them understand 
both basic and difficult concepts in movement disorders. The mean pre- and post-test scores were 0.7 (SD 0.19) and 
0.95 (SD 0.05) respectively. The score change was statistically significant (p=0.022). Interview themes included that 
users liked the: 1) interactivity, 2) "bite-sized" duration and focused learning points, 3) multimedia approach, 
especially video usage, 4) navigability of Qualtrics, and 5) convenience. All users commented that the structured 
approach to phenomenology was particularly useful, increasing comfort and confidence in diagnosing movement 
disorders. 
Conclusions: Neurology housestaff are enthusiastic about online curricula supplemental to a regular curriculum, 
and are engaged by short, interactive modules with a multimedia format. The curriculum increased knowledge in 
movement disorders both subjectively and objectively. Camtasia and Qualtrics are tools that are intuitive even for 
new users and may be easily applied to the design of educational materials. 

1493 
The development of a patient education and treatment programme for people with Parkinson's disease 
P. Sloan, J. Farrell, J. McHattie, L. Ebenezer, H. Evans (Bridgend, United Kingdom) 
Objective: To ensure we have a flexible education and treatment programme format, designed for people with 
Parkinson's disease (PWP), relevant to their time since diagnosis, stage of disease and level of functioning and 
cognition and which is cost effective to our service. 
Background: Evidence suggests that the better a patient understands their condition, the better their acceptance of 
diagnosis, treatment choices and quality of life will be.  Group programmes are of benefit in helping people network 
and cope with the diagnosis.  For exercise there is evidence that high intensity, forced exercise, with dual tasking 
and large amplitude training can improve long term motor function, might slow down the progression of motor 
decay and have a neuro-protective effect. Potentially enhance brain neuroplasticity and increase plasmatic levels of 
different neurotrophic factors. 
For Speech and Language therapy (SLT) the evidence based treatment is Lee Silverman Voice Treatment method 
(LSVT®). A therapy method to help patients to internally cue themselves focusing on vocal loudness, 
Methods: Retrospective review of data gathered during our Education programme. 
Outcome measures were employed for balance, gait speed, dual tasking , speech, function, quality of life and 
symptom scores, (actual measures used changed) 
Patient feedback at end of each cohort helped determine content of future cohorts. 
Questionnaires were given out at random in routine MDC follow up to gauge what they remember about their group. 
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Results: 12 groups have run since march 16 
Table 1 
Table 1 shows Cohorts 1-12, stage of disease and attendance. 
All cohorts have a core of PD specific knowledge e.g.Aetiology, medication, motor and non motor symptoms. 
Physio including PD warrior or similar exercise. SLT using loud voice group therapy. Solicitor; Wills, Power of 
atorney etc. Parkinson's UK support worker. Optional extras; Carers centre, Wellbeing, Arts, continence, cueing, 
falls prevention, dietician, continence, OT. 
Conclusions: We now have a stable education base for each cohort with extra components which are added when 
appropriate for the group.   
Patient feedback and research have driven change. 
questionnaires have shown that even 7 years after the sessions patients can still remember some of the key 
components helping them to understand their condition, make informed choices and live well with Parkinson's. 

 

1494 
Neurology Residents Versus a Mobile Medical Application in deducing differential diagnoses in Movement 
Disorders: A multi-center, cross-sectional, observational study 
V. Vishnu, P. Vinny, R. Rajan, V. Goyal, P. Srivastava, V. Lal, P. Sylaja, L. Narasimhan, S. Dwivedi, P. Nair, D. 
Ramachandran, A. Gupta (New Delhi, India) 
Objective: To test the hypothesis that the differentials generated by the  Mobile Medical Application  are more 
clinically relevant and complete to the ones derived by neurology residents. 
Background: A mobile medical application (Neurology Dx®) on iOS platform was created to derive differential 
diagnoses from a set of patient attributes viz. symptoms, signs, imaging data and lab values. This study did a head to 
head comparison between Neurology residents and the mobile application in the ability to deduce relevant 
differential diagnoses from clinical vignettes pertaining to Movement Disorders. 
Methods: A multi-center, cross sectional study was designed incorporating seven leading tertiary care teaching 
neurological institutes. One hundred neurology residents from these centers participated in the study. Participating 
residents were asked to deduce relevant differential diagnoses to a set comprising of of 15 Movement Disorder 
vignettes. A group of Experts were empanelled to derive gold standard answers to the clinical vignettes, which 
were classified into ‘‘high likely’’, ‘‘moderate likely’’, ‘‘less likely’’ and ‘‘wrong” answers. A head to head 
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comparison was later carried out between Neurology residents and the app (Neurology Dx®)against the gold 
standard differentials derived by experts. 
Results: Sixty Movement Disorder clinical vignettes in sets of 15 vignettes each were tested on 100 neurology 
residents(one set of 15 vignettes) and also on the App(60 Vignettes). Residents correctly identified the gold standard 
“high likely” answers with a frequency of 13.64% as against 41.5% by the App (95% CI: 21.90-34.07, P < 0.0001). 
On combining “high” and “moderate likely” answers, residents could accurately identify gold standard differentials 
with a frequency of 10.78%as against 37.92% by the App, (95% CI 22.56-31.94, P < 0.0001).  Residents correctly 
identified the first “high likely” gold standard answer as their first “high likely answer” in 32.27% as against 35% 
(95% CI:8.37-15.58, P = 0.6578). 
Conclusions: In this era of artificial intelligence, a mobile medical application based on a predefined knowledge 
base and smart algorithm can arm the neurologist by complementing and augmenting the necessary skills required to 
deduce a comprehensive list of differential diagnoses. (CTRI/2017/06/008838) 
References: 1. Balla J, Heneghan C, Goyder C, Thompson M. Identifying early warning signs for diagnostic errors 
in primary care: a qualitative study. BMJ Open. 2012;2:1–9. pmid:22983786. 2. Berner ES, Graber ML. 
Overconfidence as a cause of diagnostic error in medicine. The American journal of medicine. 2008;121(5 
Suppl):S2–23. pmid:18440350. 3. Kostopoulou O, Oudhoff J, Nath R, Delaney BC, Munro CW, Harries C, et al. 
Predictors of diagnostic accuracy and safe management in difficult diagnostic problems in family medicine. Med 
Decis Making. 2008;28(5):668–80. pmid:18556634. 4. Graber ML, Kissam S, Payne VL, Meyer AN, Sorensen A, 
Lenfestey N, et al. Cognitive interventions to reduce diagnostic error: a narrative review. BMJ Qual Saf. 
2012;21(7):535–57. pmid:22543420. 5. Semigran HL et al. Comparison of Physician and Computer Diagnostic 
Accuracy. JAMA Intern Med. 2016 Dec 1;176(12):1860-1861 
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1495 
Adaptor Protein Complex 4-associated Hereditary Spastic Paraplegia (AP-4-HSP): A Paradigm of 
Childhood-Onset Hereditary Spastic Paraplegia Caused By Defective Protein Trafficking 
R. Behne, J. Teinert, M. Wimmer, S. Dwyer, A. Davies, J. Hirst, G. Borner, M. Robinson, L. Barrett, I. Chen, E. 
Buttermore, M. Sahin, D. Ebrahimi-Fakhari (Boston, MA, USA) 
Objective: Aims of this study include: 1) to generate induced pluripotent stem cell (iPSC)-derived neurons from 
patients with AP-4-associated HSP; 2) to characterize these neurons with respect to AP-4-related cellular 
phenotypes; 3) to develop a phenotypic high-throughput screen. 
Background: Bi-allelic, loss-of-function variants in subunits of adaptor protein complex 4 (AP-4) lead to four 
poorly understood forms of childhood-onset hereditary spastic paraplegia (AP-4-HSP): SPG47 (AP4B1), SPG50 
(AP4M1), SPG51 (AP4E1) and SPG52 (AP4S1) [1]. AP-4 facilitates the selective incorporation of transmembrane 
cargo proteins into vesicles and mediates their transport [2, 3]. 
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Methods: We investigate patient-derived fibroblasts and iPSC-derived neurons using immunocytochemistry, 
biochemistry and high-content confocal imaging. 
Results: To explore the molecular defects underlying AP-4-HSP we investigated 15 patient-derived fibroblast lines 
and 6 lines of iPSC-derived neurons covering a wide range of AP-4 variants. All patient-derived cells showed 
reduced levels of AP4E1, a surrogate for levels of AP-4. In all patient-derived fibroblasts the autophagy protein 
ATG9A, which was recently identified as an AP-4 cargo protein, accumulated in the trans-Golgi network (TGN) 
and was concomitantly depleted from peripheral sites. Automated quantification of the area of ATG9A signal 
overlapping with the TGN in relation to the total ATG9A area showed a significant increase in all patient lines. 
Western blot analysis revealed increased whole cell levels of ATG9A to 3-5x the level of heterozygous or wild-type 
controls. Looking at the downstream effects of AP-4 loss and ATG9A mislocalization, we find that autophagic flux 
is present but autophagosome formation in response to starvation is reduced. In iPSC-derived cortical neurons from 
patients with AP4B1-associated SPG47 we find that AP-4 subunit levels are reduced, ATG9A levels are increased 
and ATG9A accumulates in the TGN. We establish the latter phenotype as a surrogate for AP-4 deficiency in a 
high-throughput format using automated confocal microscopy. 
Conclusions: We identify several cellular phenotypes of AP-4-HSP and establish ATG9A mislocalization as a 
marker of AP-4 deficiency. Use of iPSC-derived cortical neurons from AP-4-HSP patients in a phenotypic small 
molecule screen may identify targeted therapies. 
References: 1. Ebrahimi-Fakhari, D., et al., AP-4-Associated Hereditary Spastic Paraplegia, in GeneReviews((R)), 
M.P. Adam, et al., Editors. 2018: Seattle (WA). 2. Hirst, J., C. Irving, and G.H. Borner, Adaptor protein complexes 
AP-4 and AP-5: new players in endosomal trafficking and progressive spastic paraplegia. Traffic, 2013. 14(2): p. 
153-64. 3. Davies, A.K., et al., AP-4 vesicles contribute to spatial control of autophagy via RUSC-dependent 
peripheral delivery of ATG9A. Nat Commun, 2018. 9(1): p. 3958. 

1496 
Pantothenate kinase-associated neurodegeneration in Tunisian families 
H. BENRHOUMA, I. Kraoua, H. KLAA, A. ROUISSI, E.M. VALENTE, I. BENYOUSSEF TURKI (TUNIS, Tunisia) 
Objective: To describe clinical features, imaging and genetic findings of 6 Tunisian families diagnosed with PKAN. 
Background: Pantothenate kinase-associated neurodegeneration (PKAN) is an autosomal recessive disease caused 
by mutations in the PANK2 gene with clinical features marked by progressive movement disorders. 
Methods: We conducted a descriptive study over a 12-year period (2006-2018) including 6 families diagnosed with 
PKAN. Clinical characteristics, imaging findings, genetic studies and management were analyzed. 
Results: Four girls and 2 boys were followed up in our department for PKAN. The main age of onset was 4.4 
years.  Dystonia was the main clinical feature observed in all our patients which was complicated by status 
dystonicus in 3 of them. MRI showed the eye-of-the-tiger signs in all our patients. Genetic studies showed in 5 cases 
that the proband, with a clinical diagnosis of PKAN, has the mutation in both PANK2 alleles, each one inherited 
from the heterozyous unaffected parent. 
Conclusions: This study has enabled to investigate a patient series from 6 Tunisian families diagnosed with PKAN. 
All the mutations were detected in the homozygous state. This comprehensive and family oriented study may, in the 
future, enable for families to receive better genetic counseling. 

1497 
Assessment, identification and classification of movement disorders in 22q11.2 deletion syndrome 
W. Fung, A. Cunningham, T. Massey, J. Hall, M. Owen, M. van-den-Bree, K. Peall (Newport, United Kingdom) 
Objective: To assess the nature and frequency of movement disorders in children with molecularly confirmed 
22q11.2 Deletion Syndrome. 
Background: 22q11.2 Deletion Syndrome (22q11.2DS) is a heterogenous clinical syndrome involving 
neurodevelopmental, psychiatric, cardiac, immunological and endocrinological abnormalities, with genetic deletions 
involving this region also having been identified as a risk factor for Parkinson’s disease in adults. Movement 
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abnormalities have also been reported in children with 22q11.2DS, including hypotonia, tremor and difficulties with 
co-ordination. However, no previous studies have sought to detail the phenomenology and severity of these motor 
features. 
Methods: Paediatric patients with 22q11.2DS were recruited via the UK Medical Genetics clinics. All patients 
underwent a standardised videotaped clinical examination, together with systematic questionnaires assessing IQ, 
postural stability, attention deficit hyperactivity disorder (ADHD), autism spectrum disorder (ASD) and anxiety-
related symptoms. The videotaped examinations were reviewed independently by three neurologists to determine the 
presence or absence of a movement disorder. If present they were also asked to classify the movement disorder, with 
agreement of 2 out of 3 neurologists required for a consensus decision. 
Results: 18 patients (11 male: 7 female) were assessed (mean age: 11.3 years, (range, 6.82-17.11 years)). 13 patients 
demonstrated features of dystonia, one demonstrated myoclonus, and four displayed a combination of dystonia and 
myoclonus. For those with dystonia, or dystonia and myoclonus, no significant correlation was seen between 
dystonia severity and gender, (p=.660), age (p=.712), postural stability (p=.591), or fine motor skills. A significant 
correlation was found between indicative ASD symptoms and dystonia severity (p=.014). No relationship was found 
between dystonia severity and ADHD (p=.391) or anxiety (p=.081). 
Conclusions: This study demonstrates the high rate of dystonia in children with 22q11.2DS, and its potential 
association with autism spectrum disorders. 
References: Baralle D, Trump D, ffrench-Constant C, et al. Myoclonic movement disorder associated with 
microdeletion of chromosome 22q11. Journal of Neurology, Neurosurgery & Psychiatry 2002;73:600-601. Boot E, 
Bassett AS, Marras C. 22q11.2 Deletion Syndrome–Associated Parkinson’s Disease. Mov Disord Clin Pract; 0. 
doi:10.1002/mdc3.12687. Campbell IM, Sheppard SE, Crowley TB, et al. What is new with 22q? An update from 
the 22q and You Center at the Children's Hospital of Philadelphia. Am J Med Genet Part A. 2018;176A:2058–2069 
Niarchou M, Zammit S, van Goozen SH, Thapar A, Tierling HM, Owen MJ, et al. Psychopathology and cognition in 
children with 22q11.2 deletion syndrome. Br J Psychiatry 2014; 204: 46–54. Sobin C, Monk SH, Kiley-Brabeck K, 
Khuri J, Karayiorgou M. Neuromotor Deficits in Children With the 22q11 Deletion Syndrome. Movement Disorders 
Vol. 21, No. 12, 2006, pp. 2082–2089 

1498 
Pre-status and status dystonicus in children and adolescents 
G. Garone, F. Graziola, F. Nicita, F. Frascarelli, F. Randi, M. Zazza, L. Cantonetti, F. Vigevano, C.E. Marras, A. 
Capuano (Rome, Italy) 
Objective: Retrospective analysis of an 8-years' experience in diagnosis, management and follow-up of children 
experiencing Status dystonicus (SD) and pre-SD. 
Background: SD is considered the most severe form of a continuum spectrum of worsening dystonia, and pre-SD 
represents the immediately preceding step in acute deterioration. SD and pre-SD occur more frequently in children 
with a long duration of dystonia, but few case series have been reported[1-3]. 
Methods: Retrospective analysis of medical records of patients hospitalized for acute exacerbation of 
dystonia (January 2010-August 2018). Clinical, demographic and therapeutic features were analysed according with 
disease severity, scored on a 3 points rating scale. For patients with at least 6 months of follow-up, risk of 
subsequent relapse was estimated by means of Kaplan-Meier curves. 
Results: 34 patients (8 females) experiencing 63 episodes of pre-SD and SD were identified. Mean age at 
presentation was 9 years 11 months (range 1-20 years). Dystonic symptoms onset dated back to infancy in the large 
majority of cases. 14 patients experienced ≥2 episodes (mean 1.82 episode/patient, 2 episode/year of follow-up). In 
18 cases ICU admission was needed. Infection were the most commonly trigger (47.6%). In about three quarters of 
the cases a baseline antidystonic therapy was already ongoing at the time of acute exacerbation. Benzodiazepines, 
both for oral and IV administration, were the most commonly used drugs. Pallidotomy was performed in 6 cases 
during SD, and 2 additional patients underwent elective pallidotomy after having obtained SD remission by medical 
therapy. 6 of them developed subsequent relapses.27 patients were eligible for Kaplan-Meier curve analysis. The 
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probability of survival free from SD relapses was 77.7% after 4 months, 73.5% after 13 months and 61.4% after 27 
months. 
Conclusions: Dystonia exacerbations are potentially life-threating emergencies, mainly affecting individuals with 
early-onset dystonia. Patients experiencing pre-SD and SD have a considerable risk of developing further episodes. 
Nevertheless, no obvious factor for relapse risk stratification exist. Pallidotomy is a feasible option in medical 
refractory SD for patients with limited deep brain stimulation applicability, but the risk of recurrence is elevated. 
Preliminary results of our study have been already presented at the 6th Symposium on Paediatric Movement 
Disorders (Barcelona, 2019). 
References: [1] Fasano A, Ricciardi L, Bentivoglio AR, et al. Status dystonicus: predictors of outcome and 
progression patterns of underlying disease. Mov Disord. 2012;27(6):783-788. doi:10.1002/mds.24981 [2] Lumsden 
DE, King MD, Allen NM. Status dystonicus in childhood. Curr Opin Pediatr. 2017;29(6):674-682. 
doi:10.1097/MOP.0000000000000556 [3] Nerrant E, Gonzalez V, Milesi C, et al. Deep brain stimulation treated 
dystonia-trajectory via status dystonicus. Mov Disord. 2018;33(7):1168-1173. doi:10.1002/mds.27357 
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1499 
TUBB4A mutation: Expansion of H-ABC phenotype with apparent iron accumulation in the basal ganglia - 
case report and literature review 
C. Gorodetsky, I. Tein (Toronto, ON, Canada) 
Objective: This case report expand the phenotype of hypomyelination with atrophy of the basal ganglia and 
cerebellum. 
Background: Background: Hypomyelination with atrophy of the basal ganglia and cerebellum (H-ABC) is a rare 
leukoencephalopathy associated with pathogenic mutations in TUBB4A, which encodes brain-specific tubulin-
beta4A protein that is involved in the organization of microtubules. Patients present with extrapyramidal 
movements, spasticity, ataxia and cognitive deficits with those most severity affected presenting in infancy. The 
MRI features previously described are hypomyelination, progressive atrophy of the putamen and variable degrees of 
cerebellar atrophy. Iron accumulation in the basal ganglia has not been previously reported. 
Methods: Case summary: This boy initially presented at the age of 9 months with motor delay and was 
subsequently diagnosed with cerebral palsy at 13 months of age. The MRI brain at that time showed delayed 
myelination with cerebellar atrophy. Over the next few years, he developed spasticity in all four extremities, 
cogwheel rigidity in the upper extremities, axial hypotonia, generalized dystonia, facial bradykinesia, dysarthria, 
dysphagia, dysphonia, and significant drooling and had intellectual disability. A repeat MRI at 7 years of age 
showed marked delay in myelination with hypointense basal ganglia, apparent iron deposition in the Globus pallidi 
and hypoplastic cerebellum. He was tested for known genes associated with Neurodegeneration with brain iron 
accumulation (NBIA) that did not reveal any variants. 
Results: Results: A dystonia gene panel (Invitae) identified a pathogenic heterozygous missense variant in 
TUBB4A, c.763G>A (p.Val255ile) in this autosomal dominant condition. 
Conclusions: Conclusions: This report expands the radiological findings in TUBB4A mutations and highlights the 
importance of considering this gene in the evaluation of patients with brain iron accumulation. 

1500 
Optimal treatment of geniospasm: a case report and review of the literature 
M. Hull, M. Parnes (Houston, TX, USA) 
Objective: To present a case of geniospasm in a child successfully treated with botulinum toxin injections and to 
review previously reported cases in the literature with emphasis on prior treatments. 
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Background: Geniospasm is a rare, hereditary or sporadic genetic disorder characterized by paroxysms of rhythmic 
movements of the chin and lower lip caused by involuntary contractions of the mentalis muscle. It was first 
described in 1894, and since that time it has been reported in only 40 families worldwide. The inherited form 
follows an autosomal dominant pattern, and may be associated with a locus on chromosome 9q13-21. Treatments 
have ranged from faradic current and UV light to sedatives, anticonvulsants, beta blockers, botulinum toxin, and 
surgery, with varied results. 
Methods: A 9 year-old male with ADHD, borderline IQ, and mixed receptive-expressive language disorder 
presented to clinic for evaluation of episodic chin quivering, seen on home video and consistent with geniospasm. 
Episodes were noted first at 3.5 months of age and would persist for 30 minutes to 1 hour, more with excitement or 
anxiety, and becoming more frequent with time. Family history revealed no history of similar movements. 
Treatment with onabotulinumtoxinA was initiated. A literature survey of geniospasm was performed on PubMed. 
Results: With injection of 30 units of onabotulinumtoxinA to each mentalis muscle every 3 months, the patient had 
complete resolution of the events, with no adverse effects. 
Conclusions: Geniospasm is a relatively rare movement disorder, with few reported cases. Several medications 
have been tried historically. In this and other reported cases, botulinum toxin injections provided resolution of 
symptoms. 
References: 1Ehm GH, Kim HJ, Jeon BS. Hereditary geniospasm in a Korean family. Parkinsonism and Related 
Disorders. 2015 ; 21: 665-666. 2Jarman PR, Wood NW, Davis MT, Davis PV, Bhatia KP, Marsden CD, Davis MB. 
Hereditary geniospasm: linkage to chromosome 9q13-q21 and evidence for genetic heterogeneity. Am. J. Human 
Genetics. 1997; 61:928-933. 3Papapetropoulos S, Singer C. Sporadic geniospasm (chin trembling): report of a case. 
Movement Disorders. 2007; 22(3):434 4Mahmoudi M, Kothare SV. Tongue biting: a case of sporadic geniospasm 
during sleep. Journal of Clinical Sleep Medicine. 2014; 10(12):1339-1340. 5Danek, Adrian. Geniospasm: hereditary 
chin trembling. Movement Disorders. 1992;8(3)335-338. 6Stocks, Percy. Facial spasm inherited through four 
generations. Biometrika. 1923; 14(3):311-315. 7Johnson LF, Kinsbourne M, Renuart AW. Hereditary chin-
trembling with nocturnal myoclonus and tongue biting in dizygous twins. Develop. Med. Child Neurol. 1971; 
13:726-729. 8Goraya JS, Virdi V, Parmar V. Recurrent nocturnal tongue biting in a child with hereditary chin 
trembling. Journal of Child Neurology. 2006; 21(11):985-987. 9Akiyama T, Miyahara H, Waki K, Katsuhiro 
Kobayashi HY. A Japanese case of hereditary chin trembling responsive to arotinolol. Parkinsonism and Related 
Disorders. 2016; 29:133-134. 10Bakar M, Zarifoglu M, Bora I, Turan F, Sen C, Ogul E. Treatment of hereditary 
trembling chin with Botulinum toxin. Movement Disorder Society. 1998; 13(5): 845-850. 11Kharraz B, Reilich P, 
Noachtar S, Danek A. An episode of geniospasm in sleep: toward new insights into pathophysiology. Movement 
Disorders. 2008; 23 (2) 274-305. 12Destee A, Cassim F, Defebvre L, Guieu JD. Hereditary chin trembling or 
hereditary chin myoclonus. Journal of Neurology, Neurosurgery, and Psychiatry. 1997; 63:804-807. 13Diaz S, 
Scorticati MC, Micheli F. Hereditary chin tremor/myoclonus: a report from Latin America. Movement Disorders. 
1999; 14(1):180-181. 14Soland VL, Bhatia KP, Sheean GL, Marsden CD. Hereditary geniospasm: two new 
families. Movement Disorders. 1996; 11(6): 744-761. 15Aggarwal A, Warren JE, Warren JD, Thompson PD. Facial 
reflex hyperexcitability in geniospasm suggests a brainstem origin. Movement Disorders. 2009; 24(5) 783-790. 
16Grossman, Burton J. Trembling of the chin – an inheritable dominant character. Pediatrics. 1957; 19:453-455. 
17Wadlington WB. Familial Trembling of Chin. Journal of Pediatrics. 1958; 53 (3): 316-321 18Grimes DA, Han F, 
Bulman D, Nicolson ML, Suchowersky O. Hereditary chin trembling: a new family with exclusion of the 
chromosome 9q13-q21 locus. Movement Disorders. 2002; 17(6): 1390-1392 19Jain P, Sharma S, Aneja S. 
Hereditary Chin-trembling. Indian Pediatrics. 2015; 52:720. 20Goldsmith, Joseph B. The inheritance of facial spasm 
and the effect of a modifying factor associated with high temper. Journal of Heredity. 1927; 18(4):185-187. 
21Chalaupka FD, Bartholini F, Mandich G, Turro M. Two new families with hereditary essential chin myoclonus: 
clinical features, neurophysiological findings and treatment. Neurol. Sci. 2006; 27:97-103. 22Gordon K, Cadera W, 
Hinton G. Successful treatment of hereditary trembling chin with botulinum toxin. J. Child Neurol. 1992;7:154-156 
23Laurance BM, Matthews WB, Diggle JH. Hereditary quivering of the chin. Arch. Dis. Childhood. 1968; 43:249-
251. 24Fahn S. Atypical tremors, rare tremors and unclassified tremors. Movement Disorders: Tremor. London: 
Macmillan Press, 1984:431–443. 

This article is protected by copyright. All rights reserved.



1501 
Management of life threatening dyskinesias in GNAO1 related movement disorder: two new cases and review 
of the literature 
M. Hull, M. Parnes (Houston, TX, USA) 
Objective: To present two cases of GNAO1 related movement disorder associated with life threatening persistent 
chorea successfully managed with bilateral GPi deep brain stimulation (GPi-DBS) and review previously reported 
cases in the literature with emphasis on treatment. 
Background: Mutations in GNAO1 were first characterized by early-onset epileptic encephalopathy. Since initial 
reports of this mutation, more than 40 patients have been reported in the literature with phenotypes including 
neurodevelopmental disability, infantile epileptic encephalopathy, hypotonia, and involuntary movements. The 
involuntary movements include chorea and/or dystonia resulting in life threatening "storms" requiring several 
intensive care unit stay due to fractures, lactic acidosis, and rhabdomyolysis. Several treatments have been utilized 
with varying success including tetrabenazine, neuroleptics, anticonvulsants, benzodiazepines, and others. Many 
were found to be pharmacoresistant and therefore GPi-DBS has been utilized with promising results. 
Methods: A literature survey of GNAO1 related movement disorders was performed on PubMed. We describe two 
cases, a 14 year old male and 3 year old female, admitted to the ICU in the setting of febrile illness associated with 
life threatening chorea. Both courses were complicated by rhabdomyolysis and respiratory failure. Neither had 
improvement in chorea with administration of benzodiazepines, tetrabenazine, and other medications. Both had 
bilateral GPi-DBS emergently implanted with significant improvement. 
Results: We present two additional cases of pharmacoresistant chorea in patients with GNAO1 mutations that 
resulted in significant improvement of symptoms following DBS. While one patient was only recently implanted, 
the other has not had recurrent ICU admission since implantation three years ago. 
Conclusions: GNAO1 mutations have been associated with multiple phenotypes including epileptic encephalopathy 
and involuntary movements. These movements can have several triggers including fever, pain, etc. and result in 
storms of chorea/dystonia associated with life threatening complications. These movements have been exceedingly 
resistant to medications, however, GPi-DBS has had promising results. 
References: A Koy, S Cirak, V Gonazalez, et al., Deep brain stimulation is effective in pediatric patients with 
GNAO1 associated severe hyperkinesia. Journal of the Neurological Sciences 391 (2018) 31-39. S Sakamoto, Y 
Monden, R Fukai et al., A case of severe movement disorder with GNAO1 mutation responsive to topiramate. Brain 
and Development 39 (2017) 439-443. A Ananth, A Robichaux-Viehoever, YM Kim et al. Clinical course of six 
children with GNAO1 mutations causing a severe and distinctive movement disorder. Pediatric Neurology 59 (2016) 
81-84. R Arya, C Spaeth, D Gilbert et al. GNAO1-associated epileptic encephalopathy and movement disorders: 
c.607G>A variant represents a probable mutation hotspot with a distinct phenotype. Epileptic Disorders 2019; 19 
(1): 67-75 L Blumkin, T Lerman-Sagie, A Westenberger, et al. Multiple causes of pediatric early onset chorea-
clinical and genetic approach. Neuropediatrics 2018: 49;246-255. N Kulkarni, S Tang, R Bhardwaj, et al. 
Progressive movement disorder in brothers carrying a GNAO1 mutation responsive to deep brain stimulation. 
Journal of Child Neurology. 2016: 31(2);211-214. FR Danti, S Galosi, M Romani, et al. GNAO1 encephalopathy 
broadening the phenotype and evaluating treatment and outcome. Neurology: Genetics 2017: 3 (2);1-8. H Feng, S 
Khalil, RR Neubig, et al. A mechanistic review on GNAO1-associated movement disorder. Neurobiology of Disease 
2018: 116; 131-141. H Feng, B Sjogren, B Karaj, et al. Movement disorder in GNAO1 encephalopathy associated 
with gain of function mutations. Neurology 2017; 89:762-770. TS Pearson and I Helbig. Epileptic encephalopathy, 
movement disorder, and the yin and yang of GNAO1 function. Neurology 2017; 89:754-755. CM Honey, AK 
Malhotra, M Tarailo-Graovac, et al. GNAO1 Mutation-Induced pediatric dystonic storm rescue with pallidal deep 
brain stimulation. Journal of Child Neurology 2018; 33(6):413-416. LA Menke, M Engelen, M Alders, et al. 
Recurrent GNAO1 mutations associated with developmental delay and a movement disorder. Journal of Child 
Neurology 2016; 31(14):1598-1601 K Nakamura, H Kodera, T Akita, et al. De novo mutations in GNAO1, 
encoding a G alpha O subunit of heterotrimeric G proteins, cause epileptic encephalopathy. The American Journal 
of Human Genetics 2013; 93: 496-505 A Okumura, K Maruyama, M Shibata, et al. A patient with a GNAO1 
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mutation with decreased spontaneous movements, hypotonia, and dystonic features. Brain and Development 2018; 
40: 926-930. H Saitsu, R Fukai, B Ben-Zeev, et al. Phenotypic Spectrum of GNAO1 variants: epileptic 
encephalopathy to involuntary movements with severe developmental delay. European Journal of Human Genetics 
2016; 24:129-134 T Schirinzi, G Garone, L Travaglini, et al. Phenomenology and clinical course of movement 
disorder in GNAO1 variants: Results from an analytical review. Parkinsonism and Related Disorders 2018. I Talvik, 
R Moller, M Vaher, et al. Clinical phenotype of de novo GNAO1 mutation: Case report and review of literature. 
Child Neurology Open. 2015. M Waak, SS Mohammad, D Coman, et al. GNAO1-related movement disorder with 
life-threatening exacerbations: movement phenomenology and response to DBS. Journal of Neurology, 
Neurosurgery, and Psychiatry 2018; 89(2):220-222. S Yilmaz, T Turhan, S Ceylaner. Excellent response to deep 
brain stimulation in a young girl with GNAO1-related progressive choreoathetosis. Child Nervous System 2016; 
32:1567-1568. 

1502 
Pediatric anti-N-methyl-D-aspartate receptor encephalitis associated with Coat's-like retinal telangiectasia 
N. Kumar, D. Radhakrishnana, R. Shree, G. Madhaw, R. Samanta, S. Kumari (Rishikesh, India) 
Objective: We report a case of 5-year-old Indian boy with non-paraneoplastic anti NMDAR encephalitis associated 
with Coat's like retinal telangiectasia. 
Background: Anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis is a treatable neurological autoimmune 
disorder with primarily neurological manifestations. It results from autoantibodies directed against the N-terminal 
domain of the NMDA receptor's NR1 subunit. It was initially reported in the setting of ovarian teratoma in young 
females, it is now commonly reported in adolescents & children of both sexes without any associated neoplasm.(1,2) 
Early recognition and institution of immunotherapy improve outcomes in these patients. 
Methods: This study includes a report of a 5-year old Indian boy who presented with neuropsychiatric 
manifestations and was diagnosed with anti NMDAR encephalitis. He underwent a detailed neurological and 
ophthalmological evaluation. Investigations included tests for autoimmune panel in serum, cerebrospinal fluid 
analysis and magnetic resonance imaging of brain. 
Results: This previously healthy 5-year-old boy presented with subacute onset movement disorder in the form of 
generalized choreodystonic movements along with episodes of generalized tonic-clonic seizures and psychiatric 
symptoms. There was mild grade fever preceding the onset of symptoms. Ophthalmologic evaluation revealed 
Coat's-like retinal telangiectasia in the left eye with normal visual acuity. Cerebrospinal fluid and Magnetic 
resonance imaging of brain were normal. Electroencephalogram showed characteristic delta brush appearance. 
Serum was strongly positive for NMDAR antibodies. Screening for primary malignancy was negative. He received 
pulse methyl prednisolone, intravenous immune globulin and rituximab (375 mg/m2body surface area weekly for 
four weeks) with favorable response to treatment. He achieved neurological stabilization following the second dose 
of rituximab. 
Conclusions: Anti-NMDAR encephalitis can present with heterogeneous phenotypes and hence is often under-
recognized. To the best of our knowledge, this is the first case showing association of Coat's-like retinal 
telangiectasia with anti NMDAR encephalitis. Retinal neuron expresses NMDAR, which might be the target for 
antibodies. Though anterior or posterior visual pathway dysfunction has been reported in anti NMDAR encephalitis 
rarely;(3) retinal structural alteration is not reported so far. 
References: 1. Dalmau J, Lancaster E, Martinez-Hernandez E, Rosenfeld MR, Balice-Gordon R. Clinical 
experience and laboratory investigations in patients with anti-NMDAR encephalitis. Lancet Neurol. 2011;10(1):63-
74. 2. Peery HE, Day GS, Doja A, Xia C, Fritzler MJ. Anti-NMDA Receptor Encephalitis in Children : The 
Disorder , Its Diagnosis , and Treatment. Vol 112. 1st ed. Elsevier B.V.; 2013. 3. Brandt AU, Mikolajczak J, 
Zimmermann H, Prüss H, Paul F. Visual dysfunction , but not retinal thinning , following anti-NMDA receptor 
encephalitis. 2016;0:1-7. 
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1503 
Deep brain stimulation in children: analysis of indication, outcome and complications 
T. Maiti (Cleveland, OH, USA) 
Objective: Deep brain stimulation for pediatric movement disorder has been contemplated much less than adult 
counterpart. We discuss the outcome of DBS int them  children poise unique challenges. The ongoing brain 
development, both structural and physiological, can influence the outcome of DBS. However, DBS can be safe on 
selected cases in pediatric population, providing significant short as well as long-term symptomatic relief in addition 
to an improvement in the quality of life. 
Background: Deep brain stimulation surgery has revolutionized the management of several movement disorders. 
The procedure has been underutilized in pediatric population, and the available literatures are mostly limited to 
smaller case series. The aim of present study is to describe our experience and to analyze the efficacy and safety of 
DBS in pediatric population. 
Methods: We performed a retrospective search of our patient registry (Cleveland clinic, Ohio) of all patients 
undergoing DBS from 2003 to 2016. All patients who were ≤ 21 years of age at the time of cranial implantation of 
DBS were included in this series. 
Results: Sixteen patients underwent deep brain stimulation in this period. Indications were genetic torsional 
dystonia (n=7), secondary dystonia (n=4), myoclonic dystonia (n=2), post-traumatic tremor (n=2), and Tourette’s 
syndrome (n=1). DYT 1 and DYT 11 were present in two cases each. Twelve patients in present series had bilateral 
surgery [b/l GPi at same sitting=8; b/l GPi one month apart=4; and b/l medial thalamic (Cm/ Pf) =1]. Four patients 
of generalized dystonia had >50% improvement in BFMDRS score after 4, 5.5, 6, and 6 years. Two patients needed 
revision, but improvement after first surgery could not be achieved. Four patients with secondary dystonia had stable 
improvement of BFMDRS score>50% after 3, 3, 5, and 12 years. Patients with myoclonic dystonia, and Tourette’s 
syndrome had stable improvement as well. The patients with post-traumatic tremor had experienced an initial 
improvement. However, they deteriorated over time, and stimulation had to be discontinued. 
Conclusions: DBS in children poise unique challenges. The ongoing brain development, both structural and 
physiological, can influence the outcome of DBS. However, DBS can be safe on selected cases in pediatric 
population, providing significant short as well as long-term symptomatic relief in addition to an improvement in the 
quality of life. 

1504 
Movement Disorders Features Associated with West Syndrome  
F.S. Ngoungoure Halima, A.M. Magnerou, C.V. Hotcho Nganhou, M. Ndiaye, A.G. Diop (Dakar, Senegal) 
Objective: To describe the clinical, therapeutic and outcome features of movement disorders (MD) observed in 
children with West Syndrome (WS) at the Neurology Department of the Fann National Teaching Hospital in Dakar. 
Background: Movement disorders in children are common but rarely studied in our country.They are most often 
secondary origin than primary and they are associated with brain lesions (cerebral palsy, stroke, head trauma, 
sequelae of neonatal asphyxia). The particularity of studying pediatric MD in epileptic encephalopathy such as West 
syndrome is to differentiate them from other epileptic seizures that can mimic MD. 
Methods: This was a prospective study conducted from October 2015 to December 2016. All of our WS outpatient 
clinic and followed up regularly for at least 12 months were included. Age at consultation, electroclinical, 
neuroimaging, therapeutic and outcome data were collected. 
Results: A total of 14 children with WS were enrolled and 4 of them were diagnosed with MD. The mean age at 
diagnosis was 11 months (range 6-13) with a sex ratio of 1. The type of MD observed were: chorea (1), athetosis (1), 
axial dystonia (2). No family history of MD was found. Brain computed tomography showed: diffuse cerebral 
atrophy (4), thalamic calcifications (1), multicysts encephalomalacia (2), mega cisterna magna (1). WS was 
symptomatic in all the children and MD were  secondary. Drugs used to control MD were diazepam and/or 
haloperidol. All of the children have received physiotherapy. Overall, the outcome of MD was poor in the 4 
children. 
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Conclusions: Movement disorders were found in these children with WS and their outcome was poor. 
References: Delgado, Mauricio R., and A. Leland Albright. "Movement disorders in children: definitions, 
classifications, and grading systems." Journal of child neurology 18.1_suppl (2003): S1-S8. 

1505 
Opsoclonus-Myoclonus-Ataxia Syndrome – Ljubljana University Children's Hospital clinical series 
J. Orazem Mrak, D. Osredkar, D. Neubauer (Ljubljana, Slovenia) 
Objective: Analysis of number, clinical characteristics and outcome of patients admitted to our department due to 
OMS in the past 25 years. 
Background: Opsoclonus-myoclonus-ataxia syndrome (OMS) in children is a very rare movement disorder, 
believed to be caused by autoimmune mechanisms. According to published reports, almost 50% of children with 
OMS have an underlying neuroblastoma. The Department of Child, Adolescent and Developmental Neurology of 
Ljubljana University Children’s Hospital is the only tertiary department in Slovenia (pediatric population of 
404,430) treating children with OMS. 
Methods: We abstracted the data from paper and electronic medical records of patients seen between 1/1/1992 and 
1/1/2019, fulfilling the diagnostic criteria for OMS. We determined their gender, age at the onset of the disease, 
possible etiology, pharmacotherapy and symptoms remaining at the last follow-up. 
Results: During the analyzed time period, we have treated 7 children for OMS. 5 of them were girls (71%; 
female:male ratio of 2.5:1). Average age at onset of symptoms was 18 months (15-24 months). In 3 children 
symptoms appeared after a viral infection, in 1 after a streptococcal angina, in 1 after a DTPPolio revaccination, 
while in 2 we could not identify any potentially provoking event. In the child, that fell ill after a streptococcal 
angina, neuroblastoma was discovered. All children were treated with at least one form of steroids 
(methylprednisolone, prednisolone, ACTH, dexamethasone) and all of them received different courses of 
intravenous immunoglobulin therapy. In 4 children rituximab was used additionally, one of them was treated with 
plasmapheresis, cyclophosphamide and mycophenolate-mofetil as well. Of the supportive therapies, we often used 
piracetam and coenzymeQ10. On the last follow-up examination 3 children were without any remaining physical 
symptoms of the disease (one after a surgical removal of neuroblastoma), two were also psychologically intact. 2 
children had minimal persisting ataxia. In 2 children there has been virtually no improvement of symptoms and they 
continue to have severe motor and cognitive problems. 
Conclusions: In Slovenia we have seen one case of pediatric OMS every 3.5 years. The prevalence has been higher 
in girls, the average age at the onset of symptoms was also characteristic. Contrary to published reports, only one of 
our patients (14%) was diagnosed with neuroblastoma. 

1506 
Spectrum of Movement disorders in pediatric immune-mediated diseases 
A. Saan, K. Linn, A. MinAye, C. Hlaing, K. Ko, H. WintAung, N. Lin, Y. WintAung (Yangon, Myanmar) 
Objective: To study the spectrum of movement disorders in children with immune-mediated diseases in Yangon 
Children Hospital, Myanmar 
Background: Immune-mediated diseases represent expanding conditions of pediatric movement disorders and can 
be modified by treatment in time. 
Methods: We prospectively studied immune-mediated diseases admitted to our hospital from January 2018 to 
December 2018. Total 39 patients (26 males and 13 females) with age ranging from 1-12 years were enrolled. They 
were categorized into 3 age groups: 7 patients were 1-5 years, 17 patients were 5-10 years, and 15 patients were >10 
years. Demographic and clinical characteristics with focus on the movement disorders were recorded. 
Neuroimaging, cerebrospinal fluid analysis (CSF), blood tests and tumor screening were done. Patients were treated 
with symptomatic and/or therapeutic treatment and were followed up. 
Results: Out of 39 cases, Sydenham chorea (46.1%) is commonest cause and followed by immune encephalitis 
(40.9%), Opsoclonus myoclonus syndrome (OMS) (7.7%) and pediatric autoimmune neuropsychiatric disorders 
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associated with streptococcal infections (PANDAS) and Antiphopholipid syndrome (APS) for 2.5% each. 
Hyperkinetic movement disorders were observed in nearly all patients which were shown in [Table 1]. Pure 
hypokinetic disorder was seen in one patient of PANDAS. 46.1% of patients presented with at least 2 types of 
disorders including OFLD, dystonia, stereotypes, myoclonus and choreoathetosis. OFLD were common in age 1-10 
years of immune encephalitis, choreoathetosis were common in age 5-12 years of Sydenham chorea. Stereotypes 
were seen on age between 5-10 years of immune encephalitis. Majority (74.4%) were received both symptomatic 
and therapeutic treatment. 53.8% were received steroid and/or immunoglobulin therapy and 10.2% were add-on 
immunosuppressant therapy. 94.9% has good response and significant decrease in movement disorders. Two 
patients with mixed movement disorders of immune encephalitis and APS were died. 
Conclusions: Pediatric immune-mediated diseases are mainly present with mixed movement disorders, 
predominantly hyperkinetic with chorea, stereotypies and OFLD. OFLD and stereotypies are prevalent in immune 
encephalitis. High index of suspicion in patients presenting with movement disorders will be important in early 
diagnosis and treatment of immune-mediated diseases and minimise relapse. 
References: [1] Korn-Lubetzki I, Brand A, Steiner I. Recurrence of Sydenham chorea: implications for 
pathogenesis. Arch Neurol 2004;61:1261–1264. [2] Mohammad SS, Dale RC. Principles and approaches to the 
treatment of immune-mediated movement disorders. Eur J Paediatr Neurol. 2018 Mar;22(2):292-300. [3] Swedo, 
S.E., Leckman, J.F., and Rose, N.R. From research subgroup to clinical syndrome: modifying the PANDAS criteria 
to describe PANS (Pediatric Acute-onset Neuropsychiatric Syndrome). Pediatr Therapeut. 2012; 2012 [4] Dean, 
S.L. and Singer, H.S. Treatment of Sydenham's chorea: a review of the current evidence. Tremor Other Hyperkinet 
Mov (N Y). 2017; 7: 456. [5] Dale, R.C., Gorman, M.P., and Lim, M. Autoimmune encephalitis in children: clinical 
phenomenology, therapeutics, and emerging challenges. Curr Opin Neurol. 2017; 30: 334–344. 

 

1507 
The Clinical, Molecular and Radiographic Spectrum of Adaptor Protein Complex 4-associated Hereditary 
Spastic Paraplegia (AP-4-HSP): Results from the AP-4-HSP International Registry 
J. Teinert, R. Behne, M. Wimmer, A. Diplock, E. Carmody, K. Dies, D. Jensen, J. Bennett, M. Sahin, D. Ebrahimi-
Fakhari (Boston, MA, USA) 
Objective: 1) To develop a registry and natural history study for AP-4-HSP; 2) to define core clinical and 
radiographic features; 3) to explore genotype-phenotype correlations. 
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Background: Bi-allelic, loss-of-function variants in genes that encode subunits of the adaptor protein complex 4 
(AP-4) lead to four prototypical yet poorly understood forms of childhood-onset and complex hereditary spastic 
paraplegia (AP-4-HSP): SPG47 (AP4B1), SPG50 (AP4M1), SPG51 (AP4E1) and SPG52 (AP4S1) [1]. 
Methods: A cross-sectional analysis of clinical, imaging and genetic data of individuals enrolled in the AP-4-HSP 
International Registry. Data were obtained using a standardized questionnaire and rating scales including the Spastic 
Paraplegia Rating Scale [2], Modified Ashworth Scale [3], Four Stage Functional Mobility Score [4] and the 
CPCHILD [5]. 
Results: We report a detailed clinical, radiographic and molecular characterization of 115 patients of 74 families 
enrolled in the AP-4-HSP International Registry. Age at diagnosis was 9.9 ± 7.1 years (SD, range 0.1- 46 years) and 
~70% were born to consanguineous parents. We define a core set of symptoms: Early-onset developmental delay 
with delayed motor milestones and significant speech delay (54% non-verbal); intellectual disability in the moderate 
to severe range; mild hypotonia in infancy followed by spastic diplegia and later tetraplegia; microcephaly (postnatal 
in most cases); foot deformities; febrile seizures and epilepsy that is refractory in a subset. Dystonia and ataxia 
develop in a subset of patients with advanced disease. At last follow up 28% of patients ambulated with assistance, 
69% were wheelchair-dependent. Key neuroimaging features include a thin corpus callosum (91%), 
ventriculomegaly (71%), and periventricular white-matter signal abnormalities (66%). Iron deposition and 
polymicrogyria are found in a small subset of patients. AP4B1-associated SPG47 and AP4M1-associated SPG50 
account for the majority of cases. Over 65 unique variants were present, the majority of which are frameshift or non-
sense mutations. 
Conclusions: Through a cross-sectional analysis we define the core clinical, molecular and radiographic features of 
AP-4-HSP. We delineate disease progression across the age spectrum and explore genotype-phenotype correlations. 
These data will define endpoints for future clinical trials. 
References: 1. Ebrahimi-Fakhari, D., et al., AP-4-Associated Hereditary Spastic Paraplegia, in GeneReviews((R)), 
M.P. Adam, et al., Editors. 2018: Seattle (WA). 2. Schule, R., et al., The Spastic Paraplegia Rating Scale (SPRS): a 
reliable and valid measure of disease severity. Neurology, 2006. 67(3): p. 430-4. 3. Bohannon, R.W. and M.B. 
Smith, Interrater reliability of a modified Ashworth scale of muscle spasticity. Phys Ther, 1987. 67(2): p. 206-7. 4. 
Erichsen, A.K., et al., Prevalence of hereditary ataxia and spastic paraplegia in southeast Norway: a population-
based study. Brain, 2009. 132(Pt 6): p. 1577-88. 5. Narayanan, U.G., et al., Initial development and validation of the 
Caregiver Priorities and Child Health Index of Life with Disabilities (CPCHILD). Dev Med Child Neurol, 2006. 
48(10): p. 804-12. 

1508 
Levodopa-responsive tremor in a young child as a delayed complication of osmotic demyelination from severe 
hypernatremia 
L. Tochen, M. Cameron, C. Brady, M. Fleming (Washington, DC, USA) 
Objective: To describe a case of levodopa responsive tremor due to osmotic demyelination as a result of severe 
hypernatremia 
Background: Osmotic demyelination is a known complication of rapid correction of hyponatremia, but has also 
been reported with severe hypernatremia.  Rapid osmotic shifts can result in injury to astrocytes and oligodendroglia 
leading to a demyelination syndrome.  The most common location for osmotic demyelination to occur is the central 
pons (central pontine myelinolysis, CPM) but other brain regions (extrapontine myelinolysis, EPM) such as 
cerebellum, external capsule, striatum, thalamus, or hippocampus may also be involved [1].  Extrapyramidal 
movement disorders have been reported with EPM involving the striatum including levodopa responsive 
parkinsonism in an adult with EPM [2].  However, EPM is a rare phenomenon in children and to our knowledge this 
is the first report of levodopa responsive symptoms in a child with an osmotic demyelination syndrome. 
Methods: Case report 
Results: The subject presented at the age of 16 months with encephalopathy and dehydration in the setting of an 
acute viral illness compounded with chronic malnutrition.  Labs on admission were notable for sodium of 198, 
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potassium 2.5, chloride 153, osmolality 415.  MRI showed T2 hyperintensity of the central pons, thalami, cerebellar 
peduncles, external capsule, and corpus callosum.  Encephalopathy improved, electrolytes were slowly corrected, 
and the patient was discharged after 19 days.  Exam at that time was notable for axial hypotonia with mildly brisk 
reflexes in the lower extremities.  She was subsequently lost to follow up for a period of time, but was readmitted for 
malnutrition at the age of 29 months.  Action tremor was noted with reaching for objects and was exacerbated when 
upset.  Levodopa treatment was initiated at 5 mg/kg/day with subsequent improvement in the tremulous 
movements.  At follow up 3 months later, no rigidity, bradykinesia, or tremors were present on exam but remains 
non-ambulatory with two-hand support required for standing. 
Conclusions: Extrapontine myelinolysis is a rare complication of osmotic shifts.  Extrapyramidal symptoms have 
been reported with extrapontine myelinolysis.  This is the first case of a levodopa responsive tremor in a child with 
extrapontine myelinolysis from severe hypernatremia. 
References: [1] Martin RJ. J Neurol Neurosurg Psychiatry 2004;75(Suppl III):iii22–iii28. [2] Toft M & Dietrichs E. 
Movement Disorders 2011;26:2180-1. 

1509 
Novel compound heterozygous mutations in the TSFM gene causes childhood-onset chorea 
C. van Riesen, K. von Au, S. Biskup, A. Kühn, A. Kaindl, A. van Riesen (Berlin, Germany) 
Objective: To report the case of a young boy suffering from a severe hyperkinetic movement disorder caused by 
mutations in the recently described TSFM gene. 
Background: Very few genes have been identified to cause childhood-onset choreatic movement disorders so far: 
ADCY5, PDE10a, PDE2a, NKX2.1 and the GNAO1 gene. 
Methods: We report on the first patient with a complex childhood-onset choreatic movement disorder without 
structural brain abnormalities caused by compound heterozygous mutations in the TSFM gene. 
Results: The patient is the third child of non-consanguineous healthy parents of Crimean descent, was born at term 
after uneventful gestation and delivery. He showed generalized muscular hypotonia, feeding problems and a global 
developmental delay. From the age of 2.5 years a progressive generalized hyperkinetic movement disorder 
developed. Laboratory findings were inconclusive except for elevations of serum lactate (60.7 mg/dl) and pyruvate 
levels (2.5 mg/dl). MRIs of the brain at the age of five and thirteen years were normal except for signs of 
progressive bilateral optic atrophy. The additional diagnostic workup showed no signs of a neuropathy, a 
cardiomyopathy or a sensorineuronal hearing loss. 
Whole exome sequence analysis demonstrated compound heterozygous mutations in the TSFM gene encoding the 
mitochondrial translation elongation factor Ts, which was confirmed through Sanger sequencing. While the 
maternally inherited nonsense mutation (c.919C>T) was published before in 3 patients, the paternal missense 
mutation (c.161G>A) has not been described before. Pathogenicity of the latter mutation is predicted by various in 
silico analysis. 
Conclusions: Disorders caused by mutations in the TSFM gene have only rarely been described so far with a wide 
phenotypic spectrum. The most common symptoms were cardiomyopathy and slowly progressive optic atrophy. A 
movement disorder was found in three of the published twelve patients, however hyperkinesia did not start until late 
puberty or early adulthood. Notably, the dominating symptom in our patient was a severe chorea since early 
childhood. In contrast to the other two individuals our patient showed no lesions in the basal ganglia and cerebellum 
in repeated MRI examinations. 
References: 1. Mencacci NE, Carecchio M. Recent advances in genetics of chorea. Curr Opin Neurol 
2016;29(4):486-495. 2. Smeitink JA, Elpeleg O, Antonicka H, et al. Distinct clinical phenotypes associated with a 
mutation in the mitochondrial translation elongation factor EFTs. Am J Hum Genet 2006;79(5):869-877. 3. Ahola S, 
Isohanni P, Euro L, et al. Mitochondrial EFTs defects in juvenile-onset Leigh disease, ataxia, neuropathy, and optic 
atrophy. Neurology 2014;83(8):743-751. 4. Traschutz A, Hayer SN, Bender B, Schols L, Biskup S, Synofzik M. 
TSFM mutations cause a complex hyperkinetic movement disorder with strong relief by cannabinoids. Parkinsonism 
Relat Disord 2018. 5. Calvo SE, Compton AG, Hershman SG, et al. Molecular diagnosis of infantile mitochondrial 
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disease with targeted next-generation sequencing. Sci Transl Med 2012;4(118):118ra110. 6. Emperador S, Bayona-
Bafaluy MP, Fernandez-Marmiesse A, et al. Molecular-genetic characterization and rescue of a TSFM mutation 
causing childhood-onset ataxia and nonobstructive cardiomyopathy. Eur J Hum Genet 2016;25(1):153-156. 7. 
Vedrenne V, Galmiche L, Chretien D, de Lonlay P, Munnich A, Rotig A. Mutation in the mitochondrial translation 
elongation factor EFTs results in severe infantile liver failure. J Hepatol 2012;56(1):294-297. 

1510 
Impairment of Neurological Ontogenesis in Children with Austism Spectrum Disorders 
T. Voloshyn, V. Kozyavkin (Truskavets, Ukraine) 
Objective: To assess level of involvement of neurological impairment in children with Autism Spectrum Disorders 
(ASD). 
Background: Autism Spectrum Disorders are not singly related to a psychiatric field. Often changes of motor 
development and neurological condition occur that worsen socialization of these patients and their quality of life. 
Frequently patients do not communicate with peers because they cannot fulfil tasks that typically developing 
children are capable of. 
Methods: 179 patients with ASD (F84.0) were examined using Autism Comorbidity Interview, parent’s 
questionnaires, neurological examination, dynamometry, Box and Blocks test, and the 9-hole peg test. Patients aged 
5 to 14, mean age - 7.2 years. 
Results: Only 28.9% of children with ASD had no comorbid neurological pathology. 34.8% had uni/bilateral 
pyramidal tract insufficiency, 21.9% had perinatal lesion of the Central Nervous System (F82), 9.9% had Cerebral 
Palsy (G80), and 9.9% had epilepsy (G40). 25.7% of patients had an increase of muscle tone in distal parts of 
lower/upperlimbs, 18.8% had a decreased range of passive motions in the joints of the lower limbs. Fine hand 
function was impaired in 45.9% of patients, both manipulative and grasping abilities were worse in comparison to 
average scores. 
Conclusions: Changes in neurological state in patients with ASD are common. There is an acute necessity to 
identify and code them accordingly. This will benefit complex treatment approach for these patients. Indicates the 
necessity for the rehabilitation of ASD patients it to be multidirectional. 
References: Part of the data was presented at 15th International Child Neurology Congress, Mumbai (ICNC2018) 
and 5th International Conference on Disability and Rehabilitation, Riyadh, KSA (ICDR2018). 

1511 
Etiology and Clinical Study of Basal Ganglionic Lesions in a Sample of Egyptian Children 
H. Zehry, S. Darwish, H. Gad, S. El zayat, M. Tharwat, H. Emam (dakahlyia, Egypt) 
Objective: to determine the etiology of basal ganglionic disorders in a sample of Egyptian children 
Background: In childhood, the metabolic activity of the basal ganglia is greater and they are particularly prone to 
injury. The lesions may be unilateral: in Rassmussen encephalitis, diabetes with hemichorea/hemiballism and 
infarction or – more frequently – bilateral in many pathologic conditions like Carbon monoxide poisoning, 
hypoglycemia, and Wilson disease. Damage to the basal ganglia cells may cause problems controlling speech, 
movement, consciousness, muscle tone and cognition. 
Methods: This study was conducted on 23 patients attended the Pediatric Neurology of Al-Azhar University 
Hospitals during a period of one year from the beginning of November 2014 to the end of November 2015. A 
specialized pediatric neurological sheet, Cognitive assessment in children using Stanford-Binet Intelligence Scale 
and Laboratory investigations were performed. 
Results: acute ischemic stroke was the most frequent cause, which was found in 8 (34.8%) cases, followed by 7 
(30.4%) had metabolic causes, 6 (26.1%) had infectious causes, and lastly 2 (8.7%) had toxic causes. 
Conclusions: acute ischemic stroke was the most frequent cause of basal ganglionic lesion in a sample of Egyptian 
children. 
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References: - Bekiesinska-Figatowska M, Mierzewska H, Jurkiewicz E. 2013. Basal ganglia lesions in children and 
adults. Eur J Radiol. 82(5):837-49. - Zuccoli G, Yannes M, Nardone R, Bailey A, Goldstein A. 2015. Bilateral 
symmetrical basal ganglia and thalamic lesions in children: an update (2015). Neuroradiol. 57(10):973-8 
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Environmental Causes 

1512 
Subchronic copper exposure induces parkinsonism in rats: Neuromodulatory potential of curcumin 
A. ABBAOUI, H. GAMRANI (Marrakech, Morocco) 
Objective: We aim herein to assess the effect of subchronic Cu-intoxication (0.125%) for 6 weeks on the 
dopaminergic, serotonergic and astroglial systems together with behavioral injuries. Then, test the beneficial 
efficacy of curcumin (30 mg/kg B.W.). 
Background: Findings support the implication of metal elements, as an environmental risk factor especially copper 
(Cu), in the neuropathology of Parkinson’s disease (PD) which is a chronic neurodegenerative disorder that 
principally affects the motor system. The classic and evident symptoms of PD namely rigidity, tardiness of 
movement, and difficulty with walking, result from progressive dopaminergic neurons death within substantia nigra. 
While, few pharmacological trials have shown a beneficial effect against Cu neurotoxicity, curcumin is one of the 
powerful phenolic compound with numerous therapeutic effects. 
Methods: Adult male rats were exposed to 0.125 % of Cu in drinking water for six weeks, together with treatment 
by oral gavage of curcumin (30 mg/kg B.W.). Locomotor performance was evaluated using the open field and 
anxiety state was assessed by elevated plus maze, then, rats were scarified for an immunohistochemical analysis of 
Tyrosine hydroxylase (TH), serotonin (5-HT), and GFAP. 
Results: In Cu-exposed rats, we noted a significant increased innervation of 5HT in dorsal raphe nucleus (DRN) and 
Basolateral Amygdala (BLA) outputs; decreased innervation of TH within Substantia nigra (SNc), Ventral 
Tegmental Area (VTA), and in striatum dorsal. This was correlated with decreased astroglial plasticity in motor 
cortex, striatum, DRN, SNc and VTA. Such effects were associated with reduced locomotor performance and 
anxiogenic-like effects; curcumin co-treatment prevented Cu-induced behavioral impairments as well as restored 5-
HT, TH and astroglial alterations. 
Conclusions: Our results proved that subchronic Cu-exposure induced neurobehavioral features of Parkinsonism 
and damaged neuroplasticity, this, was alleviated using curcumin treatment. Consequently, curcumin may be 
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valuable in the treatment of metals-induced neurobehavioral deficits. The impairment of monoamine 
neurotransmitters may be one of the major mechanism implicated. 

1513 
The Role of Environmental Toxins (Rotenone) in Parkinson's Disease 
Z. Akbarkhodjaeva, D.j. Tursunov (Tashkent, Uzbekistan) 
Objective: Learn the role of environmental toxins - rotenone in development of Parkinson's disease 
Background: Rotenone is a powerful pesticide. It is also a lipophilic compound that easily penetrates the blood-
brain barrier. Chronic exposure to low doses of rotenone leads to uniform inhibition throughout the rat's brain. 
Despite the diffuse effect, rotenone causes selective degeneration of the nigrostriatal dopaminergic pathway, 
selective oxidative damage to the striatum, and the formation of ubiquitin and α-synuclein-positive inclusions in 
nigral cells that are similar to Lewy bodies in Parkinson's disease.Rotenone is a powerful pesticide. It is also a 
lipophilic compound that easily penetrates the blood-brain barrier. Chronic exposure to low doses of rotenone leads 
to uniform inhibition throughout the rat's brain. Despite the diffuse effect, rotenone causes selective degeneration of 
the nigrostriatal dopaminergic pathway, selective oxidative damage to the striatum, and the formation of ubiquitin α-
synuclein-positive inclusions in nigral cells that are similar to Lewy bodies in Parkinson's disease. 
Methods: To obtain a rotenone-induced model of Parkinson's disease, the pesticide was administered to rats daily 
for 4 weeks. The work was performed on male Wistar rats weighing 250-300g. Rotenone was administered 
subcutaneously at a dose of 2.5 mg / kg. 
Results: When modeling was observed increased mortality of animals. At the same time, animals showed all the 
above-described manifestations of Parkinson syndrome. A significant decrease in motor activity occurred within 1 
week after the start of the administration of rotenone. 
Conclusions: The advantages of the rotenone-induced model include the formation of neuronal inclusions and the 
oxidative stress observed. The main disadvantage of this model is its variability, i.e. lack of behavioral disorders in 
some animals. In addition, prolonged chronic administration of rotenone leads to a large percentage of experimental 
rat mortality. 

1514 
Heavy metals implicated in a geographical cluster of progressive supranuclear palsy induce tau accumulation 
and apoptotic cell death in cultured neurons 
C. Alquezar, J. Felix, E. McCandlish, B. Buckley, D. Caparros-Lefebvre, C. Karch, L. Golbe, A. Kao (San 
Francisco, CA, USA) 
Objective: To test the hypothesis that certain metals may cause cellular damage suggesting tauopathy. This is an 
early step in testing the hypothesis that environmental metals contribute to the etiology of progressive supranuclear 
palsy (PSP). 
Background: Case-control surveys of PSP implicate lesser education and well water use as risk factors, but the only 
proven PSP cluster centers on Wattrelos, in northern France, with 100 unrelated affecteds and an observed/expected 
incidence of 12.3. Metals processing and dumping of ore waste, especially chromate, in residential areas occurred 
there over much of the 20th Century. 
Methods: We used neuronal cell models to investigate the neurotoxic effects of three heavy metals (chromium, 
nickel and cadmium), which we found to be especially enriched in home-grown thyme in the area of the French 
cluster. We evaluated thyme because it is intensively used in French cooking and because it is known to avidly take 
up multiple metals from soil. 
Results: We found that induced pluripotent stem cells (iPSC)-derived iNeurons from a MAPT mutation carrier were 
more sensitive to Cr and Ni exposure compared to an isogenic control line, suggesting that genetic variations may 
predispose to neurodegeneration induced by Cr and Ni. Furthermore, using a neuroblastoma cell line, we showed 
that both Cr and Ni induced cell death by an apoptotic mechanism. Interestingly, Cr and Ni treatments increased 
total tau levels in both iNeurons and SH-SY5Y cells, correlating Cr and Ni exposure with tau pathology. 
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Conclusions: Chronic exposure to some heavy metals could contribute to the pathophysiology and etiology of PSP. 
References: Caparros-Lefebvre D, Golbe LI, Deramecourt V, et al (2015) A geographical cluster of progressive 
supranuclear palsy in northern France. Neurology 85(15):1293-300. Golbe LI, Rubin RS, Cody RP, et al (1996) 
Follow-up study of risk factors in progressive supranuclear palsy. Neurology 47:148–54. Litvan I, Lees PSJ, 
Cunningham CR, et al (2016) Environmental and occupational risk factors for progressive supranuclear palsy: Case-
control study. Mov Disord 31:644–52. Vidal JS, Vidailhet M, Derkinderen P, et al (2009) Risk factors for 
progressive supranuclear palsy: a case-control study in France. J Neurol Neurosurg Psychiatry 80:1271–1274. 

1515 
Exposed-Only Analysis of Gene-Pesticide Interaction in Parkinson's Disease (PD) 
S. Goldman, J. Kaye, L. Lima, C. Tanner, S. Finkbeiner, R. Swanson (San Francisco, CA, USA) 
Objective: Assess gene-pesticide associations with PD using an exposed-only design in a highly exposed cohort. 
Background: Pesticide use is associated with an increased risk of PD. Genetic modification of this risk is difficult 
to assess and has been inconsistently reported. Exposed-only study designs may increase resolution to detect genetic 
interactions.[1] 
Methods: We recruited people with PD (PwPD) and matched controls from the Agricultural Health Study, a cohort 
of pesticide applicators and their spouses. PD was determined by expert exam, and pesticide usage by interview. 
DNA was obtained from peripheral blood. Genotyping used the Affymetrix UK Biobank Array, with filtering of 
SNPs with call rates <95%, HWE p<10-6, and allele frequencies <1%. For the current analysis, we pre-specified 
123 metabolic and antioxidant genes of interest, and conducted analyses within 5 subcohorts with exposures to 
specific pesticides: rotenone, Paraquat, permethrin, cyclodienes, and 2,4-D. We calculated risk for each of 3309 
SNPs individually. We also used EPACTS toolbox (https://genome.sph.umich.edu/wiki/EPACTS) to implement 
SKAT-O gene-wise group burden tests to integrate the total SNP variability across each gene[2] adjusting for age, 
sex, smoking and state (NC or IA). 
Results: DNA was available for 100 PwPD and 371 controls, including rotenone (19 PwPD, 31 control), Paraquat 
(22 PwPD, 52 control), permethrin (16 PwPD, 43 control), cyclodiene (30 PwPD, 109 control), and 2,4-D (72 
PwPD, 254 control) exposed subcohorts. After adjustment for multiple comparisons, several individual SNPs were 
significantly associated with PD in the exposed subcohorts [table1]. Gene-burden tests were not significantly 
associated after false discovery rate adjustment, but several genes involved in pesticide metabolism and xenobiotic 
membrane transporters tended toward significance [table2]. 
Conclusions: Despite small sample sizes, we were able to find significant interactions with individual SNPs in 
pesticide metabolic and transporter genes using an exposed-only design. Gene-burden tests implicate a range of 
additional pesticide-related genes, among them ABCB1, which encodes the xenobiotic transporter p-glycoprotein 
and for which rotenone is a likely substrate.[3] Ongoing whole genome sequencing in this population will allow us 
to integrate substantial additional rare variant data to improve resolution using this novel approach to identifying 
gene-environment interaction. 
References: [1] Zhao, L.P., et al., Deciphering Genome Environment Wide Interactions Using Exposed Subjects 
Only. Genet Epidemiol, 2015. 39(5): p. 334-46. [2] Lee, S., M.C. Wu, and X. Lin, Optimal tests for rare variant 
effects in sequencing association studies. Biostatistics, 2012. 13(4): p. 762-75. [3] Lacher, S.E., et al., P-
Glycoprotein Transport of Neurotoxic Pesticides. J Pharmacol Exp Ther, 2015. 355(1): p. 99-107. 
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1516 
Frequency of PD Non-Motor symptoms in healthy factory workers 
C. Guerra-Galicia, C. Tenorio (San Luis Potosí, Mexico) 
Objective: To measure the prevalence of Parkinson's disease non-motor symptoms (PD NMS Quest, spanish 
version) among three different types of factory workers: tire factory, chemical products factory and food factory 
(control subjects). 
Background: Non motor symptoms can be present at any PD stage, but some of them have been identified as 
potential clinical biomarkers for preclinical diagnosis many years before the motor phase of PD such as RBD, 
hyposmia, constipation, depression and apathy. Common risk factors linked to PD are tobacco, caffeine, physical 
activity, pesticides, consumption of dairy products and calcium channel blockers. We aim to study population at risk 
of work-related toxical exposure as an intempt to identify high-risk population for PD 
Methods: An observational cross-sectional study was carried out with Factory workers of three different industrial 
settings (tire, chemical and food manufacturing) in San Luis Potosí, from 25 to 50 years old. A simplified non motor 
symptoms questionnaire was applied also with demographic data including known risk factors for PD. Prevalence of 
premotor symptoms were stablished at this point. 
Results: A total of 316 subjects were included: 102 tire factory workers, 97 chemical factory and 117 food 
manufacturing company. 67% male, mean age 36 years old. The prevalence of NMS where 54% for tire factory 
workers, 59% for chemical factory workers and 32% for food manufacturing company. The most common NMS 
was loss of taste or smell (67%, 82% and 13%), constipation (43%, 47% and 36%), loss of interest or memory 
problems (36%, 38% and 12%) and attention difficulties (34%, 37% and 11%). 
Conclusions: This small study explores the prevalence of PD-NMS in healthy workers exposed to toxic 
environments, for instance, the transformation industry. Taking into account that environmental factors have been 
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linked to higher risk for PD, our study demonstrates a higher NMS prevalence among tire and chemical factories 
than the general population. 

1517 
Association between coffee and chimarrão (yerba mate) ingestion and risk of Parkinson's disease 
M.S. Medeiros, A.F. Schumacher-Schuh, V. Altmann, C. Rieder (Porto Alegre, Brazil) 
Objective: To assess whether the ingestion loads (quantity x time) of coffee, and specially yerba mate in southern 
Brazil, reduce the risk of PD. 
Background: Environmental factors have been associated with the onset of Parkisnon's disease (PD) conferring risk 
or protection. Coffee has been inversely associated to PD in many researches. Yerba mate (ilex paraguariensis), a 
caffeinated drink consumed in South America, is inversely associated to PD in Argentina. 
Methods: This cross-sectional case-control study included 177 patients with PD and 162 elderly controls to evaluate 
ingestion of coffee and yerba mate and the risk of PD. Sociodemographic information of ingestion was collected 
from both groups. All PD patients and controls answered a questionnaire that asked about frequency of consumption 
of one cup (coffee) and the number of specific cups used for yerba mate (cuias). 
Results: Coffee never drinkers had a significant risk for PD (OR: 3.09, 95% CI:1.64-6.11, P< 0.001)and heavy 
drinkers with 2-5 cups/day had significant protection (OR: 0.22, 95% CI: 0.13-0.36, P< 0.001). It was found 
significant inverse relation to PD for coffee consumption in terciles (OR: 0.21, 95% CI: 0.11-0.36, P< 0.001and OR: 
0.17, 95% CI: 0.1-0.31, P< 0.001)for the second and third terciles. Yerba mate reached statistical significance in 
quartile 75 conferring protection for PD (OR: 0.52, 95% CI:0.31-0.85, P= 0.009). Coffee and yerba mate presented 
no interaction. 
Conclusions: Coffee and yerba mate, in higher quantities, conferred protection against PD. They act through the 
effects of caffeine, however, lower concentration of caffeine in yerba mate and numerous substances with 
antioxidative effect in the herb may be important to PD protection. 
References: 1. Abbott RD, Webster Ross G, White LR, Sanderson WT, Burchfiel CM, Kashon M, et al. 
Environmental, life-style, and physical precursors of clinical Parkinson?s disease: recent findings from the 
Honolulu-Asia Aging Study. J Neurol [Internet]. 2003;250(0):1–1. Available from: 
http://link.springer.com/10.1007/s00415-003-1306-7 2. Hu G, Bidel S, Jousilahti P, Antikainen R, Tuomilehto J. 
Coffee and tea consumption and the risk of Parkinson’s disease. Mov Disord. 2007;22(15):2242–8. 3. Sääksjärvi K, 
Knekt P, Rissanen H, Laaksonen MA, Reunanen A, Männistö S. Prospective study of coffee consumption and risk 
of Parkinson’s disease. Eur J Clin Nutr. 2008;62(7):908–15. 4. Hernán MA, Takkouche B, Caamaño-Isorna F, 
Gestal-Otero JJ. A meta-analysis of coffee drinking, cigarette smoking, and the risk of Parkinson’s disease. Ann 
Neurol. 2002;52(3):276–84. 5. Costa J, Lunet N, Santos C, Santos J, Vaz-Carneiro A. Caffeine exposure and the risk 
of Parkinson’s disease: A systematic review and meta-analysis of observational studiess. J Alzheimer’s Dis. 
2010;20(SUPPL.1). 6. Palacios N, Gao X, McCullough ML, Schwarzschild MA, Shah R, Gapstur S, et al. Caffeine 
and risk of Parkinson’s disease in a large cohort of men and women. Mov Disord. 2012;27(10):1276–82. 7. Tanaka 
K, Miyake Y, Fukushima W, Sasaki S, Kiyohara C, Tsuboi Y, et al. Intake of Japanese and Chinese teas reduces risk 
of Parkinson’s disease. Park Relat Disord. 2011;17(6):446–50. 8. Soliman AM, Fathalla AM, Moustafa AA. Dose-
dependent neuroprotective effect of caffeine on a rotenone-induced rat model of parkinsonism: A histological study. 
Neurosci Lett [Internet]. 2016;623:63–70. Available from: http://dx.doi.org/10.1016/j.neulet.2016.04.057 9. Gigante 
AF, Asabella AN, Iliceto G, Martino T, Defazio G, Rubini G. Chronic coffee consumption and striatal DAT-SPECT 
findings in Parkinson ’ s disease. 2018; 10. Kandinov B, Giladi N, Korczyn AD. The effect of cigarette smoking, 
tea, and coffee consumption on the progression of Parkinson’s disease. Park Relat Disord. 2007;13(4):243–5. 11. 
Tan LC, Koh W, Yuan J, Wang R, Au W, June H, et al. NIH Public Access. 2009;167(5):553–60. 12. Fakhri M, 
Oghabian MA, Vedaei F, Zandieh A, Masoom N, Sharifi G, et al. izi o ni In te rn a zio na li izi o Ed ni In te rn a na. 
2013;28(1):55–61. 13. Gatto EM, Melcon C, Parisi VL, Bartoloni L, Gonzalez CD. Inverse association between 
yerba mate consumption and idiopathic Parkinson’s disease. A case-control study. J Neurol Sci. 2015;356(1–
2):163–7. 14. Prasad D. et al. Tissue Conditioners : a Review. 2014;4(2):152–7. 15. Simon DK, Wu C, Tilley BC, 
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Lohmann K, Klein C, Payami H, et al. Caffeine, creatine, GRIN2A and Parkinson’s disease progression. J Neurol 
Sci. 2017;375:355–9. 16. Yadav S, Prakash S. Role of Secondary Mediators in Caffeine-Mediated Neuroprotection 
in Maneb- and Paraquat-Induced Parkinson ’ s Disease Phenotype in the Mouse. 2012;875–84. 17. Hughes A. UK 
Parkinson’s Disease Society Brain Bank Clinical Diagnostic Criteria. J Neurol Neurosurg Psychiatry. 1992;55:181–
4. 18. Colpo G, Trevisol F, Teixeira AM, Fachinetto R, Pereira RP, Athayde ML, et al. Ilex paraguariensis has 
antioxidant potential and attenuates haloperidol-induced orofacial dyskinesia and memory dysfunction in rats. 
Neurotox Res. 2007 Oct;12(3):171–80. 19. Bixby M, Spieler L, Menini T, Gugliucci A. Ilex paraguariensis extracts 
are potent inhibitors of nitrosative stress: A comparative study with green tea and wines using a protein nitration 
model and mammalian cell cytotoxicity. Life Sci. 2005;77(3):345–58. 20. Branco CDS, Scola G, Rodrigues AD, 
Cesio V, Laprovitera M, Heinzen H, et al. Anticonvulsant, neuroprotective and behavioral effects of organic and 
conventional yerba mate (Ilex paraguariensis St. Hil.) on pentylenetetrazol-induced seizures in Wistar rats. Brain 
Res Bull. 2013 Mar;92:60–8. 21. Colpo AC, Rosa H, Lima ME, Pazzini CEF, de Camargo VB, Bassante FEM, et al. 
Yerba mate (Ilex paraguariensis St. Hill.)-based beverages: How successive extraction influences the extract 
composition and its capacity to chelate iron and scavenge free radicals. Food Chem. 2016 Oct;209:185–95. 22. 
Colpo AC, de Lima ME, Maya-López M, Rosa H, Márquez-Curiel C, Galván-Arzate S, et al. Compounds from Ilex 
paraguariensis extracts have antioxidant effects in the brains of rats subjected to chronic immobilization stress. Appl 
Physiol Nutr Metab [Internet]. 2017;42(11):1172–8. Available from: 
http://www.nrcresearchpress.com/doi/10.1139/apnm-2017-0267 23. Lima ME De, Colpo AZC, Maya-lópez M, 
Rangel-lópez E, Folmer V, Santamaría A. Comparing the Effects of Chlorogenic Acid and Ilex paraguariensis 
Extracts on Different Markers of Brain Alterations in Rats Subjected to Chronic Restraint Stress. 2019;373–86. 24. 
Medeiros MS, Schumacher-Schuh A, Cardoso AM, Bochi GV, Baldissarelli J, Kegler A, et al. Iron and oxidative 
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1518 
Environmental toxicants and Parkinson’s disease in south of Morocco 
Y. Naji, N. Kissani (marrakech, Morocco) 
Objective: Focus on epidemiologic data for environmental agents as potential risk factors throw our experience in 
third level hospital of Marrakesh Morocco. 
Background: This multidisciplinary study brings clinicians, biologists and biochemists together in order to clearly 
demonstrate the existence of an association between Parkinson disease and environmental exposures in southern 
Morocco. The authors highlight the frequency and severity of toxic exposures to heavy metals, particularly 
manganese. 
Methods: Our prospective study covered the period between February 2005 and October 2009 , include population 
with variable activities (miners, workers and residents ) of 2 rural community (Kettara and Imini) located in south of 
Morocco, as well as patients followed for PD at the Neurology Department of the University Hospital Mohammed 
VI, Morocco. An epidemiological, clinical and toxicological studies of the blood, was performed on 120 subjects 
divided into four groups (G1: 30 exposed and sick, G2: 30 non-exposed and not sick, G3: 30 exposed and not sick 
and G4: 30 non-exposed and sick) in order to demonstrate the relation between Environmental toxicants and 
Parkinson’s disease in south of Morocco. 
Results: The study includes 3 parameters: the neurological examination; a toxicological study in blood as well as a 
toxicological study of the environment. The results noted on the first site (Imini) show that 5,7% of the population 
presents a Parkinson’s syndrome; on the level of the 2nd site (Kettara), the percentage is about 4.5%. Biochemical 
samples showed a high rate of heavy metals on the various biologic samples and the environment. Manganese was 
the more represented. The majority of patients did not improve the clinical signs under L-dopa. 
Conclusions: Until now, no single environmental agent or class of agents has been conclusively demonstrated 
epidemiologically to increase PD risk. This study will contribute to our understanding of the association between PD 
and environmental exposures such as heavy metals, pesticides, and solvents. 
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1519 
Dietary Vitamin E as a protective factor for Parkinson’s Disease: a clinical and experimental study 
T. Schirinzi, G. Martella, P. Imbriani, G. Di Lazzaro, M. Alwardat, M. Pierantozzi, N. Mercuri, A. Pisani (Rome, 
Italy) 
Objective: To test if a higher dietary intake of Vitamin E might represent a protective factor in Parkinson’s disease 
(PD). 
Background: Effective disease-modifying treatments are an urgent need for PD. To counteract oxidative stress is a 
putative successful strategy, not only by using synthetic compounds, but also by natural agents or dietary choices. 
Vitamin E, in particular, is a powerful antioxidant, commonly found in vegetables and other components of the diet 
[1]. 
Methods: We conducted a study including: 1) a retrospective assessment of dietary Vitamin E intake (VEI) in 100 
PD patients compared to 100 healthy controls, aimed at determining if a different dietary VEI is associated with 
diverse clinical conditions; 2) an in vitro protocol in brain slices of a PD mouse model, aimed at evaluating the 
effects of Vitamin E on synaptic plasticity abnormalities, a peculiar endophenotype observed in distinct PD models. 
Specifically, we used homozygous PTEN-induced kinase 1 (PINK1) knockout mice (PINK1−/−), an established 
model of subclinical PD, in which we previously demonstrated the loss of both long-term potentiation (LTP) and 
long-term depression (LTD) at corticostriatal synapses, in the absence of overt neurodegeneration. 
Results: The analysis showed that VEI was lower in PD patients and inversely associated with PD occurrence, 
independently from age and gender (OR = 1.022; 95% CI = 0.999 – 1.045; p<0.05), though unrelated to clinical 
severity. Moreover, the chronic administration of Vitamin E (alpha-tocopherol and the water-soluble analogue 
trolox) fully restored corticostriatal synaptic plasticity in PINK1−/− mice, which is suggestive of a specific 
protective action. 
Conclusions: Our study highlighted the protective role of dietary Vitamin E in PD. Additionally, we observed that it 
might compensate PINK1 haploinsufficiency and mitochondrial impairment, reverting some central steps of the 
pathogenic process in a mouse model. Altogether, both clinical and experimental findings suggest that Vitamin E 
could be a potential useful agent for PD patients. These data, although preliminary, may encourage future 
confirmatory trials. 
References: 1. Jiang Q, 2014. Natural forms of vitamin E: metabolism, antioxidant, and anti-inflammatory activities 
and their role in disease prevention and therapy. Free Radic Biol Med; 72:76–90. 

1520 
Impact of the Home Environment on Falls Risk: A Cross-Sectional Study of Patients with Parkinson's 
Disease 
Y. Thongchuam, S. Phumphid, O. Phokaewvarangkul, R. Bhidayasiri (Bangkok, Thailand) 
Objective: To identify fall history and characteristics, as well as home environment risk factors, using a self-
administered questionnaire. 
Background: Falls are a major source of disability in Parkinson's disease (PD) with the majority occurring in home. 
Identifying the environmental risks and creating a safer home environment may help minimise PD-related falls and 
injury. 
Methods: Fifty patients were interviewed at an outpatient clinic and completed a questionnaire to identify potential 
hazards at home. Three sections were categorized including patient demographics, fall characteristics, and 
environmental hazards at home. 
Results: From 50 patients recruited, 31 (62%) were male. The mean age was 68.6 years (SD 7.2) and mean of 
disease duration was 9.2 years (SD 6.2). More than seventy percent of participants had fallen at least once. The most 
common locations were living room (50%), toilet (27.8%) and bedroom (25%). Time spent at a location correlated 
with higher frequency of falls (Table 1). Falls occurred primarily during daytime (61.7 %) and involved changing 
positions (34.7 %). Other concerns included unsuitable seat height (48%), inappropriate carpet location (38%), 
unsuitable bed height (24%), messy house (18%), and poor lighting (6%). Patients with a previous fall had, more 
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bed rails and toilet rails, installed in their homes compared to patients with no fall (p<0.05, each). Almost sixty 
percent of patients were interested in a home adaptation project. 
Conclusions: With insight into possible home hazards and falls risk, this study offers valuable information for falls 
prevention. Falls risk is not limited to gait and balance issues, but also influenced by surroundings, especially at 
home. Therefore, gaining basic information about patients’ homes may point to a potential strategy for falls 
prevention amongst PD patients. 
References: [1] Ashburn A, Stack E, Ballinger C, Fazakarley L, Fitton C. The circumstances of falls among people 
with Parkinson's disease and the use of Falls Diaries to facilitate reporting. Disability and Rehabilitation. 
2008;30(16):1205-12. [2] Mak MKY, Pang MYC. Parkinsonian single fallers versus recurrent fallers: different fall 
characteristics and clinical features. Journal of Neurology. 2010;257(9):1543-51. [3] Matinolli M, Korpelainen JT, 
Korpelainen R, Sotaniemi KA, Virranniemi M, Myllylä VV. Postural sway and falls in Parkinson's disease: A 
regression approach. Movement Disorders. 2007;22(13):1927-35. 

Non-Motor Symptoms 

1522 
The impact of non-motor symptoms on the quality of life of patients with Parkinson’s disease depending on 
its stages 
K. Abdurakhmonova, G. Rakhimbaeva (Tashkent, Uzbekistan) 
Objective: To study impact of non-motor symptoms evaluated with the Non-Motor Symptoms Scale (NMSS) and 
on Parkinson’s disease (PD) patients’ quality of life (QOL) depending on the stages. 
Background: Non-motor symptoms (NMS) are important prodromal features of PD, which cause poor quality of 
life with disease progression. There is not sufficient information on how NMS influence the QOL in Uzbek patients 
with PD. 
Methods: The study included 84 patients and – 38 women (45,2 %) and 46 men (54,8%) aged 43 to 79 years with 
PD 2.0-4.0 on the Hoehn and Yahr scale. The percentage of patients in each HY stage was as follows: stage 1: 
21.44%; stage 2: 38.52%; stage 3: 33.07 %; stage 4: 5.76%; and stage 5: 1.71%. NMSS was used for assessment of 
severity of individual non-motor symptoms at the different stages of the disease. QOL was measured by specific 
Parkinson’s Disease Questionnaire-39(PDQ-39). 
Results: When analyzing NMS depending on the stage of the disease it has been found out that the data structure of 
symptoms differs at different stages. The first 
stage of PD is characterized by a predominance of fatigue (65%) and tachycardia (59%); at stage 2 fatigue and 
nocturia were detected more often 68% and 48% in turn; stage 3 symptoms were fatigue (72%), cognitive 
impairment (51%) and dry mouth (58%); Stage 4: fatigue (74%), insomnia (48%) and hyperhidrosis (42%) . NMS 
severity (on the NMSS scale) significantly correlated with the stage of the disease (r = 0.35, p≤0.05). 
The analysis related to the correlation between the stage of the disease and QOL indicated that the QOL decreases as 
the stage of the disease increases. A significant dependence between QOL and NMS has been revealed (r = 0.51 
p≤0.05). 
Conclusions: It has been established that despite non-specificity of NMS, they can be signs of PD. At least one 
NMS was identified in all patients while in the vast majority of patients (58%) there was a combination of more than 
10 symptoms. The structure and severity of NMS vary according to the stages of the disease. PD patients with 
prevalent symptoms in any of the NMSS domains indicated significantly worse PDQ-39 scores than those with the 
absence of non-motor symptoms. NMS reliably affect QOL and can cause disability in patients. 

1523 
Impulse control and pain : a link in Parkinson’s disease. 
G. Albani, L. Pradotto, G. Veneziano, P. Cipresso, E. Pedroli, F. Scarpina, A. Mauro, M. Semonella, A. Cistaro 
(Piancavallo-Verbania, Italy) 
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Objective: To find a correlation between  off-related pain, and dopaminergic dysregulation syndrome (DDS );  to 
investigate in a subgroup of patients the neural underpinnings of the DDS, and then  to  present  our suggested 
pharmacological and non-pharmacological  interventions on symptoms correlated with DDS, according to each 
clinical picture. 
Background: The DDS is a condition when the PD patient intakes an amount of dopaminergic drugs more than he 
effectively  needs.  Our hypothesis is that  off-related pain may represent  an internal cue to increase the demand of 
therapy within a behavioral addiction LD-related. 
Methods: In 80 PD patients we analyzed over the  clinical variables and  Levodopa  equivalent day dosage (LEDD), 
King Pain Scale score, the PD Impulsive-Compulsive Disorders Questionnaire (QUIP) score. 
In a subgroup (PET group) of 10 PD patients, we compared DDS with and without pain, by means 18-FDG-PET 
(positron emission tomography).In a subgroup (NIRS/VR group) of 10 PD patients,  5 patients with DDS and pain 
were compared with 5 PD patients without DDS as control group, by means of Cerebral Near Infrared Spectroscopy 
(NIRS), during an immersion in a dedicated virtual game room (www.neurovr.com). At the end, we present our 
personal clinical cases following our proposed exploratory guidelines such as pharmacological interventions or non-
pharmacological interventions (such as repetitive Transcranial Magnetic Stimulation, rtms) aiming to inhibit the 
compulsive behavior. 
Results: A positive DDS UPDRS item score  correlates significantly   with  fluctuation-related King pain score ( p< 
0.001). In our sample, the LEDD is higher in the group with chronic pain compared with the group without 
(p<0.042). 
DDS-PD patients showed a  major hypometabolism of bilateral parieto-temporo-occipital cortex than PD 
(p=0.001).Futhermore, DDS-PD patients showed an hypermetabolism of bilateral mesial orbitofrontal cortex during 
off-phase (p=0.001) that disappear during on-phase. 
Conclusions: Patients with DDS  present a positive correlation with motor fluctuation-related pain. Neurocircuitries 
related to impulsivity and reward are altered by over dopaminergic stimulation in PD, and pain may represent a 
signal of dopaminergic addictionThese finding may encourage new therapeutical strategies aimed to reduce pain in 
PD,  by abolishing extradoses of LD, ameliorate global motor response and reduce severity and frequency of off-
phase and/or treating directly impulsivity. 

1524 
Daily variability of non-motor symptoms as a reflection of circadian dysregulation in Parkinson's disease 
O. Alenikova, S. Likhchev, A. Buniak, M. Liashkovich (Minsk, Belarus) 
Objective: To assess the daily variability of visual and autonomic nervous system (ANS) functions in relation to 
sleep disorders to determine circadian PD phenotypes 
Background: Many motor and non-motor manifestations of Parkinson disease (PD) exhibit diurnal oscillations. An 
abnormal retinal dopaminergic function and melanopsin-expressing Retinal Ganglion Cells (mRGC) degeneration 
leads to «melatonin-dopamine» imbalance and distortion of information transmitted through the retino-hypothalamic 
tract. This is one of the important factors of diurnal fluctuations of visual and autonomic dysfunction, sleep–
wakefulness cycle disorders, etc. in PD. 
Methods: 35 PD patients with 1–2.5 stages without motor fluctuations and 20 controls were examined at 8.00 am 
and 5.00 pm. Contrast sensitivity (CS), visual fields (VF) using threshold and Blue-Yellow perimetry (BYP), 
polysomnography, holter monitoring (HM) with determination of circadian index (CI) and sympathetic skin 
response (SSR) were investigated. 
Results: In 21 patients (60%), daily variability of VF in the peripheral nasal segment and in the CS level, mostly for 
blue, was observed. A distinctive feature of these patients was a significant CI decrease according to HM, compared 
with PD patients without CS and VF daily variability. The most pronounced VF fluctuations with the appearance of 
widespread VF defects according to BYP at 5.00pm were noted in PD patients with visual hallucinations and REM-
Behavior disorder [figure1]. Different nocturnal problems and daytime sleepiness were more pronounced and 
occurred more often in patients with VF and CS variability. SSR date revealed a predominance of parasympathetic 
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effects on the sweat glands in most PD patients. In 24 PD patients (68.5%) who did not have daily variability of the 
SSR parameters, a significant CI reduction was detected, compared with healthy individuals and PD patients, in 
which the SSR parameters underwent changes between the morning and evening measurements. 
Conclusions: Maximum sensitivity of mRGC to blue perception, the processing system of which is most vulnerable 
to circadian disorders, explains the features of the daily variability of CS and VF defects in PD. Changes in the 
properties of the retina in some PD patients make a significant contribution to circadian disorders of physiological 
processes and indicate the presence of different circadian PD phenotypes. 
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1525 
Relationship between non-motor symptoms, medications and sleep interruptions in patients with Parkinson’s 
disease 
S. Anis, A. Thaler, M. Kestenbaum, A. Orr-Urtreger, M. Gana-Weisz, O. Goldstein, R. Hen Simon, J. Cederbaum, J. 
Hausdorff, N. Giladi, A. Mirelman (Tel Aviv, Israel) 
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Objective: To explore the relationship between sleep quality and medical treatment in patients with PD. 
Background: Disturbances, autonomic dysfunction and depression are common non-motor symptoms even in early 
Parkinson’s disease (PD), markedly affecting their quality of life. Symptomatic relief is often provided by 
medications that can affect multiple non-motor domains. The interplay between symptomatic medications and sleep 
interruptions in early stages of the disease is not clear. 
Methods: Sleep interruptions were assessed using a tri-axial accelerometer worn on the lower back for seven 
consecutive nights. Sleep interruptions were classified as getting up or out of bed during the night based on the 
change in the vertical axis. Patients were classified as having sleep interruptions if they presented more than one 
standard deviation from the median percent wake time of age matched healthy adults (i.e., >1.4 percent wake time 
per night). Non-motor symptoms were assessed using the Non-Motor Symptoms Questionnaire (NMSQ). Levodopa 
Equivalent Daily Dose (LEDD) was calculated and concomitant medication were assessed as well. Statistical 
analysis was adjusted for age, gender, LEDD and disease duration. 
Results: 149 patients with PD were included (mean age: 65.7±9.8; 70% male, MDS-UPDRS-III: 19.9±11.1, disease 
duration: 3.3±2.2; LEDD: 399.4±339.1). Percent wake time at night was highly variable (0-16%) with 40 patients 
(27%) classified as suffering from sleep interruptions. Patients with sleep interruptions had significantly worse NMS 
(10.9±5.1 vs. 6.6±3.9; p<0.001 with 85% reporting nocturnal urination p<0.001). Sleep interruptions were 
significantly correlated with LEDD (r=0.203, p=0.025) and anti-hypertensive medications (r=0.422; p=0.008), 
potentially explaining nighttime urination. Of the 9.4% of patients receiving sleep medication, 76.9% did not have 
sleep interruptions. 
Conclusions: Sleep interruptions are common even in early stages of PD and are highly associated with nocturnal 
urination and hypertension. Sleep medications might be effective in reducing sleep interruptions in early stage PD. 

1526 
Retronasal olfactory function in Parkinson’s disease 
E. Aubry-Lafontaine, C. Tremblay, P. Durand-Martel, N. Dupré, J. Frasnelli (Trois-Rivières, QC, Canada) 
Objective: The objective of this study was to compare orthonasal and retronasal olfactory function in PD patients 
and compare them to NPOD participants and to healthy controls. We hypothesized that the combined testing of 
orthonasal and retronasal olfactory functions allows to distinguish PD patients from patients with NPOD and healthy 
controls in regards to their different olfactory impairment patterns. 
Background: Olfactory dysfunction (OD) is one of the first clinical signs observed in Parkinson’s disease (PD) and 
appears several years before the presence of motor disturbance. As a highly reliable symptom OD is present in up to 
90% of PD patients. Thus, olfactory testing has the potential to serve as tool for early detection of PD. However, OD 
is not specific to PD as it affects 20% of the general population. The sense of smell includes an orthonasal and a 
retronasal component; in some forms of OD, retronasal olfactory function is preserved. We aimed to evaluate 
whether combined testing of orthonasal and retronasal olfaction allows for discriminating between PD-related OD 
and non-parkinsonian OD (NPOD). 
Methods: A total of 32 PD patients, 25 NOPD patients and 15 healthy controls underwent orthonasal (Sniffin’Sticks 
test) and retronasal (aromatized powders) olfactory testing. 
Results: Both orthonasal and retronasal olfaction are impaired in PD and NPOD patients, compared to controls; 
NPOD patients had significantly better orthonasal scores than PD patients. As a consequence, the ratio of the 
retronasal score/ orthonasal score was significantly higher in PD than in both other groups. In Parkinson-free 
participants, orthonasal and retronasal scores were significantly correlated; no such correlation could be observed in 
PD patients. 
Conclusions: For tests of retronasal olfaction, PD patients seem to rely on particular mechanisms to compensate for 
olfactory loss. Combined orthonasal and retronasal olfactory testing may contribute to differentiate PD patients from 
patients with NPOD. 
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1527 
Non motor symptoms Parkinson’s disease 
N. Bagdanova, Z. Zuleiha (kazan, Russian Federation) 
Objective: 1.To identify the representation and prevalence of non-motor symptoms of PD in the premotor and early 
motor stages 
Background: During the period 2016-2018 104 people were examined: 63 patients with the first diagnosis of PD, 
not treated earlier, and 41 people in the control group. 
Methods: The following scales were used:- The scale of the UPDRS part III - Questionnaire "Mini-study of mental 
state" (MMSE)-Rating scale of sleepiness "SCOPA-SLEEP" - Hamilton scale for assessing depression -Scale Hyun 
and Yar 
Results: When comparing non-motor manifestations depending on the form of the disease, we have identified the 
following most significant symptoms:- Salivation was observed in 20% of patients with a tremulous form of the 
disease, 26.1% of patients with a rigid form of the disease ( p=0.046).Change or loss of smell and taste was observed 
in 20% of patients with tremulous form of the disease, 34.8% of patients with rigid form of the disease ( p=0.008). 
Change in the weight of the unknown cause was observed in 35.1 % of patients with the tremulous form of the 
disease, 39.1 % of patients with the rigid form of the disease ( p=0.009). Constipation was observed in 54.5% of 
patients with tremulous form of the disease, 43.5 % of patients with rigid form of the disease ( p=0.010).- Visual and 
auditory hallucinations were observed in 20% of patients with a tremulous form of the disease, 34.5 % of patients 
with a rigid form of the disease( p=0.002).- Discomfort at night in the legs was observed in 50% of patients with 
tremulous form of the disease, 39.1 % of patients with rigid form of the disease( p=0.007). When comparing the 
control group and patients with Parkinson's disease, we saw that the following non-motor manifestations were 
significantly more frequent. 
Conclusions: The analysis showed that these non-motor symptoms at UPDRS school in patients with Parkinson's 
disease were significantly more pronounced compared to the control group. 
Despite the fact that non-motor manifestations of PD are not specific, it is worth paying attention to the combination 
of more than 10 different non-motor symptoms in patients, which is impossible with natural aging. It is important to 
remember that early diagnosis of PD increases the patient's chance for a favorable course of PD by selecting a 
competent pharmacotherapy. 

1528 
Long term evolution of ventilatory function in Parkinson’s disease 
G. Baille, C. Chenivesse, T. Perez, D. DEVOS, L. DEFEBVRE, C. MOREAU (Lille, France) 
Objective: To assess the evolution of lung volumes and respiratory muscle strength after a 5 years follow-up in a 
cohort of patients with Parkinson’s disease (PD) and to determine the prognostic factor of the ventilatory disorder in 
the disease. 
Background: Pulmonary dysfunction is related among axial and non-motor symptoms of PD. It impacts the quality 
of life and could affect the prognosis. However, most of the studies assessed it in advanced PD patients without any 
prospective follow-up. 
Methods: Twenty-seven early-stage PD patients (mean age at inclusion (V0) = 67.3 ± 7.6) with a mean disease 
duration at V0 of 1.9 years (± 1.6) were included and followed up during 5 years. Neurological examination and 
pulmonary function tests were performed at V0, repeated 2 years (V2) and 5 years later (V5). 
Results: At V5, vital capacity (VC, p=0.001), forced expiratory volume in 1 second (FEV1, p=0.007), functional 
residual capacity (FRC, p=0.0003), total lung capacity (TLC, p=0.0008) and the sniff nasal inspiratory pressure 
(SNIP, p=0.002) significantly decreased. Conversely, the FEV1/VC ratio, the maximal inspiratory and expiratory 
mouth pressures (MIP and MEP) and peak expiratory flow were not different. Neither VC at V0, nor early 
inspiratory muscles weakness was associated with a worse motor and non-motor outcome at V5. 
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Conclusions: We demonstrated for the first time that the lung volumes decreased after 5 years of progression in PD. 
We need to confirm the results in a larger sample in order to determine the prognostic value of this global 
ventilatory disorder. 

1529 
Non motor fluctuations in Parkinson's disease: Findings from a Tunisian cohort 
M. BEN DJEBARA, K. Laabidi, A. NASRI, A. Rekik, S. MRABET, A. GARGOURI, I. Kacem, R. GOUIDER (Tunis, 
Tunisia) 
Objective: To evaluate the frequency of non motor fluctuations (NMF) in Parkinson's disease (PD), their correlation 
with motor complications and their impact on the quality of life in a Tunisian cohort. 
Background: Non motor symptoms (NMS) can fluctuate either along or irrespective to motor on/off phenomena. 
Though under-estimated for a long time and poorly studied, NMF could appear earlier and be more troublesome 
than motor fluctuations (MF). 
Methods: We conducted a cross-sectional study in the Department of Neurology at Razi University Hospital in 
Tunisia (September 2017-February 2019) including patients with PD taking levodopa for at least 3 months. 
Demographic, clinical and therapeutic data were collected. We used the NMS Assessment scale for PD (NMSS) to 
evaluate NMS, the NoMoFA questionnaire to identify NMF, the Unified PD Rating scale (UPDRS) parts III and IV 
for motor symptoms and MF and the PD Questionnaire-8 (PDQ-8) to evaluate the Health-related quality of life 
(HRQOL). 
Results: One hundred and ten patients were included (sex-ratio=1,2; mean age of 64,78 years [33-89], mean age at 
onset of PD of 56,62 years [30-80] and mean disease duration of 8,59 years). NMS were present in all patients. The 
most frequent and severely affected areas were mood and cognition followed by sleep and fatigue. The frequencies 
of MF and NMF were respectively 87,3% and 81,13%. Seventy-nine patients (73,14%) had simultaneously MF and 
NMF, and 9,25% of patients with NMF did not have MF. There was no correlation between the presence of NMF 
and MF (p=0,08). Almost 82,1% of patients with NMF had more than one type of NMF. Daily doses of levodopa 
were correlated with MF (p=0.024) but not with NMF (p=0,106). There was no statistically significant difference 
between patients with NMF and those without NMF in terms of gender, age at onset, disease duration and NMSS. 
The presence of NMF was associated with worse HRQOL (p=0.022) unlike the presence of MF (p=0,809). PDQ-8 
index was higher in patients with fluctuations of pain, low energy and anxiety. 
Conclusions: In our cohort, NMF were common, independent from MF and doses of levodopa, with higher negative 
impact on HRQOL than MF. Their recognition is required to adjust their management and improve the quality of 
life of patients with PD. 

1530 
The Relationship of Neuropsychiatric Symptoms and Cognitive Impairment in Parkinson's Disease 
B. Bernard, G. Stebbins, A. Negron, D. Merkitch, J. Goldman (Chicago, IL, USA) 
Objective: To assess the relationship between individual items from the Neuropsychiatric Inventory and five 
cognitive domains in patients with Parkinson's disease (PD) and normal cognitive functioning, mild cognitive 
impairment, and dementia. 
Background: A variety of psychiatric symptoms have been reported in patients with PD. Significant 
neuropsychiatric symptoms contribute to the quality of life in PD patients. However, there are few studies assessing 
the relationship between neuropsychiatric symptoms and cognitive impairment in PD. 
Methods: 119 PD participants received clinical and neuropsychological evaluations and were classified into 
cognitive groups using Movement Disorder Society Task Force criteria (cognitively normal [PD-NC], n=42; mild 
cognitive impairment [PD-MCI], n=51; dementia [PDD], n=26). Patients and their caregivers were interviewed with 
the Neuropsychiatric Interview (NPI). The NPI assesses the presence of delusions, hallucinations, agitation, 
depression, anxiety, elation, apathy, disinhibition, irritability, motor disturbance, nighttime behaviors, and appetite. 
The neuropsychological evaluation consisted of tests representing five cognitive domains (attention/working 
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memory, executive function, memory, language, visuospatial function). Raw scores were transformed to z scores on 
the basis of normative data at our center. Cognitive domain scores were calculated by averaging z scores for 
neuropsychological tests within each of the specific domains. A linear regression analysis was conducted using a 
recursive modeling technique. 
Results: Using linear modeling with cognitive diagnosis as the outcome and age, PD duration, and NPI scores as 
predictors, a significant model was obtained (F = 9.680[7,111], p < 0.0005), with age (F = 16.339[1,117], p < 
0.0005, followed by PD duration (F = 11.194[1,117], p = 0.001), followed by NPI Delusions (F = 8.188 [1,117], p = 
0.005), followed by NPI Irritability (F = 6.888 [1,117], p = 0.01). No other NPI items were significant predictors. 
Conclusions: After accounting for PD duration and age, NPI Delusions and Irritability items predicted normal 
cognitive functioning, mild cognitive impairment, and dementia in patients with PD. Although psychiatric 
symptoms are reported to be common in PD patients with mild cognitive impairment and dementia, the current 
findings highlight the comorbidities of delusions and irritability. 

1531 
Repetitive transcranial magnetic stimulation (rTMS) for the treatment of pain in Parkinson’s Disease – an 
open-label study 
M. Bonello, T. Nurmikko, A. Mavrianou, M. Steiger (Liverpool, United Kingdom) 
Objective: To investigate the safety and efficacy of rTMS in the treatment of Parkinson’s Disease associated pain. 
Background: Pain is a prevalent symptom in patients with Parkinson’s disease (PD) and is a key unmet need in the 
management of non-motor symptoms of PD. Current evidence for treatment of this disabling symptom shows 
limited efficacy. Transcranial magnetic stimulation (TMS) is a non-invasive outpatient-based procedure that uses 
electromagnetically generated magnetic fields to induce electric currents in the cortex.  TMS is delivered as trains of 
pulses (rTMS) to prolong its effects.  Primary motor cortex (M1) is commonly targeted. While the exact mechanism 
of TMS-induced analgesia is unknown, it is thought to regulate the activity of the complex cortical and subcortical 
networks involved in the processing of painful signals and possibly strengthening the endogenous descending pain 
modulation system. 
Methods: Eleven patients suffering from refractory PD associated pain were recruited to the study.  Serial 
assessment of the patients included UPDRS(III), King’s PD Pain Scale, British Pain Society Rating Scale, 
Parkinson’s Disease Questionnaire-39, Non-motor symptoms scale, Hospital Anxiety and Depression Scale and 
Patient Global Impression of Change.  Each patient underwent a volumetric MRI scan. Nexstim© Navigated Brain 
Therapy (NBT®) System 2 was used to deliver ten sessions of rTMS stimulation of M1 at 90% of the Resting Motor 
Threshold at 2000 pulses/session. Daily pain scores and adverse events were recorded in pain diaries kept by 
patients. 
Results: Ten patients completed the study.  One patient withdrew consent prior to the first stimulation 
session.  None of the patients reported a deterioration in their Parkinson’s disease control. There was significant 
improvement in the King’s PD Pain scale (P<0.05). Fluctuation-related pain in particular ‘off’ period pain showed a 
significant improvement with rTMS (P<0.05). Three patients who also suffered visceral pain confirmed 
improvement with rTMS of M1. Three patients suffering from radicular pain did not show any improvement in their 
pain. 
Conclusions: rTMS is an effective treatment for Parkinson’s Disease associated pain. Patients who suffer from ‘off’ 
period pain show the best improvement with rTMS. rTMS had no effect on radicular pain in PD. A randomised 
control trial is advised to validate the findings in this open-label study. 

1532 
Actigraphically Characterized Infradian Rest-Activity Rhythms in Parkinson’s Disease 
C. Brooks, R. Koehler, M.K. Erb, F. Mortazavi, J. Bhangu, K. Thomas (Boston, MA, USA) 
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Objective: To characterize infradian variations across the week in participants with Parkinson’s disease (PD), 
preliminary analyses were conducted as a means to develop a process and method for further characterization of 
rest-activity rhythms. 
Background: The continuous, longitudinal nature of accelerometry monitoring (i.e. actigraphy) is well-suited to 
capturing the regular 24-hour oscillation in human activity across the day, the cumulative effect of our circadian 
rhythm and behavior. Sleep and circadian disruption can be indirectly measured through changes in rest-activity 
rhythms and are both major features of PD. However, rest-activity rhythms and whether between-day differences are 
part of a regular infradian (i.e. < 24 hr) rhythms has not been well characterized in PD. 
Methods: 6 PD participants (H&Y Stage 1 – 3) wore a Philips Actiwatch Spectrum PRO continuously for one 
week. Accelerometry was recorded at 32Hz, transformed into “activity counts”, and binned into 15-second epochs. 
Rest-activity rhythms were quantified by fitting an oscillating cosinor model with a 24 hour period to each 
participant-day of activity data. Two-way ANOVAs were used to examine between-subject differences and 
repeated-measures ANOVAs were used to examine between-day differences across the week for the three cosinor 
parameters – Midline Estimating Statistic of Rhythm (MESOR), Amplitude, and Acrophase – which represent the 
mean, mean range, and relative phase-shift of activity during a day, respectively. 
Results: The cohort was 66.6% male; mean age 61 (range: 54 – 66). We observed an infradian oscillation in activity 
with its peak on Friday/Saturday and its nadir on Tuesday/Wednesday [figure 1]. The parameters did not 
significantly vary across the week (MESOR: p = 0.59, Amplitude: p = 0.80, Acrophase: p = 0.89). The largest 
between-day contrasts were generally antipodal: Sunday/Wednesday for MESOR (p = 0.10), Saturday/Tuesday for 
Amplitude (p = 0.30), and Saturday/Wednesday for Acrophase (p = 0.30). There was pronounced inter-individual 
variability in MESOR (p < 0.01) and Amplitude (p < 0.01), but not Acrophase (p = 0.07) [figure 2]. 
Conclusions: Actigraphically measured rest-activity rhythms in PD vary by day, by individual, and demonstrate 
infradian effects. These will need to be replicated in larger cohorts to better characterize the degree to which inter-
individual and inter-daily variability interact to produce the observed infradian rhythms. 
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1533 
The prevalence and features of REM sleep behaviour disorder in Essential Tremor: a polysomnography 
study 
P. Bugalho, M. Salavisa, C. Borbinha, M. Fernandes, B. Meira, R. Barbosa, M. Mendonça (Lisboa, Portugal) 
Objective: To assess the prevalence and characteristics of video-polysomnography (PSG) confirmed REM sleep 
behaviour disorder (RBD) in patients with Essential Tremor (ET). 
Background: ET has classically been defined by the presence of tremor in the absence of other neurological 
symptoms or signs. This notion has been challenged by studies suggesting the presence of non-tremor signs in ET 
patients. A recent questionnaire based investigation [1] showed a high prevalence of probable RBD, a parasomnia 
closely linked with α-synucleinopathies. This finding remains to be confirmed by polysomnography. 
Methods: 49 consecutive patients fulfilling the 2017 MDS Consensus Statement criteria for ET  were screened with 
the REM sleep behavior disorder symptom questionnaire (RBDSQ) and underwent PSG if they score above cut off 
(>4). Tremor features were collected from patient clinical files. Another 6 ET patients, who had undergone PSG for 
spontaneous complaints of RBD, were added to this population. RBD was diagnosed based in the ICSD criteria. 
Sleep structure, sleep breathing disturbance, muscular activity and motor events during REM sleep (ME) data were 
collected from PSG files and compared to that of patients with Parkinson’s Disease and RBD (PD-RBD) and 
idiopathic RBD (iRBD). 
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Results: 13 patients (26.5%) presented with RBDSQ score  > 4: 3 refused PSG, 5  had RBD (ET-RBD), and in 3 
patients PGS was inconclusive for lack of REM sleep. The final prevalence of PSG confirmed RBD was 11.6%. 
Compared to ET-non-RBD, ET-RBD presented with a higher prevalence of rest tremor component (5 (100%) vs 14 
(34.2%) , p=0.009) (no other significant differences regarding tremor features). PSG was positive for RBD in 3 of 
the patients who underwent PSG for RBD spontaneous  complaints and inconclusive in 1. In PSG, ET-RBD 
presented with less total sleep time, longer sleep latency and lower ME global severity (compared to iRBD, 
p=0.038,  p=0.005 and p=0.04 respectively) shorter N2 duration (compared to iRBD, p=0.036 and PDRBD, 
p=0.024). 
Conclusions: Prevalence of RBD in ET was higher than what was described in the general population. An higher 
prevalence of rest tremor in ET-RBD patients could signify a significant relation between this sub-group of ET 
patients and Parkinson’s Disease. ET-RBD PSG parameters were closer to PD-RBD than to iRBD, suggesting that 
sub-group of ET patients to be an intermediate state between iRBD and full blown PD. 
References: [1] Barbosa R, Mendonça M, Ladeira F, Miguel R, Bugalho P. Probable REM-Sleep Behavior Disorder 
and Dysautonomic Symptoms in Essential Tremor. Tremor Other Hyperkinet Mov (N Y). 2017 Dec 29;7:522. doi: 
10.7916/D8Z61VW5 

1534 
Health associated quality of life (HAQL) and humor/cognitive complaints predict mortality in Parkinson's 
disease (PD) 
P. Bugalho, R. Barbosa, F. Ladeira, J. Marto, C. Borbinha, L. Conceição, M. Saraiva, M. Salavisa, B. Meira, M. 
Fernandes (Lisbon, Portugal) 
Objective: To assess the value of motor (MS), non-motor symptoms (NMS), HAQL and activities of daily living 
(ADL) for predicting mortality in PD. 
Background: Parkinson’s Disease (PD) is a progressive neurodegenerative disorder that results in significant 
incapacity and reduced HAQL. It is still not clear in which way do the different disease related symptoms influence 
mortality and wether baseline HAQL and ADL can predict mortality. 
Methods: A cross-sectional study was performed during 2014 (T0), involving 134 non-selected patients with 
PD [1]. MS were assessed with the Hohen and Yahr (HY) and UPDRSIII scales and NMS with the Non-Motor 
Symptom Scale (NMSS). HAQL was assessed with Euro-Qol and ADL with UPDRSII and Schwab and England 
Scales. Cognitive function was objectively assessed with Montreal Cognitive Assessment scale (MoCA). Mortality 
was determined during a 4 year period. Predictors of mortality were determined by backward logistic regression 
analysis, using HY, UPDRS III, Euro-QOL, UPDRS II, SE, the different NMSS itens, HAQL, age and gender as 
covariates and vital status a the end of the follow-up period as the dependent variable. 
Results: Vital status could not be ascertained in 3 patients. 25 patients died during the 4 years follow-up period. 
Age, HY, NMS8 (sexual dysfunction), NMSS3 (humor/cognition complaints) and Euro-Qol visual analog scale 
score were retained in the final model. NMSS3 (B=.041; p=0.009; Exp(B)=1.042; CI=1.010-1.075) and Euro-
Qol  (B=0.053; p=0.020; Exp(B)=1.055, CI=1.009-1.103) were significantly related with a higher probability of 
death. 
Conclusions: Our results suggest that HAQL and cognitive/humor complaints (but not MoCA scores) are related to 
a higher probability of dying during a follow-up of 4 years in a non selected cohort of PD patients. Cognitive 
dysfunction has been previously reported as a predictor of mortality in PD, but this dissociation between objective 
and subjective cognitive dysfunction  was not and requires further investigation. A strong relation between humor, 
cognition and HAQL has been suggested in previous studies, which could explain the significant predictive value of 
HAQL found in our study. On the other hand, the relation between mortality, HAQL and Humor could be biased by 
preexisting comorbidity, which could simultaneously determine a higher probability of dying, more depressive 
symptoms and worst HAQL. 
References: Bugalho, P. et al. Non-Motor symptoms in Portuguese Parkinson's Disease patients: correlation and 
impact on Quality of Life and Activities of Daily Living. Sci. Rep. 6, 32267; doi: 10.1038/srep32267 (2016). 
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1535 
Anxiety and dopaminergic stimulation in patients with Parkinson´s disease. 
A. Camacho Nieto, A.R. Franco Salinas, L. Ruiz-Escribano Menchen, M.J. Gallardo Alcañiz, J.P. Cabello Rosa, J. 
Vaamonde Gamo (Ciudad Real, Spain) 
Objective: To report two patients with Parkinson disease and describe the response of this non motor symptom to 
dopaminergic therapy. 
Background: Anxiety is frequent comorbidity in Parkinson disease (1). Althought the relationship between 
dopaminergic dysfunction and neuropsychiatrc symtomps is well known, the underlying pathophysiological 
mechanism of anxiety in PD is still unclear (2,3) 
Methods: We report 2 patients with PD and anxiety related to dopamininergic hypostimulation. 
Results: Patient 1: 57 year-old woman with PD of 8 years of evolution, treated with 
levodopa+carbidopa+entacapone (100/25/200 mg) 4 times per day, rasagiline and rotigotine 8 mg, presented mild 
motor fluctuations but severe anxiety fluctuations (wering-off) that improved with subcutaneous apomorphine 
injection (4 mg). Patient 2: 75 years- old patient with advanced PD developped severe fluctuations and dyskinesias. 
Treatment with enteral levodopa-carbidopa- DUODOPA- was indicated with good initial response. After a fews 
months of treatment (MD: 14 ml; CD: 4 ml/h) began with severe episodes of anxiety, without motor impairment or 
severe chorea. The increase of continuous dose of DUODOPA improved anxiety without intensification of chorea. 
Conclusions: Anxiety is one of the non motor manifestations of PD and may have important impact of quality of 
life. In some patients with motor fluctuations may be the most severe and disabling off-symptom. Moreover, the 
occurrance of  non-motor fluctuations is possible and there is evidence of a good response of some (not all) non-
motor symtoms to dopaminergic therapy that must be individually adapted (4). Advanced therapies could be 
considered (5).Anxiety is one of the non motor manifestations of PD and may have important impact of quality of 
life. In some patients with motor fluctuations may be the most severe and disabling off-symptom. Moreover, the 
occurrance of non-motor fluctuations is possible and there is evidence of a good response of some (not all) non-
motor symtoms to dopaminergic therapy that must be individually adapted (4). Advanced therapies could be 
considered (5). 
References: 1. Van der Velden RMJ, Broen MPG, Kuijf ML, Leentiens AFG. Frequency of mood and anxiety 
fluctuations in Parkinson´s disease patients with motor fluctuations: A systematic review. Mov Disord 2018; 33: 
1521- 7. 2. Li Y, Jiao Q, Du X, et al. Investigation of behavioral dysfunctions induced by monoamine deplations in a 
mouse model of Parkinson´s disease. Front Cell Neurosci 2018; 12:241 3. Valli M, Mihaescu A, Strafella AP. 
Imaging behavioural complications of Parkinson´s disease.Brain Imaging Behav. 2017; 4. Fabbri M, Coelho M, 
Guedes LC et al. Acute response of non motor symptoms to subthalamic deep brian stimulation in Parkinson¨s 
disease. Parkinsonism Relat Disord 2017; 41: 113- 7 

1536 
Longitudinal Cortical Changes Associated with Apathy in Parkinson's Disease 
E. Canu, F. Agosta, F. Imperiale, T. Stojković, I. Stankovic, S. Basaia, A. Fontana, V. Markovic, I. Petrović, E. 
Stefanova, V. Kostic, M. Filippi (Milan, Italy) 
Objective: To follow clinical/cognitive and cortical thickness (CT) changes in Parkinson’s disease (PD) patients 
with stable apathy (PD-sAp), without apathy (PD-noAp), and patients who developed apathy (PD-cAp) during 3 
year follow up. 
Background: Apathy can influence the disease progression in PD. 
Methods: We selected 96 patients with known apathy outcome at the initial exam or during 3 years of follow-up 
and 46 age- and sex-matched controls. We identified 37 PD-sAp, 33 PD-noAp, 26 PD-cAp patients. Patients and 
controls underwent clinical/neuropsychological evaluations and 3D T1-weighted MRI scans at baseline. Patients 
performed evaluations also once a year for 3 years. CT at baseline and over time was investigated within and 
between groups adjusting for age, disease severity, global cognition and mood. 
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Results: At baseline, PD-cAp patients had higher age at disease onset relative to PD-noAp and lower disease 
severity and shorter disease duration relative to other patient groups. At baseline, the PD-sAp and PD-cAp groups 
showed worse memory abilities relative to PD-noAp. Over time, apathy worsened significantly every year in the 
PD-cAp group only. At baseline, PD-sAp patients showed cortical atrophy of bilateral fronto-temporo-parietal areas 
relative to controls and of left anterior cingulate and superior temporal gyri compared to the other patient groups. 
PD-sAp did not accumulate further cortical damage over time. A greater progression of cortical thinning of the right 
superior temporal, inferior frontal and parietal regions was observed in PD-cAp relative to PD-noAp patients. 
Conclusions: This study assessed the longitudinal cortical alteration associated with apathy in PD. We suggested 
that PD-sAp and PD-cAp are characterized by similar cognitive profile already in the early phase of the disease and 
by a similar pattern of cortical alterations over time, involving the right superior temporal, inferior frontal and 
parietal regions.Supported by: Ministry of Education and Science Republic of Serbia (Grant #175090). 

1538 
Deceleration capacity of heart rate: is cardiac vagal modulation impaired in idiopathic Parkinson’s disease? 
C. Carricarte Naranjo, C. Marras, N. Visanji, D. Cornforth, L. Sanchez-Rodriguez, B. Schüle, S. Goldman, M. 
Estevez, P. Stein, A. Lang, H. Jelinek, A. Machado (La Habana, Cuba) 
Objective: Assessment of cardiac vagal modulation through the analysis of heart rate deceleration capacity (DC) in 
idiopathic Parkinson’s disease (PD). 
Background: Cardiac autonomic dysfunction manifests as a reduced heart rate variability (HRV) in idiopathic PD. 
Previous HRV studies have reported an impaired sympathetic control of cardiac chronotropism, but inconsistent 
results exist as to whether parasympathetic modulation of the heart is actually altered in PD [1, 2]. Most existing 
studies have applied standard approaches to HRV analysis, which do not capture many specific properties of cardiac 
control dynamics. The novel HRV measure DC quantifies the vagally mediated oscillations of heart rate, with low 
DC indicating increased risk of adverse events [3]. 
Methods: Conventional HRV measures from the time and frequency domains, as well as features derived from the 
Phase Rectified Signal Averaging algorithm, were obtained from short-term electrocardiogram recordings in 20 
idiopathic PD patients and 27 healthy controls. Linear regression modelling was applied to compare HRV measures 
after controlling for age, sex, and mean heart rate. The standardized distribution of HRV features was assessed. 
Results: Significant changes in HRV were found only in PD patients over 60 years old. Global and intermediate-
term HRV measures were significantly reduced in PD patients compared to controls (SDNN: p = 0.023; LF power: p 
= 0.011). However, differences in conventional beat-to-beat HRV measures, such as rMSSD and HF power, were 
not statistically significant between PD patients and controls. In contrast, DC values were significantly lower in PD 
patients than controls (p = 0.038). Additionally, the standardized distribution analysis showed that 15% of PD 
patients (n = 3) have DC Z-values below the normal range (3-7, mean ± two standard deviations) (Figure 1). 
Conclusions: HRV analysis is a sensitive method for the assessment of cardiac autonomic function, yet 
conventional HRV measures of vagal modulation may not detect cardiac vagal dysfunction in idiopathic PD 
patients. The novel HRV feature DC may be more appropriate for the short-term non-invasive assessment of 
subclinical cardiac parasympathetic dysfunction in PD. Further study to examine the association between DC and 
cardiac adverse events in PD is needed to clarify the clinical relevance of DC in this population. 
References: 1. Kallio M et al. (2000). Heart rate variability in patients with untreated Parkinson's disease. Eur J 
Neurol 7(6): 667-672 2. Oka H et al. (2011). Cardiovascular dysautonomia in de novo Parkinson's disease without 
orthostatic hypotension. Eur J Neurol 18(2): 286-292 3. Bauer A et al. (2006). Deceleration capacity of heart rate as 
a predictor of mortality after myocardial infarction: cohort study. Lancet 367(9523): 1674-81 
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1539 
(Not) sleeping with the enemy: Cognitive correlates of nocturnal sleep disturbances in Parkinson’s disease 
S. Castillo-Torres, C. Cerda-Contreras, D. Roque-Martínez, D. Díaz-Pérez, X. Ortiz-Jiménez, B. Chávez-Luévanos, 
I. Estrada-Bellmann (Monterrey, Mexico) 
Objective: To evaluate cognitive correlates of nocturnal sleep dysfunction in patients with idiopathic Parkinson’s 
disease (PD). 
Background: Sleep disturbances are among the most troublesome and frequent non-motor symptoms of PD which 
been associated with cognitive impairment[1, 2]; nevertheless, research has suggested that nighttime sleep problems 
are not related to cognitive status [3]. 
Methods: Retrospective analytical study. Case files of PD patients were reviewed, and those with complete 
Parkinson’s Disease Sleep Scale (PDSS) and Montreal Cognitive Assessment (MoCA), Hoehn & Yahr and MDS-
UPDRS, were included for analysis. Spearman's correlations were determined between PDSS total and subscores 
and cognitive (MoCA) scores. 
Results: A total sample of 84 patients was analyzed, 57 (68%) male, mean age 60.4±11.6, age at onset 55.2±12.3 
and disease duration 6.7±5.5 years. Mean Hoehn & Yahr 2.3±0.8, and MDS-UPDRS III 42.2±24.5. Mean PDSS 
score was 15.3±10.1; the most frequent disturbance was nocturia (n=61, 73%), followed by inability to move (n=46, 
55%), and morning tiredness (n=45, 57%). Mean MoCA 24.0±4.2, 13 (16%) patients had a score <21, with the most 
impaired domains: delayed recall (mean 2.2 points, 44% of total) and visuospatial domain (mean 3.6 points, 72% of 
total). Significant correlations were between the total PDSS score and patient-reported experiences of daily life, in 
both the non-motor (r=0.59, p<0.01) and motor (r=0.49, p<0.01) domains, along with disease severity (r=0.26, 
p<0.05), duration (r=0.25, p<0.05), and motor complications of treatment (r=0.37, p<0.01). Among PDSS 
subscores, those related to insomnia (difficulty falling and staying asleep) were significantly correlated to the MoCA 
score (r=-0.26, p=0.008, and r= -0.32, p=0.001 respectively). A linear regression model (Table 1) with MoCA total 
score as dependent variable and PDSS subscores as predictive variables, revealed that only late insomnia (difficulty 
staying asleep) was a significant predictor of cognitive status (OR -1.70, 95%CI -1.84– -0.30; p=0.007). 
Conclusions: In patients with Parkinson’s disease, insomnia is predictive of cognitive status; although our sample is 
small, significant correlations between nocturnal sleep dysfunction and disease stage, severity, and duration, are in 
concordance with results of previous studies, adding soundness to our results. 
References: 1. Goldman JG, Stebbins GT, Leung V, Tilley BC, Goetz CG. Relationships among cognitive 
impairment, sleep, and fatigue in Parkinson's disease using the MDS-UPDRS. Parkinsonism Relat Disord. 
2014;20(11):1135-9. 2. Pushpanathan ME, Loftus AM, Thomas MG, Gasson N, Bucks RS. The relationship 
between sleep and cognition in Parkinson's disease: A meta-analysis. Sleep Med Rev. 2016;26:21-32. 3. Goldman 
JG, Ghode RA, Ouyang B, Bernard B, Goetz CG, Stebbins GT. Dissociations among daytime sleepiness, nighttime 
sleep, and cognitive status in Parkinson's disease. Parkinsonism Relat Disord. 2013;19(9):806-11. 
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1540 
Characterization of the gastrointestinal dysfunction in the 6-hydroxydopamine rat model of Parkinson’s 
disease 
X. Chai, S. Diwakarla, R. Pustovit, R. McQuade, M. Di Natale, C. Ermine, C. Parish, D. Finkelstein, J. Furness 
(Melbourne, Australia) 
Objective: To characterize the gastrointestinal (GI) phenotype in the 6-hydroxydopamine (6OHDA) rat model of 
Parkinson’s disease (PD). 
Background: GI dysfunction, such as prolonged GI transit time and constipation, is a common non-motor symptom 
in PD patients. The mechanisms involved in PD-induced constipation remain unknown, although GI deficits may 
arise from lesions to the central nervous system (CNS) and/or enteric nervous system (ENS). 
Methods: Male Sprague Dawley rats were unilaterally injected with 6OHDA in the medial forebrain bundle. 
Amphetamine rotation testing was performed 2 weeks after lesioning to confirm the ablation of dopamine neurons in 
the pathway. Constipation and colon motility were assessed using the fecal pellet output test and bead expulsion test, 
respectively. Motor deficits were monitored using the beam traversal test. Lastly, colorectal propulsion was 
quantified through an in vivo experiment in anaesthetized rats. Colon pressureand the amount of fluid expelled were 
measured before and after the administration of a ghrelin receptor agonist (previously shown to stimulate nerve 
pathways that enhance colorectal propulsion). 
Results: 6OHDA rats rotated significantly more when compared to sham animals (P<0.05), indicating damage to 
dopaminergic neurons. These rats also showed inhibited colonic propulsion, as assessed using the bead expulsion 
test. Administration of the ghrelin receptor agonist increased the number of contractions in both groups compared to 
baseline. There was no difference in the number of contractions between sham and 6OHDA rats. However, the 
amount of fluid expelled by 6OHDA rats was reduced in comparison to shams suggesting that 6OHDA animals have 
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reduced colorectal propulsive activity. Interestingly, no significant change in fecal pellet output in response to a 
novel environment test or stool water content was observed. As expected, motor deficits were observed in 6OHDA 
rats 4 weeks post-surgery. 
Conclusions: The 6OHDA rat model displays a GI phenotype with the presence of motor deficits 4 weeks post 
lesion. Although this model may not fully reproduce the human condition, it serves as a useful tool to understand the 
changes in the CNS and ENS associated with PD-induced GI dysfunction. 

1541 
Olfactory Hallucinations as a Non-motor sign of Parkinson’s disease- a cross sectional study 
S. Chandra, M. Schiess, R. Mehanna (Houston, TX, USA) 
Objective: To describe the prevalence and characteristics of Olfactory Hallucinations (OlfH) in patients with 
Parkinson’s Disease (PD) in a tertiary movement clinic. 
Background: Hallucinations are a non-motor feature of alpha synucleinopathies and occur in 20-50% of patients 
with PD. Due to a lack of awareness as well as paucity of structured questionnaires/tests that target psychosis 
assessment with an emphasis on olfactory hallucinations (OlfH), these are often missed during clinical consultations. 
Methods: Singe site, cross-sectional, IRB approved study. Patients diagnosed with PD per UK brain bank criteria by 
a movement disorder specialist were consecutively enrolled with informed consent and completed a questionnaire 
and self-administered a University of Pennsylvania Smell Identification Test (UPSIT). Inability to understand the 
instructions due to language barrier or severe underlying pathology were exclusion criteria. 
Results: 137 of the 147 (93%) patients surveyed completed both the UPSIT and the questionnaire. Of the 137, 37% 
were female. 25 (18.2%) patients endorsed OlfH, of which 16 (64%) were men. Hallucinations in other sensory 
modalities were also reported: Visual (16.7%), Auditory (9.48%) and Tactile (7.29%). In the patients with OlfH 
(n=25); concurrent sensory hallucinations included visual (32%), auditory (24%) and tactile (12%). Concurrent 
visual hallucinations were more common in the OlfH group (32% compared to 13%,p=0.02). 84% of patients with 
OlfH had a poor sense of smell objectively (UPSIT showed severe microsmia or anosmia) compared to 70% without 
OlfH, however this difference was statistically insignificant (p=0.199). The most commonly described 
hallucinations were “smoke/cigarette smoke”. While most reported that OlfH were infrequent, 18% (n=2) reported 
hallucinations lasting >1 hour and found them unpleasant and upsetting. 
Conclusions: Non-motor symptoms of PD are often missed in routine clinical practice and have far-reaching 
implications in patient care. OlfH tend to be underreported with prevalence ranging from 2.1% to 10% in prior 
studies compared to 18.2% in our cohort. These patients also reported a higher frequency of concurrent sensory 
hallucinations. 
References: 1. Papapetropoulos S, Katzen H, Schrag A, et al. A questionnaire-based (UM-PDHQ) study of 
hallucinations in Parkinson’s disease. BMC Neurology. 2008;8:21. doi:10.1186/1471-2377-8-21. 2. Doty, R. L. 
(1995). The Smell Identification Test administration manual. Haddon Heights, NJ: Sensonics 

1542 
Cognitive Processes That Indirectly Effect Olfactory Dysfunction in Parkinson’s Disease 
B. Chase, A. Mertens, J. Santo, K. Markopoulou (Omaha, NE, USA) 
Objective: Investigate cognitive mechanisms contributing to olfactory dysfunction in Parkinson’s disease. 
Background: Accurate early diagnosis of Parkinson’s disease is hampered by its long prodromal period and the 
variable manifestations of its cardinal motor symptoms. Since non-motor symptoms precede the onset of motor 
symptoms, they are gaining more attention both to aid diagnosis and to more fully understand the underlying disease 
mechanisms. In particular, the presence of olfactory dysfunction is currently used as a non-disease-specific 
diagnostic aid for Parkinson’s disease, as substantial olfactory dysfunction can occur before the onset of motor 
symptoms. However, the underlying causes and mechanisms involved in olfactory dysfunction are incompletely 
understood. 
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Methods: Relationships between olfactory dysfunction and cognitive assessments were evaluated using for 1,280 
subjects assigned by the Parkinson’s Progression Marker’s Initiative (PPMI) into different Parkinson’s-disease 
diagnostic categories. Structural equation modeling was used to evaluate whether impaired global cognition 
(measured by the Montreal Cognitive Assessment), verbal learning and memory (measured by a Hopkins Verbal 
Learning Test subscore), and visuospatial/executive functioning (measured as a Montreal Cognitive Assessment 
subscore) each contribute to olfactory dysfunction (measured by the University of Pennsylvania Smell Identification 
Test score) in these diagnostic categories. 
Results: When measures of global cognition and verbal learning/memory were included in the same model, only the 
measure of verbal learning/memory was significant in explaining olfactory dysfunction. However, when the measure 
of global cognition was replaced by a measure of visuospatial/executive function, it too was significant in explaining 
olfactory dysfunction for some of the PPMI diagnostic categories. 
Conclusions: Impairment of the cognitive processes associated with verbal learning/memory and 
visuospatial/executive function contribute to the olfactory dysfunction seen in Parkinson’s disease. 

1543 
Gustatory Connectivity in Parkinson's Disease Progression 
H. Chatterjee, G. Elumalai, N. Sewram, N. Osakwe (Georgetown, Guyana) 
Objective: To analyze the consistency of neural connections of the primary gustatory cortex (PGC), ranging from 
control group to progressive stages of Parkinson’s Disease (PD). 
Background: Dysgeusia, as a non-motor symptom of PD, has not been established as strongly as olfactory 
dysfunctions have. Multiple studies state that dysgeusia has been noted uniformly in PD patients, but certain studies 
also state that taste acuity is seen to be enhanced in these patients. Such patients experienced a more intense 
response to gustatory stimuli of low concentration as compared to control groups. Three studies have presented 
statistically significant results to support that taste impairments and disease progression are associated. However, its 
consistency and clinical utility remain under scrutiny. It has been stated that dysgeusia noted in PD patients is not 
related to the disease itself but is a result of olfactory loss which leads to decreased gustatory function and trigeminal 
functions. This encouraged us to conduct a comparative study of neural connections of the PGC and regions 
associated with conveying and processing of gustatory stimuli between a control group and PD affected group and 
between the progressive stages of PD. 
Methods: Using fibre tractography on structural Magnetic Resonance Imaging (MRI) scans, we observed the 
number, length and volume of fibres connecting PGC with other regions. Comparisons were made among 4 groups, 
each group containing 40 MRI scans obtained from different individuals, one control group and three PD affected 
groups of spaced stages of progression. 
Results: A statistically significant difference in fibres was noted between control and PD affected groups (figure 
1&2), with a p-value of 0.0008, but difference noted in fibres among different stages of progression was not 
significant. In most PD affected MRIs the number of fibres noted was as low as zero. 
Conclusions: From the results observed, we may derive that while there is a significant decrease in the fibres in PD 
affected group and we may conclude that PD does affect gustatory functions, there is a very little decline in fibres 
from initial stages to advanced stages. Therefore, although we may use monitoring of gustatory neural connections 
as a form of preliminary diagnosis, it may not serve the purpose of progression monitoring. However, in order to 
confirm the same, a similar study using functional MRI scans instead of structural MRI scans may provide better 
insight. 
References: [1] Pritchard TC., et al. Taste Perception in Patients With Insular Cortex Lesions. Behavioral 
Neuroscicnce 1999. Vol. 113. No. 4. 663-671. [2] Goncalves CVF. Dysgeusia in Parkinson's Disease: A Systemic 
Review. Faculdade de Medicina da Universidade de Coimbra. April 2016. [3] Kashihara K., et al. Frequency and 
characteristics of taste impairment in patients with Parkinson's disease: results of a clinical interview. Intern Med. 
2011;50(20):2311-5. 
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1544 
Construct validity of the Movement Disorders Society – Non Motor Rating Scale (MDS-NMS) 
K.R. Chaudhuri, A. Rizos, C. Rodriguez-Blazquez, D. Weintraub, A. Schrag, P. Martinez-Martin (London, United 
Kingdom) 
Objective: To analyze the construct validity of the Movement Disorders Society – Non Motor Rating Scale (MDS-
NMS). 
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Background: The MDS-NMS is a new instrument that provides a comprehensive assessment of NMS in 
Parkinson’s disease (PD). Construct validity of the MDS-NMS, including convergent, discriminative and internal 
validity, has been assessed in order to determine its relationship with related constructs. 
Methods: Multi-center, cross-sectional study on MDS-NMS validation, with a sample of 402 PD patients recruited 
from clinics in UK and US. Information on socio-demographic characteristics and PD treatment was collected. The 
MDS-NMS (composed of 13 domains and a subscale on non-motor fluctuations, NMFs), Hoehn & Yahr staging 
(HY), MDS-Unified Parkinson’s disease Rating Scale (MDS-UPDRS), Non-Motor Symptoms Scale (NMSS), 
Clinical Impression of Severity Index for PD (CISI-PD), and Patient Global Impression of severity (PGI-S) were 
administered. For convergent validity, Spearman’s correlation coefficients of MDS-NMS with other variables were 
computed. Differences in MDS-NMS total score for the sample grouped by variables of interest were ascertained for 
discriminative validity. Internal validity was analyzed via the inter-correlation of MDS-NMS domains. 
Results: The sample (62.2% men) had a mean age of 67.42 years old (standard deviation, SD: 9.96), PD duration of 
8.2 years (SD: 5.93) and was mainly in HY stage 2 (54.5%). Mean scores were: MDS-NMS, 79.33 (SD: 65.87); 
NMFs, 6.87 (SD: 13.17). MDS-NMS total score correlated 0.26 with PD duration, 0.31 with levodopa-equivalent 
daily dose (LEDD), 0.53 with PGI-S, and 0.46 with CISI-PD. The NMFs subscale correlated 0.30 with PD duration, 
0.42 with LEDD, 0.34 with PGI-S and 0.44 with CISI-PD. MDS-NMS domains showed correlation coefficients 
ranging 0.31-0.68 with corresponding MDS-UPDRS items and 0.39-0.87 with corresponding NMSS domains. 
NMFs correlated 0.72 with MDS-UPDRS fluctuations section. MDS-NMS total score showed no significant 
differences by sex and age, but it significantly increased with increasing HY stage, PD duration and LEDD (all 
p<0.001). NMFs scores were significantly different by HY stage (p=0.05). Correlations coefficients of MDS-NMS 
domains ranged from 0.05 to 0.70, with 41/78 of them being moderate. 
Conclusions: The MDS-NMS is a clinically valid instrument to assess NMS in PD patients. 

1545 
Prevalence of orthostatic hypotension and postprandial hypotension in neurodegenerative diseases with 
synucleinopathy: a systematic review and meta-analysis 
C.S. Chuang, S.L. Wu (Changhua, Taiwan) 
Objective: This study aimed to evaluate the prevalence of orthostatic hypotension (OH) and postprandial 
hypotension (PPH) in patients with Parkinson's disease (PD), multiple system atrophy (MSA), and dementia with 
Lewy bodies (DLB). 
Background: α-synucleinopathies are neurodegenerative diseases characterized by the abnormal accumulation of α-
synuclein aggregates in neurons, nerve fibers or glial cells. There are three main types of α-synucleinopathy, 
Parkinson's disease (PD), multiple system atrophy (MSA), and dementia with Lewy bodies (DLB). Autonomic 
dysfunction is a prominent feature in α-synucleinopathies. Abnormal cardiovascular responses such as orthostatic 
hypotension (OH) and postprandial hypotension (PPH) are common nonmotor symptoms in patients with α-
synucleinopathy. There is inconsistent evidence about the prevalence of OH and PPH in PD, MSA, and DLB. To 
estimate the prevalence of OH and PPH in these diseases more precisely we conducted a systematic review and 
meta-analysis. 
Methods: From PubMed and Embase databases, we identified studies published up till January 2019. The Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines for meta-analysis was followed. The primary outcome measure was frequencies of OH and 
PPH as reported in prevalence (%). The pooled prevalence of symptoms and 95 % confidence intervals were 
obtained by using a random effects model. Analyses were performed with Comprehensive Meta-Analysis (CMA) 
software. 
Results: The primary search strategy yielded 651 articles of which 45 met the inclusion criteria. The summary 
prevalence of clinically OH was 32.8 % (95 % CI, 21.1-42.3 %) and PPH was 51.6 % (95 % CI, 30.2-68.8 %) in PD 
patients. The prevalence of OH and PPH were 72.3 % (95 % CI, 65.8– 82.6%) and 53.2 % (95 % CI, 28.6–73.7 %) 
in patients with MSA; the prevalence of OH was 35 % (95 % CI, 23.1-48.6 %) in DLB patients. 

This article is protected by copyright. All rights reserved.



Conclusions: Orthostatic hypotension and postprandial hypotension are common symptoms in patients with PD, 
MSA, and DLB. Clinicians should be mindful of these symptoms and provide adjunct treatment. Further studies are 
needed to understand the natural history and etiology of these symptoms in neurogenic diseases. 

1546 
Mandibular Advancement Device in Parkinson’s disease: an efficacious and usable device in a disabling 
disease 
V. Cochen DeCock, M. Castel, I. Bonafé (Montpellier, France) 
Objective: The aim of our study is to explore the efficacy, observance, and usability of Mandibular Advancement 
Device in patients with  Parkinson’s disease (PD) and Obstructive Sleep Apnea Syndrome (OSAS). 
Background: OSAS is frequent and disturbing in patients with PD. Continuous Positive Airway Pressure (CPAP) is 
the gold standard treatment of OSAS and its efficacy has already been demonstrated in this peculiar population. 
However, this treatment is not always well tolerated in this population. Patients have severe maintenance sleep 
disorders reducing the acceptability of the device. Visuo-spatial disorders disturb their ability to wear their mask 
alone, increasing the need of help of the caregiver, sometimes repetitively during the night. Mandibular 
Advancement Device (MAD) is a validated alternative treatment to OSAS in the general population. 
Methods: Twenty patients with PD and moderate or severe OSAS were included in the study. Ten patients had 
refused or not tolerated CPAP so that they were treated with MAD. They were matched for sex, age and BMI to ten 
patients with PD treated with CPAP. 
We explored the efficacy of MAD on sleep disorders complaints (PDSS-2) and on sleep recordings in these patients. 
We compared adherence, tolerance and usability of CPAP and MAD in these two groups. 
Results: MAD improved sleep disorders on PDSS-2, apnea hypopnea and oxygen desaturation indexes. Observance 
was much better with MAD than with CPAP. Side effects were similar, but usability and satisfaction of the care 
giver were much better with MAD than CPAP. 
Conclusions: MAD is efficacious, characterized by a good adherence and simple to use in PD with OSAS 

1547 
The Influence of Sociodemographic Factors on Post-DBS Impulse Control Symptom Severity in Parkinson’s 
Disease 
H. Combs, A. Strutt, J. Jimenez-Shahed, N. Niemann, A. Viswanathan, M. York (Houston, TX, USA) 
Objective: To develop a model to predict changes in impulse control symptom severity (ICSS) following deep brain 
stimulation (DBS) in patients with Parkinson’s disease (PD). 
Background: Impulse control disorders (ICDs) are a group of behaviors characterized by a failure to resist an 
impulse to perform an action despite negative effects, including gambling, hypersexuality, binge-eating, and 
compulsive shopping. ICDs are an increasingly recognized complication in PD affecting up to 14% of PD 
patients.1  A consensus regarding the association between ICDs and DBS for the treatment of PD has not been 
reached. While a majority of patients improve following surgery, de novo ICDs have been reported, suggesting a 
need to elucidate the relationship between ICDs and DBS. 
Methods: 21 patients with idiopathic PD (Mage = 60.44, 67% male, Medu. = 15.13) were enrolled in an ongoing 
prospective study examining the role of DBS in the development or resolution of ICSS. Patients underwent a 
neurological examination and a neuropsychological evaluation, including the Questionnaire for Impulsive-
Compulsive Disorders in Parkinson’s Disease Rating Scale (QUIP-RS1), a measurement of impulse control 
symptom severity (ICSS), prior to and one year post-DBS.  Correlation and multiple regression analyses were 
conducted to examine the relationship between post-DBS ICSS and pre-DBS sociodemographic, medical and 
treatment factors. 
Results: There were no significant relationships between levodopa equivalent dosage, dopamine agonist dosage, or 
UPDRS ON/OFF scores and post-DBS ICSS. Pre- and post ICSS was not significantly correlated (r= 0.16, p = 
0.28). However, a multiple regression model including three demographic variables previously found to be related to 
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ICDs in the literature (age, education, and gender), along with pre-DBS ICSS produced a strong predictive model of 
post-DBS ICSS [R2 = 0.89, F(4, 15) = 11.038, p < 0.001]. 
Conclusions: Variance in post-DBS ICSS is better explained by pre-DBS sociodemographic variables than medical 
and treatment factors.  These findings suggest that DBS providers can use patient specific factors prior to surgery to 
tailor psychoeducational feedback sessions regarding potential impulse control symptoms following DBS. 
References: 1. Weintraub D, Mamikonyan E, Papay K, Shea JA, Xie SX, Siderowf A. (2012). Questionnaire for 
impulsive‐compulsive disorders in Parkinson's Disease–Rating Scale. Movement Disorders, 27(2), 242-247. 2. 
Kasemsuk, C., Oyama, G., & Hattori, N. (2017). Management of impulse control disorders with deep brain 
stimulation: A double-edged sword. Journal of the neurological sciences, 374, 63-68. 

1548 
Applicability of questionnaires and study of the prevalence of REM Sleep Behavior Disorder (RBD) in 
Parkinson's disease 
M. Cordellini, A. Machado, C. Costa (Curitiba, Brazil) 
Objective: Evaluation of patients with idiopathic Parkinson's disease regarding the presence of RBD, application of 
the questionnaires, and correlation between the diagnosis of RBD by Polysomnography. 
Background: Patients with Parkinson's disease may present with a series of non-motor manifestations, including 
sleep-related disorders such as REM Sleep Behavior Disorder (RBD), a parasomnia characterized by dream enacting 
behaviors associated with REM sleep without muscle atonia in Polysomnography.  RBD is commonly associated 
with neurodegenerative diseases, mainly of the class of diseases called synucleinopathies, which includes 
Parkinson's Disease (PD). The clinical history is given by the patient's report or a family member of vivid dreams 
with presence of vocalization or complex motor behavior, such as punches, kicks. The "Rapid Eye Movement Sleep 
Behavior Disorder Questionnaire (RBDSQ)" and "Mayo Sleep Questionnaire" can help in a standardized clinical 
evaluation. 
Methods: It was a longitudinal, prospective, observational study, which was approved by the Research Ethics 
Committee on Human Beings of the Institute of Neurology of Curitiba in June of 2017. The sample consisted of 
patients with idiopathic Parkinson's disease, followed in the ambulatory of movement disorders of Institute of 
Neurology of Curitiba. The final n was 49 patients from 71 patients initially selected. The study consisted of 2 steps, 
the application of RBDSQ to all patients and the Mayo Sleep Questionnaire informant version for some of the 
caregivers; The second step consisted of polysomnography after indication based on the RBDSQ score (≥ 5 Points). 
Results: The RBSQ score was ≥ 5 points in 25 of the 49 questionnaires obtained, for which the Polysomnography 
examination was indicated. Of the 25 polysomnograms indicated, 13 were performed and the analysis showed a 
wide combination of sleep related disorders, besides the confirmation of REM sleep behavior disorder in 3 of the 13 
patients, a prevalence of 23%. 
Conclusions: The use of the questionnaires may help to select patients for polysomnography, but despite good 
sensitivity, it has low specificity, since other sleep-related disorders may be present, such as Sleep Apnea, 
mimicking compatible complaints with RBD. Thus, polysomnography is the gold standard method for the 
confirmatory diagnosis. 

1549 
Beneficial effect of 36-month bilateral subthalamic stimulation on quality of sleep compared to standard-of-
care medication in Parkinson’s disease 
H. Dafsari, S. Jost, A. Sauerbier, V. Visser-Vandewalle, K. Ashkan, M. Silverdale, J. Evans, P. Löhrer, A. Rizos, J.N. 
Petry-Schmelzer, G. Fink, M. Barbe, A. Antonini, P. Martinez-Martin, K. Ray-Chaudhuri, L. Timmermann 
(Cologne, Germany) 
Objective: To examine 36-month effects of bilateral subthalamic nucleus (STN) deep brain stimulation (DBS) on 
quality of sleep, depression, and quality of life (QoL) compared to standard-of-care medical therapy in patients with 
Parkinson’s disease (PD). 
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Background: Sleep disturbances and depression are some of the most common nonmotor symptoms (NMS) in 
patients with PD. Several studies provided evidence that STN-DBS improves sleep and there is heterogeneous data 
concerning its influence on depression. Previous studies have provided evidence that dopamine agonists improve 
quality of sleep, depression and QoL co-dependently, whereas little is known about their relationship in patients 
undergoing STN-DBS. 
Methods: In this ongoing, prospective, observational, multicenter study including 66 patients undergoing STN-DBS 
and 229 patients with standard-of-care medical therapy (=MED), we assessed sleep disturbances using the PD Sleep 
Scale-1 (PDSS), QoL employing the PD Questionnaire-8 (PDQ-8) and depression with corresponding subscale of 
the Hospital Anxiety and Depression Scale (HADS-D). Propensity score matching was conducted in order to 
balance baseline characteristics between both treatment groups. Mixed model statistical analyses were performed to 
determine possible interaction effects between type of treatment (STN-DBS vs. MED) and time (baseline vs. 36-
month follow-up). The relationship between changes of these outcome parameters at 36-month follow-up was tested 
with Spearman correlations. 
Results: Propensity score matching resulted in matched sub-cohorts of 40 patients in each treatment group. The 
difference in mean change at 36-month follow-up between both treatment groups was statistically significant for 
PDSS and PDQ-8, but not for HADS-D. PDSS and PDQ-8 improvements were significantly correlated. There were 
no significant correlations between mean changes in PDSS, HADS-D and dopamine agonist dosage. However, a 
reduction of rotigotine, in particular, was significantly correlated with a worsening of depression and morning 
refreshment. 
Conclusions: This is the first report of 36-month beneficial effects of STN-DBS on quality of sleep. Sleep was 
significantly associated with QoL outcome independent from depression and overall medication requirements for 
dopamine agonists. Our study highlights the importance of sleep for holistic assessments of DBS outcomes. 

1550 
Rationale for a Bio-psycho-social Model in pre and post DBS Patientcare and Management: Psychological 
Dimensions 
M. Damianova, M. Lucas, A. Ferreira (Johannesburg, South Africa) 
Objective: The study aimed to present a rationale for a bio-psycho-social model in pre and post DBS patientcare 
and management, with particular reference to outlining the psychological dimensions of such a model, including 
mood, behaviour, personality, social and family support components. 
Background: Historically, the motor symptoms of Parkinson's Disease (PD) have been the primary focus of the 
therapeutic interventions. Over the years, the role of neurocognitive characteristics has been progressively 
acknowledged and much is known about them. However, the scope of psychological dimensions of PD, and their 
significance for selecting the DBS candidates and providing pre and post-surgical care remain insufficiently 
recognised. The role of social and family support for the DBS outcomes tends to be underestimated and the 
management of expectations needs further recognition as a key factor in patients’ perceptions of the success of DBS 
surgery. 
Methods: An availability sample of 40 patient records was examined. Patients’ interview data were reviewed 
together with the results of the structured psychological and neuropsychological pre-surgery assessment, with 
particular reference to the test results on the depression, anxiety, personality and impulsivity measures. 
Results: The pre-surgery assessment protocol incorporated in-depth evaluation of patients’ psychological 
functioning. All patients presented with one or more than one of the following: pre-morbid history of depression; 
elevated current levels of depression and/or anxiety, heightened neuroticism, past trauma or adverse life events. 
Surprisingly, impulsivity did not feature as prominently as expected. These psychological aspects were flagged by 
the psychology team and patients were referred to psychotherapy as a prerequisite for DBS. Addressing patients’ 
expectations was systematic and provided continually by all members of the team throughout the pre and post DBS 
phases. 
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Conclusions: Psychological dimensions are integral to PD symptomatology and should occupy more central place 
in the clinical evaluation and treatment processes. A multidimensional model of patient care and management pre 
and post DBS which extends the biological model by incorporating psycho-social dimensions is considered more 
effective and more encompassing of the array of debilitating symptomatology characterising PD. 

1551 
Prospective Memory in Parkinson’s Disease: the role of the motor subtypes 
A. D'Iorio, G. Maggi, C. Vitale, D. Di Meglio, L. Trojano, G. Santangelo (Caserta, Italy) 
Objective: In the present study, we evaluated whether deficits in Prospective memory (PM) abilities were present to 
the same extent in tremor dominant patients with Parkinson’s Disease (TD-PD) and in patients with 
rigidity/bradykinesia dominant subtype (PIGD-PD). Moreover, we explored whether the possible PM defects might 
be associated with dysfunction of specific neuropsychological processes and also with reduced functional autonomy 
in the two different motor subtypes. 
Background: PM is defined as memory for future intentions and it is typically divided into time-based and event-
based. Deficit of PM has been reported in patients with Parkinson’s Disease (PD) but, until now, no study has yet 
explored the possible influence of motor subtypes (TD and PIGD) on PM abilities. 
Methods: Consecutive PD outpatients were screened and placed into the two groups according to Jankovic et al.’s 
criteria [1]. In addition, we enrolled healthy controls (HCs) matched with PD patients for demographic features. All 
participants underwent a neuropsychological battery to assess PM functioning, verbal memory, executive functions, 
the frequency of prospective and retrospective memory failures, the subjective memory complaints and the apathetic 
symptoms. In PD patients we also evaluated the functional impact of cognitive impairment. 
Results: We enrolled 28 patients with TD-PD, 28 patients with PIGD-PD and 50 HCs. The three groups did not 
differ on demographic and cognitive variables. Patients with TD-PD performed worse on time-based PM tasks than 
patients with PIGD-PD and HCs, while no significant difference was found among the three groups on event-based 
PM tasks. Executive dysfunctions contributed to reduced time-based PM scores in TD-PD. Moreover, more severe 
deficit of time-based PM and more frequency of perceived failures of PM contributed to reduced functional 
autonomy in TD-PD. 
Conclusions: Our finding of a poorer performance of patients with TD-PD on time-based tasks suggests that this 
might be considered as a distinctive non-motor symptom of TD-PD and it might affect the functional autonomy in 
this subtype of PD. 
References: 1. J. Jankovic, M. McDermott, J. Carter, S. Gauthier, C. Goetz, L. Golbe, S. Huber, W. Koller, C. 
Olanow, I. Shoulson, M. Stern, C. Tanner, W. Weiner, Variable expression of Parkinson’s disease: a base-line 
analysis of the DATATOP cohort. The Parkinson Study Group, Neurology 40 (1990) 1529–134. 

1552 
Instrumental evaluation of sleep disturbance and autonomic nervous system dysfunction in idiopathic 
Parkinson’s disease 
M.D. Doręgowska, M.T. Toś, J.M. Malkiewicz, J.S. Siuda, M.R. Rudzińska-Bar (Katowice, Poland) 
Objective: The aim of the study was the instrumental evaluation of occurrence and intensity of autonomic and sleep 
disturbances in patients with idiopathic PD. 
Background: Non-motor symptoms are common in advanced Parkinson’s disease. Autonomic nervous system 
(ANS) dysfunction and sleep disturbances correlate with dementia, depression and faster progression of motor 
symptoms. 
Methods: 52 patients with idiopathic PD have been examined. Neurological and psychological examination 
including cognitive functions have been performed each patients. Then, ANS function was evaluated with five 
minutes resting heart rate variability (HRV) test, where two components were analyzed: LF (component of the low-
frequency range, modulated by sympathetic and parasympatheticNS and associated with baroreceptor activity) and 
HF (component of the high-frequency range, modulated by the parasympathetic NS. The blood pressure has been 
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measured in horizontal position, and in the 1,3 and 5th minute after tilting to 60° during tilt test. The results were 
presumed as positive and the orthostatic hypotension (OH) has been diagnosed when systolic blood pressure has 
dropped >20 mmHg, and diastolic blood pressure >10mmHg. Sleeping problems have been self-reported by 
patients, and were assessed with the PDSS(Parkinson’s Disease Sleepness Scale), and ESS (Epwhort Sleepness 
Scale). Polysomnography examination have been performed in selected cases. 
Results: Based on the tilt test results, PD patients were divided into two groups with and without OH. PD-OH 
patients had significantly longer disease duration, more advanced motor symptoms, and cognitive decline. RBD has 
been reported in 37,5 %PD-OH cases, and 20% of PD without OH, but the difference was not significant. 
Correlation between cognitive impairment severity and sleep disturbance have not been found. In PD-OH autonomic 
dysfunction has been confirmed. In HRV frequency analysis both components of LF and HF ranges and in statistical 
analysis SDNN (standard deviation of NN intervals) were significantly lower (p<0,05) in PD-OH when compared 
with PD without OH. 
Conclusions: HRV analysis, tilt test and sleep study are objective and sensitive instruments for evaluation of non-
motor symptoms in PD patients. OH is one of the main elements of ANS disturbances in PD correlated with 
cognitive decline and worse motor condition. 

1553 
Deep Brain Stimulation of Subthalamic Nucleus (DBS-STN) in Parkinson Disease (PD): Acute Clinical 
Effects in Hypothalamic control 
D. dos Santos, E. Barbosa, R. Cury (São Paulo, Brazil) 
Objective: Objectives: To evaluate the impact of acute STN-DBS on the autonomic nervous system through clinical 
validated scales (SCOPA-AUT and PDSS). 
Background: Background: Several studies point to a hypothalamic dysfunction as an important cause to autonomic 
symptoms in Parkinson Disease (PD).  The deep brain stimulation of subthalamic nucleus (STN-DBS) is an 
important therapy to motor symptoms and it cans modulate pathways and neighbor structures. The hypothalamus 
(HTH) and STN are contiguous structures with imprecise borders and given its anatomical proximity, the HTH 
could be affected by the STN stimulation. 
Methods: Methods: Longitudinal observational case-series study composed of subjects with PD patient who 
underwent STN-DBS due to motor complications. The clinical evaluation was performed before and 3 months after 
surgery. The autonomic function was evaluated with the SCOPA-AUT questionnaire which  consists in six parts: 
gastrointestinal, urinary, cardiovascular, termoregulatory, pupilomotor and sexual function. To evaluate the 
circadian cycle (sleep) it was used the Parkinson Disease Sleep Scale (PDSS). A complementary evaluation of heart 
rate variability with holter was also performed. The level of significance was set at 5% (p<0.05). 
Results: Results: The sample was composed for 9 men and 1 women with mean age of 57 years (SD 14.2). The 
mean in UPDRS improvement was 66% (SD 12%). There was a significantly improvement in SCOPA AUT index 
(p<0.001) due to improvement on gastrointestinal (p<0.001) and urinary function (p<0.03). PDSS show an 
important improvement in the sleep quality (p<0.01). Five patients were evaluated with holter pre- and post-DBS 
and there was a tendency to increase basal heart rate (p = 0.057) 
Conclusions: Conclusion:  STN-DBS in the acute phase has a positive impact in the sleep quality, gastrointestinal 
and urinary function and a tendency to affect basal heart rate. Further studies are need in order to evaluate whether 
these findings are related to a direct modulation of STN-DBS in hypothalamic activity. 

1554 
Non-motor Symptoms in Hyperkinetic Movement Disorders 
H. Egit, M. Balal, M. Demirkiran (Adana, Turkey) 
Objective: To evaluate the frequencies and clinical features of non-motor symptoms in several different 
hyperkinetic movement disorders and compare them with the healthy age- and sex-matched control group. 
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Background: Hyperkinetic movement disorders are neurological syndromes characterized by involuntary 
movements occurring during volitional and automatic actions, in the absence of paresis and spasticity. In the last few 
years, the presence of non-motor symptoms has gained notice in hyperkinetic movement disorders and  a few studies 
investigating non-motor symptoms in essential tremor and dystonia were reported. However, more research needs to 
be done in this area in order to fully understand the many faces of these hyperkinetic disorders. 
Methods: Forty-six patients with focal dystonia (25 cervical dystonia (CD), 21 belpharospasm), 20 with essential 
tremor (ET), 11 with Huntington's disease (HD) and 25 healthy controls were recruited for this study. All cases 
underwent complete neurological examination. The presence of orthostatic hypotension was evaluated in each 
subject. Mini Mental ExaminationTest, Pittsburgh Sleep Quality Index, Beck Depression Scale, Hamilton Anxiety 
Scale, Fatigue Severity Scale, Visual Analog Scale for pain and Non-motor symptom scale were performed in all 
subjects. 
Results: Cognitive impairment was prominent in HD. Concentration and memory problems were also detected in 
both CD and ET. In ET, there was a correlation between the age at onset and the severity of cognitive dysfunction. 
Mood impairment, anxiety, and depression were prominent in CD, ET and HD. Patients with blepharospasm 
suffered from anxiety disorders. Fatigue and pain were prominent in CD and HD, while gastrointestinal and sexual 
dysfunction were prominent in focal dystonias. Sleep quality was affected in at least 40% of the cases, except 
patients with blepharospasm. 
Conclusions: In hyperkinetic movement disorders, nonmotor symptoms can be  as disabling as motor symptoms. It 
is important to increase awareness of these symptoms, in order to provide solutions to the problem and to increase 
the quality of life of  these patients. 
References: Chaudhuri KR, Healy DG, Schapira AH, Non-motor symptoms of Parkinson’s disease: diagnosis and 
management. Lancet Neurol. 2006;5:235–245. Stamelou M, Edwards MJ, Hallet M, Bhatia KP. The non-motor 
syndrome of primary dystonia: clinical and pathophysiological implications,. Brain 2012;135:1668-1681. Han v, 
Skorvanek M, Gdovinova Z. Prevalance of non-motor symptoms in cervical dystonia. Act. Nerv Super Rediviva 
2016;58(2):47-49. Louis ED. Non-motor symptoms in essential tremor: A review of the current data and state of the 
field. Parkinsonism Relat Disord. 2016 Jan;22 Suppl 1:S115-8. 

1555 
The effect of Levodopa-Carbidopa Intestinal Gel on Non-Motor Symptoms, Specificly Autonomic 
Dysfunctions 
H. Ekmekci, M. Gültekin (Ankara, Turkey) 
Objective: The efficacy of LCIG in advenced Parkinson Disease(aPD) is well known. The latter is especially for 
motor complications. But the non-motor symptoms and autonomic problems are often ignored. But these issues are 
very important for elderly and aPD patients with comorbidities. 
Background: The aim of this study is to investigate the effects of LCIG on motor and autonomous signs. The best 
comparison of the results of the treatment with LCIG is carried with UPDRS Scores and with clinical observations. 
Methods: The patients of two centers (Selçuk University, Konya and Erciyes University, Kayseri Deparments of 
Neurology from Turkey) were participated in this study. 
A total number of patients were 22. All were followed from 2014 to early 2019. The clinical courses of these 
patients were evaluated in each quarter annually.  
Non motor symptoms and autonomic problems - urinary retention, frequency, orthostatic hypotension, salivation, 
constipation, impotance, REM period syndrome,  willis - ekbom syndrome etc were all focused on.  
UPDRS scores were all evaluated at ON and OFF periods. 
Results: The neccessity for antipsychotic usage was the most significant changes with LCIG. A similar result was 
faced with REM sleep behavior disorder, daytime sleepiness and orthostatic hypotension and sialorrhea. UPDRS 
scores with each subtitle of non-motor and autonomic signs were compared just before and after LCIG treatments. 
Conclusions: LCIG treatment in aPD is very potent for the  improvement of non-motor symptoms, it is also valid 
for autonomic system dysfuntions. 
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References: 1. Merola A, Romagnolo A, Comi C. et. al. Prevelance and burden of dysautonomia in advanced 
Parkinson's disease. Mov Disord. 2017 May;32(5):796-797. 2. Antonini A, Poewe W, Chaudhuri KR, et. al 
GLORIA study co-investigators. Levodopa-carbidopa intestinal gel in advanced Parkinson's: Final results of the 
GLORIA registry. Parkinsonism Relat Disord. 2017 Dec;45:13-20. 3.Wirdefeldt K, Odin P, Nyholm D. Levodopa-
Carbidopa Intestinal Gel in Patients with Parkinson's Disease: A Systematic Review. CNS Drugs. 2016 
May;30(5):381-404. 

1556 
Cognitive Inhibitory Control and Response to Dopaminergic Medication in Parkinson's Disease 
M. El Haddouchi, A. Handberg, K. Svaerke, A. Loekkegaard (Copenhagen, Denmark) 
Objective: To investigate whether response to dopaminergic medication (DM) correlates to inhibitory cognitive 
control (IC) in patients with Parkinson's disease (PD). 
Background: In the MDS clinical diagnostic criteria for PD (1) a consistent good response to a high dose of DM is 
part of a clinical diagnosis of PD. However, patients with different subtypes of PD may still have a varying degree 
of response to medication. In this study we ask whether the response to DM has a cognitive behavioral correlation 
with respect to IC in PD subjects. 
Methods: After PROSPERO registration, the electronic databases Pubmed, Embase, Psycinfo and Cochrane Library 
were systematically searched. Broad selection criteria were applied since literature was expected to be limited. Two 
independent authors performed the search. Articles were eligible for inclusion if: (i) the article was in English, (ii) a 
quantitative assessment of IC was performed, (iii) a quantitative assessment of response to DM was performed, (iv) 
a group of at least 4 PD patients was investigated. 
Results: The initial search for literature was performed on 19th December. The search yielded 12367 results. After 
screening for titles and abstracts, 77 studies were selected for full text analysis. After full text analysis no articles 
met the inclusion criteria. 
The response to DM is of interest as a lack of a good response to DM despite at least moderate severity of disease is 
listed as an exclusion criterion in the MDS diagnostic criteria for PD. A poor response to medication may point to a 
possible diagnosis of atypical Parkinsonism. However, subtypes of PD may have different or varying effects of 
medication. 
Conclusions: Existing literature do not provide evidence to whether cognitive inhibitory control can be related to 
the effect of dopaminergic medication on motor symptoms in PD. 

1557 
Transient orthostatic blood pressure changes in Parkinson’s Disease: impact on falls, syncope and orthostatic 
intolerance 
A. Fanciulli, N. Campese, G. Goebel, J. Ndayisaba, S. Eschlboeck, C. Kaindlstorfer, C. Raccagni, R. Granata, U. 
Bonuccelli, R. Ceravolo, W. Poewe, G. Wenning (Innsbruck, Austria) 
Objective: To assess the prevalence of transient orthostatic blood pressure (BP) changes and their influence on falls, 
syncope and orthostatic symptoms in Parkinson's disease (PD). 
Background: Orthostatic hypotension (OH) is a common, disabling non-motor feature in PD, defined as a sustained 
BP fall after 3 minutes standing. Transient BP falls within the first minute upon standing negatively influence 
morbidity and mortality in the geriatric population. However, their prevalence and impact on major clinical 
outcomes in PD is unknown. 
Methods: 167 patients with PD who underwent cardiovascular autonomic function tests under continuous non-
invasive heart rate (HR) and BP monitoring at the Innsbruck Medical University between 2007 and 2016 were 
retrospectively studied. 
Results: OH occurred in 16% of patients, while transient orthostatic BP changes within the first minute of standing 
in 20%, the combination of both was present in 6% of patients. Neither OH, nor transient orthostatic BP changes or 
the combination of both were associated with an increased frequency of falls (p: 0.082), syncope (p: 0.473) or 
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orthostatic symptoms (p: 0.235) in the 6 months preceding or following cardiovascular autonomic function testing. 
At multivariate analysis, history of falls was associated with a more advanced H&Y stage (OR: 2.6, p: 0.001) and 
history of syncope (OR: 61,6, p<0.001). History of syncope was associated with a greater systolic (p<0.001) and 
diastolic (p=0.05) BP fall within 30s standing. History of orthostatic symptoms was associated with a greater 
systolic BP fall (p: 0.015) 15s after standing. 
Conclusions: Transient orthostatic BP falls are more frequent than OH in PD. Lower BP values within 30s upon 
standing indirectly increase the risk of falls, by increasing the risk of syncope. A standing test under continuous HR 
and BP monitoring contributes to the identification of a modifiable risk factor for syncope and falls in PD. 

1558 

Withdrawn 

1559 
Measurement properties of the MDS-NMS Non-motor Fluctuations Subscale 
M.J. Forjaz, A. Ayala, C. Rodriguez-Blazquez, A. Schrag, D. Weintraub, A. Rizos, K.R. Chaudhuri, P. Martinez-
Martin (Madrid, Spain) 
Objective: This study aims at describing the measurement properties of the Non-motor Fluctuations (NMFs) 
subscale of the Movement Disorders Society Non-Motor Rating Scale (MDS-NMS) according to the Rasch model. 
Background: The NMFs subscale of the MDS-NMS consists of 8 items that assess changes, in a 0-4 response scale, 
in non-motor symptoms (NMS) in relation to the timing of anti-parkinsonian medications. 
Methods: Neurologists with experience in movement disorders applied the scale to a consecutive sample of 165 
patients, 84 from UK and 81 from the USA. All patients had Parkinson’s disease and NMFs. The following 
measurement properties were analyzed according to the Rasch model, using the RUMM2030 software: fit to the 
Rasch model, unidimensionality, suitability of the responses scale (threshold ordering), item local independency, 
reliability (Cronbach’s alpha and Personal Separation Index [PSI]), and differential item functioning (DIF) by age, 
sex and country. 
Results: The scale showed an adequate fit to the Rasch model: chi-square(18)=33.68, p = 0.01. The scale was 
unidimensional, with item local independency, low PSI (0.52) but adequate Cronbach’s alpha (0.84). No item 
presented DIF by age, sex or country, except the item depression, which showed DIF by country (i.e., for the same 
depression level, UK patients showed higher ratings than USA patients did). 
Conclusions: The NMFs subscale of the MDS-NMS presents good measurement properties. Further studies are 
needed to confirm if the depression item presents a cross-cultural bias. Linear scores obtained from Rasch analysis 
of this scale may be used to calculate change scores. 
References: Martinez-Martin P, Schrag A, Weintraub D, Rizos A, Rodriguez-Blazquez C, Chaudhuri KR, on behalf 
of the IPMDS Non Motor PD Study Group. Pilot study of the International Parkinson and Movement Disorder 
Society- sponsored Non-Motor Rating Scale (MDS-NMS). Mov Disord Clin Practice 2019 (in print). 

1560 
Characteristics of the clinical and cerebral metabolism in Parkinson's disease with atrophy in nucleus basalis 
of Meynert 
M.Y. Gang, T. Baba, Y. Hosokai, Y. Nishio, A. Kikuchi, K. Hirayama, T. Hasegawa, M. Aoki, A. Takeda, E. Mori, K. 
Suzuki (Sendai, Japan) 
Objective: We investigated characteristics of clinical and cerebral glucose metabolic abnormalities in Parkinson’s 
disease (PD) with atrophy in the nucleus basalis of Meynert (NBM). 
Background: Cholinergic dysfunction is associated with cognitive dysfunction in PD [1]. Clarifying the clinical 
characteristics of PD with atrophy in the NBM, the largest cholinergic nucleus in the brain, may help to predict risks 
for cognitive decline [2],[3]. 
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Methods: We studied 56 PD patients without dementia and 13 healthy controls (HCs). Patients were divided into 
two groups by the NBM voxel value (cutoff value; mean voxel value – 1.5 SD in HCs). We performed comparisons 
of motor and non-motor symptoms between patients with and without NBM atrophy. Regional glucose metabolic 
abnormalities in patient groups were analyzed in comparison with those in HCs. 
Results: Twenty patients were classified as PD with NBM atrophy and 36 patients were classified as PD without 
NBM atrophy. PD patients with NBM atrophy showed severe motor impairments, hyposmia, visuoperceptual 
dysfunction, anxiety, and apathy compared to those without NBM atrophy (p < 0.05). PD patients with NBM 
atrophy demonstrated significantly decreased glucose metabolism in parietal and occipital cortices than those in HCs 
(FWE corrected, p < 0.05, k=0). The NBM volume in PD patients was significantly correlated with motor (p < 
0.01), olfactory (p < 0.01), visuospatial (p < 0.01) functions and anxiety/apathy (p < 0.05). 
Conclusions: Our findings suggest that the volume of NBM would be a simple marker of disease progression and a 
cost-effective tool for predicting early dementia conversion in PD. The pathological change of the NBM-related 
cholinergic system could be associated with motor and non-motor symptoms in PD without dementia. 
References: [1] Gratwicke J, Jahanshahi M, Foltynie T. Parkinson's disease dementia: a neural networks 
perspective. Brain. 2015; 138: 1454-76. [2] Ray NJ, Bradburn S, Murgatroyd C, Toseeb U, Mir P, Kountouriotis 
GK, et al. In vivo cholinergic basal forebrain atrophy predicts cognitive decline in de novo Parkinson’s disease. 
Brain. 2018; 141: 165-76. [3] Schulz J, Pagano G, Fernández Bonfante JA, Wilson H, Politis M. Nucleus basalis of 
Meynert degeneration precedes and predicts cognitive impairment in Parkinson’s disease. Brain. 2018; 141: 1501-
16. 

1561 
Structural connectome of brainstem nuclei in REM sleep behavior disorder, a model of premanifest 
synucleinopathy 
M.G. García-Gomar, L.D. Lewis, L. Wald, B. Rosen, A. Videnovic, M. Bianciardi (Boston, MA, USA) 
Objective: To investigate in vivobrainstem structural connectivity changes in a model of premanifest 
synucleinopathy, REM sleep behavior disorder (RBD), using 7 T high spatial-resolution diffusion-tensor-imaging 
(DTI) and a recently developed brainstem nuclei atlas [1-2]. 
Background: RBD patients show a loss of muscle atonia during REM sleep, and have up to a 90% risk of 
developing a neurodegenerative synucleinopathy 14years post RBD-diagnosis [3]. Changes in brainstem nuclei 
microstructure and connectivity are expected in RBD/premanifest synucleinopathy based on animal studies and ex-
vivo human studies [4-5] [figure1]. Yet, these brainstem changes underlying RBD/premanifest-synucleinopathy are 
understudied in living humans. 
Methods: Data acquisition:Under IRB-approval, we acquired at 7 T a MEMPRAGE and a spin-echo DTI[table1],in 
10 idiopathic-RBD patients (age: 69.7±1.59 yrs) and 7 controls (age: 67.6±2.6 yrs). 
Data analysis:a) Preprocessing:see Table1. b) Definition of seed and target regions for DTI-based connectivity 
analysis:As seed regions, we used structural probabilistic atlas labels of 9 brainstem nuclei [1-2] and non-
probabilistic labels of 5 brainstem nuclei [figure1]. As target regions, we used labels of 47 brainstem nuclei [1-2], 41 
cortical/subcortical bilateral regions from Freesurfer parcellation [7], hypothalamus [8] and ventral/dorsal spinal 
cord.c) Single-subject and group DTI-based connectivity analysis:We run deterministic tractography [9]propagating 
10,000 streamlines from each seed and computed a structural “connectivity-index” (range: [0 1]) for each pair of 
seed-target masks (= fraction of streamlines propagated from seed reaching target).Then, we averaged the 
connectivity-index of brainstem nuclei with target-regions across subjects and displayed the group connectome with 
a 2D circular diagram [10]. 
Results: The structural connectome of brainstem nuclei showed overall decreased connectivity of brainstem nuclei 
in RBD compared to controls [figure2]. Specifically, the observeddecreased connectivity of SNR with the PTgand of 
sMRt [figure3-4] with contralateral brainstem nuclei in RBD is in line with animal RBD-studies and models of 
synucleinopathy progression [5]. 
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Conclusions: The structural connectome of brainstem pathways in living humans is a promising tool to better 
understand and assess premanifest synucleinopathy stages. 
References: 1. Bianciardi M, Toschi N, Edlow BE, et al., (2015), ‘Toward an in vivo neuroimaging template of 
human brainstem nuclei of the ascending arousal, autonomic, and motor systems’. Brain Connect, vol. 5, no. 10, pp. 
597-607. 2. Bianciardi M, Strong C, Toschi N, et al., (2018), ‘A probabilistic template of human mesopontine 
tegmental nuclei from in vivo 7T MRI’. Neuroimage, vol. 170, pp. 222-230. 3. Postuma RB. (2014), ‘Prodromal 
Parkinson’s disease – using REM sleep behavior disorder as a window’. Parkinsonism Relat Disord, vol. 20, Suppl1: 
S1-4. 4. Braak H, Del Tredici K, Rub U, et al., (2003), ‘Staging of brain pathology related to sporadic Parkinson’s 
disease’. Neurobiol Aging, vol. 24, no. 2, pp. 197-211. 5. Boeve BF, Silber MH, Saper CB, et al., (2007), 
‘Pathophysiology of REM sleep behavior disorder and relevance to neurodegenerative disease’. Brain, vol. 130, no. 
Pt 11, pp. 2770-2788. 6. Varentsova A, Zhang S, Arfanakis K., (2014), ‘Development of a high angular resolution 
diffusion imaging human brain template’. Neuroimage, vol. 91, pp. 177-186. 7. Desikan RS, Segonne F, Fischl B, et 
al. (2006), ‘An automated labeling system for subdividing the human cerebral cortex on MRI scans into gyral based 
regions of interest’. Neuroimage, vol. 31, no. 3, pp. 968-980. 8. Pauli WM, Nili AN, Tyszka M. (2018) ‘Data 
Descriptor: A high-resolution probabilistic in vivo atlas of human subcortical brain nuclei’. Scientific Data, vol. 5, 
180063. 9. Basser PJ, Pajevic S, Pierpaoli C, et al. (2000), ‘In vivo fiber tractography using DT-MRI data’. 
Magnetic Resonance in Medicine, vol. 44, 625-632. 10. Irimia A, Chambers MC, Torgerson CM, et al., (2012), 
‘Circular representation of human cortical networks for subject and population-level connectomic visualization’. 
Neuroimage, vol. 60, no. 2, pp. 1340-1351. 
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1562 
Effect of non-contact boxing on non-motor symptoms in Parkinson's disease 
A. Ghaffar, R. Gallagher, L. Rubin, S. Dharia, L. Ketigian, J. Whalen, Z. Scheid, K. Patel, J. Zhu, C. Michaelides, A. 
Leder (Old Westbury, NY, USA) 
Objective: To determine if one session per week of Rock Steady Boxing (RSB) for 12 to 36 weeks resulted in 
improved cognition, mental health, activities of daily living, and quality of life. 
Background: Current medications for PD can provide relief of motor symptoms, but non-motor symptoms are less 
responsive. Therefore, adjunctive therapies are needed. Rock Steady Boxing is a group exercise program tailored 
specifically for people with Parkinson’s disease (PD). Studies have shown improvements in motor symptoms and 
quality of life (QOL) after participation in a program. However, it is not known if RSB has an impact on cognitive 
function, mental health, or ability to participate in daily activities. 
Methods: One hundred people with PD were evaluated for the RSB program at NYIT’s College of Osteopathic 
Medicine using the Montreal Cognitive Assessment, Unified Parkinson’s Disease Rating Scale (UPDRS) parts I and 
II, the PHQ-9 and PDQ-39.  Participants in the study voluntarily agreed to attend a minimum of 1 boxing class a 
week for a minimum of 12 weeks, and up to 36 weeks.  Statistical analysis were performed using IBM SPSS 
Version 23. 
Results: Forty-four individuals with PD (33 males, 11 females, mean age 71 years; H&Y stage 1-3) participated in 
the study.  Separate paired samples t-tests were conducted comparing baseline to re-assessments.  Results were 
significant for the PHQ-9 between baseline and 12 weeks (t=1.796, df=27, p=0.04), 24 weeks (t=2.966, df=11, 
p=0.01), and 36 weeks (t=2.727, df=11, p=0.01). The UPDRS-II showed a difference between baseline and 12 
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weeks (t = -2.132, df = 28, p= 0.02) and 36 weeks (t=-2.569, df=38, p=0.01). The PDQ-39 showed a difference 
between baseline and 24 weeks (t=4.34, df=11, p < 0.000). 
Conclusions: Currently, there are no known guidelines regarding intensity, frequency, or modality of exercise to 
improve mental health and activities of daily living in people with PD.  Results of this study indicate that 
participation in RSB one session per week for 12-36 weeks may result in improvements in these aspects of life that 
are adversely affected in people with PD.  Future research should include a larger sample size and increased 
frequency of weekly attendance which may yield an improvement in cognition as well. 
References: Mattay, V., & Casey, D. (2002). Neuroleptic-Induced Acute Extrapyramidal Syndromes and Tardive 
Dyskinesia. Schizophrenia,552-572. doi:10.1002/9780470987353.ch28 D. Larson, D. Bega, E. Johnson, L. Slowey. 
Effects of Rock Steady Boxing on Activities of Daily Living and Motor Symptoms of Parkinson’s Disease 
[abstract]. Mov Disord. 2018; 33 (suppl 2). https://www.mdsabstracts.org/abstract/effects-of-rock-steady-boxing-on-
activities-of-daily-living-and-motor-symptoms-of-parkinsons-disease/. Accessed March 1, 2019. Combs SA, Diehl 
MD, Staples WH, et al. “Boxing Training for Patients With Parkinson Disease: A Case Series.” Physical Therapy 
2011; 91: 132-142. Chou, C., Hwang, C., & Wu, Y. (2012). Effect of Exercise on Physical Function, Daily Living 
Activities, and Quality of Life in the Frail Older Adults: A Meta-Analysis. Archives of Physical Medicine and 
Rehabilitation,93(2), 237-244. doi:10.1016/j.apmr.2011.08.042 

1563 
A Dual-Center Study of Pain and Other Non-motor Symptoms in Parkinson disease 
P. Ghosh, P. Imbriani, N. Caputi, L. Covington, A. Sparks, T. Schirinzi, Y. Salnikova, S. Natoli, A. Pisani 
(Washington DC, DC, USA) 
Objective: This study aims to explore the relationship between pain and other non-motor symptoms in Parkinson 
Disease (PD). 
Background: Pain is a common non-motor symptom (NMS) in PD that is difficult to treat.[1-3] Evidence suggests 
that impaired central nociceptive processing plays a role in the pathogenesis of pain in PD.[3] Furthermore, pain 
may cluster with other NMS like sleep disturbance, autonomic dysfunction and depression, possibly implicating a 
common pathophysiology.[4,5] Adequate treatment of pain may require treating related NMS. 
Methods: This is a cross-sectional, observational study of consecutive patients with idiopathic PD, ages 18-
85.  Subjects were evaluated at two academic centers using the UPDRS III, King's PD Pain Scale (KPPS), Non-
Motor Symptoms Scale (NMSS) and Beck Depression Inventory (BDI). Exclusion criteria were atypical 
Parkinsonism, cognitive impairment (MMSE < 24/30), severe disability (H&Y stage >4), or other diseases causing 
acute or chronic pain.  Spearman’s rank correlation coefficient and multiple regression were used for data analysis. 
Results: 167 patients were enrolled (Table 1) and 88.6% (n=148) experienced pain (defined as KPPS total > 0) with 
musculoskeletal pain being most prevalent (Figure 1). Pain correlated with multiple NMS (Table 2), and had the 
strongest correlation with sleep disruption (NMSS-2).  Multiple regression analysis (F=19.95; P<0.001) with 
R2=0.42 revealed independent associations between pain and female gender (P=0.003), cardiovascular disturbance 
(P=0.001), and sleep disruption (P<0.001). The independent association between pain and sleep persisted in the 
subgroup of pain patients on dopaminergics (n=126; P=0.001).  Patients with pain had significantly higher sleep 
disruption scores than those without pain (median 8 vs. 4; P=0.017; Figure 2).  Further analysis of specific sleep 
disturbances showed that fatigue had the strongest correlation with pain and correlated across multiple pain subtypes 
(Table 3). 
Conclusions: Pain is highly prevalent in PD and is independently associated with sleep disruption, even in those 
treated with dopaminergics.  This suggests that pain may be linked to sleep disruption, particularly fatigue. While 
pain may lead to poor sleep quality, it is also possible that pain and sleep disruption share a common 
pathophysiology[4] or that sleep disruption may lower the pain threshold.  Moreover, treating pain in PD may also 
require addressing related NMS. 
References: 1 Ford, B. (2010). Mov Disord 25 Suppl 1: S98-103. 2 Silverdale, M. A., et al. (2018). Parkinsonism 
Relat Disord 56: 27-32. 3 Antonini, A., et al. (2018). Eur J Neurol 25(7): 917-e969. 4 Martinez-Martin, P., et al. 
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(2019). Mov Disord Clin Pract 6(1): 57-64. 5 Sauerbier, A., et al. (2016). Parkinsonism Relat Disord 22 Suppl 1: 
S41-46. 
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1564 
Relationships of gender, care models, and neuropsychiatric symptoms in Parkinson’s disease 
J. Goldman, S. Wu, C. Martinez-Rubio, V. Todaro (Chicago, IL, USA) 
Objective: To examine relationships among gender, care models, and presence and management of neuropsychiatric 
symptoms of Parkinson’s disease (PD). 
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Background: Neuropsychiatric symptoms such as depression and psychosis frequently affect people with PD. 
Improved recognition, management, and care delivery for these symptoms is critical to optimize the lives of people 
with PD and their care partners. 
Methods: We analyzed data from the Parkinson’s Outcome Project (POP, formerly PF-QII) and Centers of 
Excellence (COE) programs of the Parkinson’s Foundation. We determined frequencies and summary statistics for 
PD participants who were identified with depression or psychosis, referred to a psychologist or psychiatrist, and 
receiving antipsychotic or antidepressant medication. We examined differences in symptom presence and 
management by gender and also by COE care model: allied health and center team providers working as 1) within 
the same institution (“all-in-one”), 2) within different but affiliated institutions (“affiliate”), and 3) for different and 
separate institutions (“independent”). 
Results: A total of 5311 participants were included in the gender comparison; among them, 4073 were from 22 
COEs for whom care model data was available (“all-in-one, n=11 centers, “affiliate,” n=9, and “independent,” n=2). 
More women than men were identified as having depression (37.9% vs 31.5%), receiving treatment for depression 
(28.0% vs 20.6%) with antidepressant medications (40.7% vs. 32.3%), and reporting limited activities due to 
depression (13.9% vs 9.2%) (all p’s < 0.0001). In contrast, there were no significant differences in men and women 
with respect to having psychosis, taking antipsychotic medications, or seeing a psychologist or psychiatrist. 
Compared to the “all-in-one” and “affiliate” models, PD participants from the “independent” model were 
significantly less likely to be referred to psychologist and more likely to be hospitalized due to neuropsychiatric 
symptoms (all p’s < 0.0001). 
Conclusions: While both neuropsychiatric symptoms, depression and psychosis are experienced and treated 
differently depending on gender. In addition, type of care model can impact mental health referrals and 
hospitalization rates. These findings demonstrate the need to expand our understanding of how gender affects care 
and outcomes for women with PD. 

1565 
Gastrointestinal symptoms predict cognitive decline in Parkinson’s Disease 
A. Gonçalves, A. Mendes, N. Vila-Chã, I. Moreira, S. Cavaco (Porto, Portugal) 
Objective: To explore the predictive value of non-motor symptoms on the cognitive decline of patients with 
Parkinson’s disease (PD) in a three-year follow up. 
Background: Patients with PD are at increased risk of cognitive decline. It is clinically important to identify 
predictors of cognitive decline. The existing evidence suggests that non-motor symptoms of PD may be critical 
determinants of PD prognosis. Non-motor symptoms often occur in clusters, which may reflect different phenotypes 
of the disease. 
Methods: Sixty-two consecutive patients with PD (60% men; mean age=68±11; education=7±4; disease 
duration=8±6; levodopa equivalent dose=784mg±583; UPDRS-III Off=31±11 and On=20±8) performed the 
Dementia Rating Scale-2 (DRS-2) and answered the Non Motor Symptoms Scale (NMSS). Participants were 
evaluated at baseline and after an approximate 3-year period (mean= 1092 days±64). The 5th percentile of 
demographically adjusted norms (adjusted for age and education based on normative data) was used to identify 
cognitive impairment on the DRS-2 total score. Cognitive decline at follow up was defined as a DRS-2 total 
adjusted score decline greater than 0.5. Chi-square, Mann-Whitney, and Multiple Logistic Regressions were applied 
for data analyses. 
Results: Seventeen patients (27%) had cognitive impairment at baseline and 35 patients (56%) showed cognitive 
decline at follow-up. Cognitive decline was related with older age (p=0.016), longer disease duration (p=0.020), 
higher levodopa equivalent dose (p=0.022), and more non-motor symptoms on NMSS total score (p=0.024) in the 
first evaluation. No significant associations (p>0.05) were found with sex, education, age at disease onset, UPDRS-
III OFF and ON, or cognitive impairment at baseline. Regarding the 9 NMSS domains, patients with cognitive 
decline at follow up had more attention/memory (domain 5; p=0.012) and gastrointestinal tract (domain 6; p=0.009) 
complaints at baseline. Gastrointestinal symptoms (adj odds=1.234, p=0.013) and specifically constipation (adj 
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odds=1.244, p=0.041) remained statistically associated with cognitive decline even when age, disease duration and 
levodopa equivalent dose were taken into account. 
Conclusions: The study results revealed that gastrointestinal symptoms are significant predictors of future cognitive 
decline in PD. These findings may provide additional support to the concept of "gut-brain axis" in PD. 

1566 
Comparison of autonomic symptoms on Parkinson's disease and essential tremor with SCOPA-AUT 
J. Gonzalez (Lima, Peru) 
Objective: To compare the presence of autonomic symptoms on Parkinson's disease (PD) and essential tremor (ET) 
applying the Scale for Outcomes in Parkinson’s disease for Autonomic Symptoms (SCOPA-Aut) 
Background: For years the relationship between Parkinson's disease and essential tremor has remained 
controversial. Although both are different diseases, there is great evidence of clinical overlap between both of 
them. Despite all the similarities between both diseases, and the extensive evidence regarding the autonomic 
component of Parkinson's disease, little or nothing has been studied with respect to the possible presence of 
autonomic symptoms in essential tremor. 
Methods: Fifty patients with PD, 50 with ET and 50 healthy controls of similar ages and sexes attended in 
outpatient consultation between the months of May and November 2017 were evaluated applying the SCOPA-Aut 
questionnaire and the results were compared. 
Results: The average age was higher in patients with PD (73.42 ± 10.02). The proportion of women was 40% versus 
60% of men in PD, unlike ET where the proportion was inverse. The average scores of SCOPA-Aut are much higher 
in patients with PD than with ET and controls, the last two achieving similar scores. Women obtained higher scores 
than men in the SCOPA-Aut, both in the PD and ET groups; the gastrointestinal and urinary domains obtained the 
highest scores. A correlation was observed between age and the score obtained in the SCOPA-Aut. 
Conclusions: It can be concluded from these results that autonomic symptoms in patients with essential tremor are 
not different from those presented by healthy controls, unlike patients with Parkinson's disease. This would not be 
an area of clinical overlap between PE and the TEA. Also it can be said that there is a relationship between age and 
the number of dysautonomic complications observed. 
References: 1. Adler CH. Nonmotor complications in Parkinson’s disease. Mov Disord 2005; 20 (Suppl. 11):S23-9. 
2. Chaudhuri KR, Yates L, Martinez-Martin P. The non-motor symptom complex of Parkinson’s disease: time for a 
comprehensive assessment. Curr Neurol Neurosci Rep 2005; 5: 275–83. 3. Chaudhuri KR. Autonomic dysfunction 
in movement disorders. Curr Opin Neurol 2001; 14: 505–11. 4. Jost WH. Autonomic dysfunctions in idiopathic 
Parkinson’s disease. J Neurol 2003;250(Suppl. 1):I28 –I30. 5. Chaudhuri KR, Healy DG, Schapira AH. Non-motor 
symptoms of Parkinson’s disease: diagnosis and management. Lancet Neurol 2006;5:235-45. 6. Pfeiffer RF. 
Gastrointestinal dysfunction in Parkinson’s disease. Lancet Neurol 2003; 2: 107–16. 7. Goldstein DS. Dysautonomia 
in Parkinsons`s disease: neurocardiological abnormalities. Lancet Neurol Nov 2003;2(11):669-76. 8. Sakakibaya R, 
Uchiyama T, Yamanishi T, Shirai K, Hattori T. Bladder and bowel dysfunction in Parkinson’s disease. J Neural 
Transm 2008;115(3):443-60. 9. Swinn L, Schrag A, Viswanathan R, Bloem BR, Lees A, Quinn N. Sweating 
dysfunction in Parkinson’s disease. Mov Disord 2003;18:1459-63. 10.Yu M, Roane DM, Miner CR, Fleming F, 
Rogers JD. Dimensions of sexual dysfunction in Parkinson Disease. Am J Geriatr Psychiatry 2004; 12: 221–26. 
11.Pezzella FR, Colosimo C, Vanacore N, et al. Prevalence and clinical features of hedonistic homeostatic 
dysregulation in Parkinson’s disease. Mov Disord 2005; 20: 77–81. 12.Louis ED, Ferreira JJ. How common is the 
most common adult movement disorder? Update on the worldwide prevalence of essential tremor. Mov Disord 
2010; 25: 534-41. 13.Deuschl G, Elble R. Essential tremor--neurodegenerative or nondegenerative disease towards a 
working definition of ET. Mov Disord 2009; 24: 2033-41. 14.Jankovic J. Essential tremor: A heterogeneous 
disorder. Mov Dis 2002;17:638–644 15.Singer C, Sanchez-Ramos J, Weiner WJ. Gait abnormality in essential 
tremor. Mov Disord 1994;9:193–196. 16.Lacritz LH, Dewey R Jr, Giller C, Cullum CM. Cognitive functioning in 
individuals with _benign_ essential tremor. J Int Neuropsychol Soc 2002;8:125–9. 17.Gasparani M, Bonifati V, 
Fabrizio E et al. Frontal lobe dysfunction in essential tremor: a preliminary study. J Neurol 2001;248:399–402. 
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1567 
The frequency of lower urinary tract symptoms in patients with Parkinson's disease and Clinical efficacy of 
istradefylline 
Y. Higashi, M. Tabata, T. Tabuchi (Himeji, Japan) 
Objective: We evaluated using the questionnaire to investigate the frequency of lower urinary tract symptoms 
(LUTSs) in Parkinson's disease at our clinic. For patients with severe LUTs, istradefylline was administered and the 
effect was observed. 
Background: After a long clinical course, bladder dysfunction would be a major clinical issue in patients with 
Parkinson’s disease (PD). Although the LUTs in PD  is well known, it has not been thoroughly investigated due to 
the lack of time in actual examination. Several reports suggest anti-PD treatments may influence bladder 
control.  Istradefylline, a novel non-dopaminergic selective adenosine A2A receptor antagonist, was approved in 
Japan in March 2013. According to recent reports, istradefylline improves motor symptoms as well as LUTS of PD 
patients. 
Methods: The patients enrolled are PD patients undergoing treatment at our clinic. In order to analyze LUTs and 
QOL, we employed the International Prostate Symptom Score (IPSS), QOL score, and Overactive Bladder 
Symptom Score (OABSS). OABSS and I-PSS were performed on each patient, and the frequency of lower urinary 
tract symptoms was investigated.  In addition, patients with OABSS number of 8 or more were judged as severe.  Of 
patients who got consent with severe illness, 20 mg of isradifylline was administered for 1 month, and OABSS and 
I-PSS were then administered to evaluate the effect on LUTs. 
Results: n the survey of LUTs frequency 147 outpatients were enrolled. There were 45 patients who had moderate 
degrees of IPSS total number of 8 or more. There were 39 patients who had severe degrees of OABSS total number 
of 8 or more. For the administration test of isradifylline, 12 patients participated. There were 4 males and 8 females. 
The OABSS total number (9.33 to 6.08), urgency (3.08 to 1.75) and urge urinaly incontinence (3.00 to 1.42) were 
improved significantly after treatment with istradefylline.  The IPSS total number (9.64 to 7.00)  and filling 
questionnaire number (6.55 to 4.45) were improved significantly after treatment with istradefylline. 
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Conclusions: The frequency of LUTs in our department is about 25%. Use of a medical questionnaire is effective 
for detecting LUTs. 
Some antiparkinsonian drugs may be effective for bladder dysfunction. Adenosine A2A receptor antagonists are 
useful as a new pharmacological treatment for overactive bladder in patients with PD. 

1568 
Non-Motor Symptoms in Patients with Parkinson's Disease: Effect of Gender, Disease Severity, and Disease 
Phenotype 
V. Holla, A. Lenka, S. Chaithra, A. Stezin, S. Prasad, N. Kamble, R. Yadav, P. Pal (Bengaluru, India) 
Objective: This study assessed the frequency of NMS in PD and their relationship with gender, severity and PD 
motor phenotypes. 
Background: Non-motor symptoms (NMS) is one of the major contributors towards disability and impaired quality 
of life in patients with Parkinson’s disease (PD). NMS distribution between gender, disease phenotype and 
correlation with severity have been studied sparingly. [1,2] 
Methods: Patients with PD were assessed for NMS using questionnaire (NMSQuest). [3] Unified Parkinson’s 
disease rating scale-part III (UPDRS-III) and Hoehn and Yahr (H&Y) staging was done in medication OFF state. 
Patients were classified into tremor dominant (TD), postural instability and gait dominant (PIGD) or indeterminate 
motor phenotypes based on UPDRS sub-scores.The frequency of NMS and their relation to severity, stage, and 
phenotype of PD were analysed. 
Results: One forty patients with PD (72% men) with mean age of 57.4±9.6 years were recruited. At least one NMS 
was present in 97% patients while 45% had more than 10 NMS. Nocturia (54.3%), urinary urgency (47.1%), 
constipation (45.7%) were common while faecal incontinence (2.1%), delusions (3.6%) were uncommon. 
Nausea/vomiting, unexplained pain and feeling sad/blue were significantly more often in women while constipation 
and difficulty having sex were common in men. The total score of NMS questionnaire showed significant positive 
correlations with duration of symptoms (r=0.424, p<0.01), UPDRS-III OFF score (r=0.410, p<0.01) and H&Y 
staging (r=0.436, p<0.01). In patients with disease duration of ≤5 years (n=58), PIGD subtype (n=13) had 
significantly more patients with dribbling of saliva, difficulty concentration, feeling sad/blue, swelling of legs and 
delusions compared to TD subtype (n=45). 
Conclusions: NMS were more often seen with longer duration of illness and severe disease (UPDRS-III OFF score 
and H&Y stage). Some non-motor symptoms were more commonly seen in PIGD phenotype compared to TD 
phenotype. 
References: 1. Nicoletti A, Vasta R, Mostile G et al. Gender effect on non-motor symptoms in Parkinson's disease: 
are men more at risk? Parkinsonism Relat Disord. 2017;35:69-74. 2. Wu Y, Guo XY, Wei QQ et al. Non-motor 
symptoms and quality of life in tremor dominant vs postural instability gait disorder Parkinson's disease patients. 
Acta Neurol Scand. 2016;133:330-7. 3. Chaudhuri KR, Martinez-Martin P. Quantitation of non-motor symptoms in 
Parkinson's disease. Eur J Neurol. 2008 Sep;15 Suppl 2:2-7. 

1569 
Frailty status predicts falls in early Parkinson’s disease 
S. Holland, R. Morris, B. Galna, L. Rochester, A. Yarnall (Newcastle upon Tyne, United Kingdom) 
Objective: To establish whether there is an association between frailty and falls in early Parkinson’s (PD). 
Background: PD is a syndrome in which postural control, falls and gait impairments dominate. PD also is present 
in the context of ageing in which ageing syndromes such as frailty and multi-morbidity coexist. Frailty has been 
defined as a state where multiple body systems lose their in-built reserves. To date there has been little exploration 
of falls risk with respect to frailty. 
Methods: As part of the Incidence of Cognitive Impairment in Cohorts with Longitudinal Evaluation - Parkinson's 
disease - GAIT (ICICLE – GAIT) study, participants were classified as robust, pre-frail or frail according to the 
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electronic frailty index, comprised of 36 health deficits. They were also categorised as fallers on non-fallers, 
depending on whether they had fallen in the previous 12 months. 
Results: Mean age of the 119 participants was 66.9 (±10.5) years, 66.4% were male, with a disease duration 6.3 
(±4.7) months, mean MDS UPDRS III score of 25.4 and Montreal Cognitive Assessment of 25.2. 37 (31.1%) were 
classified as robust, 52 (43.7%) as pre-frail, and 30 (25.2%) as frail. Of the 119, 26 (21.8%) had fallen in the prior 
12 months. Those that were frail were more likely to have fallen (50% fallers were frail vs. 17.3% pre-frail and 5.4% 
robust, X2=20.4, p<0.001). 
Conclusions: Even at very early disease, a considerable proportion of PD patients are classified as frail. Frailty 
status was associated with retrospective falls, suggesting that these may form a different falls phenotype which 
requires a different approach to falls risk reduction. 
(Also presented at the Parkinson's UK Research Conference, York, UK, 12th November 2018) 

1570 
Relationship between RBD and olfactory disorder, clinical symptoms in Parkinson's disease 
M. Iijima, F. Yoshi, K. Suzuki, S. Nogawa, T. Osada, H. Hirata, K. Kitagawa, N. Hattori, Y. Okuma (Tokyo, Japan) 
Objective: We aimed to assess the association among RBD, olfactory function and clinical symptoms in patients 
with Parkinson's disease (PD). 
Background: Rapid eye movement sleep behavior disorder (RBD) and olfactory dysfunction are common clinical 
non-motor symptoms and useful for early diagnosis in patients with PD. RBD and severe olfactory dysfunction are 
also regarded as risk factors for cognitive impairment in PD. 
Methods: Subjects were 417 PD patients without dementia (age 68.1 ± 8.1 years; 192 males, 225 females, mean 
Mini-Mental Examination score 28.3 ± 2.5 points) with average disease duration of 6.5 years. 84% of subjects were 
taking anti - PD medication. Levodopa equivalent dose (LED) averaged 477 mg / day. The presence of RBD 
symptoms was determined using the RBD screening questionnaire Japanese version (RBDSQJ) and RBD 1Q. 
Olfactory function was evaluated by odor identification test for Japanese consisting of 12 different odorants. Clinical 
symptoms were evaluated on the Movement Disorder Society-sponsored revision of the Unified Parkinson's Disease 
Rating Scale (MDS-UPDRS) part I - IV. 
Results: One hundred thirty seven subjects (32.9%) indicated a history of RBD symptoms by RBD 1Q, and 140 
subjects (33.6 %) by RBDSQJ when the RBD criterion for RBDSQJ was 6 points or more. The MDS-UPDRS I, II 
and III scores and the LEDs were significantly higher (p < 0.001), and longer disease duration (p < 0.05) in the 
group with RBD. RBD was associated with hallucination among MDS- UPDRS part I items, and with male (p < 
0.05). The average number of correct answers in the olfactory identification test was 4.4 points in RBD group and 
4.9 points in non- RBD group, and there was a declining tendency (p = 0.053) in the RBD group. 
Conclusions: There were approximately 30% of subjects with RBD by the questionnaire. Motor and non-motor 
functions were significantly reduced in PD patients with RBD. 

1571 
Relationship between pain and autonomic symptoms in Parkinson's Disease: a double-center, cross-sectional, 
observational study 
P. Imbriani, P. Ghosh, T. Schirinzi, N. Caputi, L. Covington, A. Sparks, Y. Salnikova, S. Natoli, A. Pisani (Rome, 
Italy) 
Objective: To investigate the relationship between pain and autonomic symptoms in Parkinson’s disease. 
Background: Pain is a relevant non-motor symptom (NMS) affecting the quality of life of patients with Parkinson’s 
disease (PD)[1], however the precise pathophysiological mechanisms that drives painful symptoms are not yet fully 
understood. Autonomic symptoms are also common in parkinsonian patients [2] and often cluster with pain, 
possibly implicating a common pathophysiology. 
Methods: We conducted a cross-sectional observational study on 167 patients with idiopathic PD. Subjects were 
assessed with UPDRS-part III, H&Y stage, King’s Parkinson’s Disease Pain Scale (KPPS)[3], Non Motor 
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Symptoms Scale (NMSS) and Beck Depression Inventory (BDI). Exclusion criteria were atypical Parkinsonism, 
cognitive impairment (MMSE≤24/30), severe disability (H&Y stage≥4), or other diseases causing acute or chronic 
pain.  Spearman’s rank correlation coefficient and multiple regression were used for data analysis. 
Results: Table 1 summarizes the characteristics of the study population [Table 1]. The prevalence of pain (defined 
as KPPS total > 0) was 88.6%, in line with previous studies [4] [Figure 1]. Pain correlated with multiple NMS 
[Table 2]. Multiple regression analysis (F=19.95; P<0.001) with R2=0.42 revealed independent associations 
between pain and female gender (P=0.003), cardiovascular disturbance (P=0.001) and sleep disruption (P<0.001). 
Dysautonomia, depression and sleep disturbance each had the strongest correlations with pain. Dysautonomia score 
was evaluated considering NMSS domain 1 (cardiovascular), 6 (gastrointestinal), 7 (urinary) and 8 (sexual 
dysfunction). Patients with pain had significantly higher autonomic symptoms scores than patients without pain 
(P=0.0008) [Figure 2]. Among autonomic symptoms, cardiovascular and gastrointestinal disturbances had the 
strongest correlation with pain and correlated across multiple pain subtypes [Table 3]. 
Conclusions: Pain is a frequent symptom in PD. Our analysis shows a possible link between pain and 
dysautonomia, suggesting a common pathophysiology. We hypothesize a shared pathophysiology of degeneration in 
brainstem monoamine pathways from early stages of PD, which underpins autonomic symptoms and altered 
processing of pain [5]. Further studies are warranted to better comprehend the pathogenesis of pain in PD, and for 
specific potential treatments. 
References: [1] Storch A et al (2013). Neurology; 80(9): 800 – 809. [2] Fil A et al, (2013). Parkinsonism Relat 
Disord; 19(3):285-94. [3] Chauduri KR et al (2015). Mov Disord; 30(12): 1623-31. [4] Rodríguez-Violante M et al 
(2017), Mov Disord Clin Pract; 4(4):545-551. [5] Silverdale MA et al, (2018). Parkinsonism Relat Disord; 56:27-32. 
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1572 
Comparison of Zonisamide with Non-Levodopa, Anti-Parkinson’s disease Drugs in the Incidence of 
Parkinson’s Disease-Relevant Symptoms 
H. Iwaki, M. Tagawa, K. Iwasaki, K. Kawakami, M. Nomoto (Toon, Japan) 
Objective: This study was to compare zonisamide and other anti-PD drugs by analyzing their associations with the 
incidence of PD-relevant symptoms. 
Background: Patients with Parkinson’s disease (PD) experience various symptoms related to the disease 
progression and the medication. Few large-scale studies have investigated the associations between zonisamide and 
these symptoms. 
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Methods: This was a cohort study based on claims data from Diagnosis Procedure Combination hospitals between 
2008 and 2014 in Japan. Patients were included in the cohort if they were diagnosed with PD, aged ≥40 years, and 
were prescribed anti-PD drugs from the same single class without switching to/combination use with other classes 
excepting levodopa. The outcomes were the incidence of PD-relevant symptoms from the following categories; 
mental/psychiatric, autonomic nervous system, motor-related, and gastric symptoms. The associations between the 
incidence of these symptoms and the prescriptions of 8 different classes of anti-PD drugs were explored by the 
survival analysis. 
Results: In the final cohort, 9,157 patients were included. The zonisamide use was significantly associated with a 
lower risk of dementia, insomnia, and gastric ulcers than 3 of 7 other classes without levodopa (p < 0.05). 
Conclusions: There may be a potential clinical impact of zonisamide on some of the PD-relevant symptoms. 

1573 
Olfactory dysfunction in Parkinson's disease 
N. jalami, H. bentahar, M. chraa, N. kissani (marrakech, Morocco) 
Objective: It is to propose a psychophysical test of the olfactory function. Its originality is to use Moroccan odorous 
products belonging to our culture to study the preponderance of olfactory dysfunction in Parkinson’s disease. 
Background: Parkinson's disease (PD) is the second most common neurodegenerative pathology after Alzheimer's 
disease. Bradykinesia, rigidity and tremor are his clinical signs; however, there are non-motor signs that affect other 
functions such as neuropsychiatric troubles, olfactory disorders, cognitive, or emotional impairments. Olfactory 
disorders are among the first non-motor signs that appear years before the onset of motor disorders. Several studies 
have be published to develop psychophysical olfactory tests in order to have a predictive diagnosis. Our study is the 
first experience on the Moroccan population in the country. 
Methods: An analytical case-control study carried out in the neurology department of the Mohammed VI university 
medical center in Marrakech, including 69 Parkinsonians and 66 healthy subjects, respecting the same conditions.It 
consists in studying three variables: the threshold, the identification and the discrimination of odors. The experiment 
exploits two essential oils known by their wide use in Morocco. 
Results: Our study found that parkinsonians can detect odor at a concentration 16 times higher than healthy 
subjects. Our identification test results in control subjects indicate that more than 70% of our control subjects 
recognized at least one of the two products against 36% of Parkinson's patients. For the discrimination test, we 
found that 54% of Parkinson's patients, compared to 12% of healthy subjects, could not distinguish between the two 
products. 
Conclusions: Analyzing the results of this test allowed us to confirm the initial hypothesis that our parkinsonians 
suffer from olfactory disorders. This test will therefore be useful for identifying individuals in the pre-motor and 
early stages of the disease, pending the likely success of future therapies aimed at slowing the prevention of the 
pathological progression of Parkinson's disease. 

1574 
Nonmotor Symptoms in Parkinson's Disease: 36-month Follow-up Study Comparing Bilateral Subthalamic 
Stimulation and Standard-of-care Medication 
S. Jost, A. Sauerbier, K. Ray-Chaudhuri, V. Visser-Vandewalle, K. Ashkan, M. Silverdale, J. Evans, A. Rizos, A. 
Schnitzler, P. Löhrer, J.N. Petry-Schmelzer, M. Barbe, A. Antonini, P. Martinez-Martin, G. Fink, L. Timmermann, 
H. Dafsari (Cologne, Germany) 
Objective: To examine 36-month effects of bilateral subthalamic nucleus (STN) deep brain stimulation (DBS) on 
nonmotor symptoms (NMS) and self-reported quality of life compared to medical therapy in patients with 
Parkinson’s disease (PD). 
Background: DBS in PD is an option, if medical therapy fails to control motor symptoms sufficiently. Previous 
research provided evidence for beneficial immediate and short-term effects of STN-DBS on NMS. So far, little is 
known about the long-term effects of STN-DBS on NMS. 
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Methods: In this prospective, nonrandomized, real-life cohort observation we investigated 296 PD patients 
undergoing STN-DBS (n=66) or standard-of-care medical therapy (MED, n=230) at baseline and 36-month follow-
up using the Non-Motor Symptom Scale (NMSS), PD Questionnaire-8 (PDQ-8), Scales for Outcomes in PD-motor 
examination, -activities of daily living, and -complications (SCOPA-A,-B, -C), Clinical Impression of Severity 
Index for PD (CISI-PD), and levodopa-equivalent daily dose (LEDD). All analyses were conducted after propensity 
score matching, identifying matched sub-cohorts with well-balanced baseline characteristics between both groups. 
Longitudinal outcome changes within the groups were analyzed using Wilcoxon signed-rank tests, differences in 
change scores between the two groups with Mann-Whitney U tests. The strength of clinical response was quantified 
by relative changes and effect sizes. Additionally, explorative bivariate correlations of change scores were 
calculated. 
Results: Comparing baseline with 36-month follow-up, STN-DBS significantly improved NMSS total score, CISI-
PD as well as SCOPA-A and -C. Significant differences between change scores of STN-DBS and MED groups were 
found for the NMSS total score (large effect), and the domain scores for urinary functions, sleep/fatigue and 
miscellaneous (each moderate effects). Furthermore, the groups differed significantly regarding PDQ-8 and LEDD 
(moderate effects). CISI-PD, SCOPA-A and -C showed large effects. Change scores of NMSS and PDQ-8 were 
significantly correlated. 
Conclusions: The reported results provide evidence that beneficial effects of STN-DBS on NMS extend up to three 
years. Furthermore, neurostimulation improved NMS burden and self-reported quality of life more than medical 
therapy alone. 

1575 
Levocarb-induced diplopia in idiopathic Parkinson’s disease: a case report 
S. Joza, F. Ba (Edmonton, AB, Canada) 
Objective: To present a case report of Levocarb-induced diplopia in idiopathic Parkinson’s disease. 
Background: Parkinson’s disease (PD) is a common neurodegenerative disorder characterized by a wide range of 
motor and non-motor symptoms. Various oculomotor and visual disorders have been previously described in PD, 
including diplopia, possibly due to dopamine deficiency or extranigral pathology. We report here an atypical case of 
Levocarb-induced diplopia in a patient with PD. 
Methods: Case study 
Results: A 76 year old male with probable idiopathic PD, manifesting primarily with asymmetric right-sided tremor 
and bradykinesia was slowly titrated on Levocarb (25 mg Carbidopa/100 mg Levodopa) tablets. At thrice daily 
dosing, he developed acute onset diplopia that resolved after reducing the dose to one tablet twice daily. Subsequent 
challenge with higher doses recapitulated the symptoms. Subsequently, his medication with switched to Levodopa 
with benserazide at equivalent Levodopa dosage, and his symptoms never recurred. 
Conclusions: Although diplopia is a relatively common non-motor symptom encountered in PD,  Levocarb-induced 
diplopia has only rarely been reported in the context of selective diplopia secondary to visual hallucination or 
illusionary duplication. This is the first reported case of Levocarb-inducing a reproducible and reversible complete 
diplopia. 

1576 
Levodopa/carbidopa Intestinal Gel in Treatment of Non-Motor Symptoms in Advanced Parkinson’s Disease 
W. kamel, J. Al Hashel (Beni Suef, Egypt) 
Objective: To identify the advantages of LCIG in the treatment of NMS among APD patients and appraise the 
currently available literature to identify the gaps in the available evidence. 
Background: Levodopa is the most commonly used drug for the treatment of motor symptoms of Parkinson’s 
Disease (PD). For managing non-motor symptoms (NMS) in advanced Parkinson’s disease (APD), levodopa-
carbidopa intestinal gel (LCIG) infusion is preferred over oral levodopa-carbidopa because it bypasses the 
gastrointestinal tract and overcomes fluctuation and variation in the plasma drug levels. 
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Methods: Total 174 articles were selected using the electronic database PubMed in December 2017. Total 133 
articles were excluded, and 41 were included. Out of 41 papers, only 20 original articles providing data relevant to 
the research question were included. Of 20 studies, only 15 showed improvement in NMS in APD patients. 
Results: LCIG has been found to be beneficial in improving or relieving various NMS .( central nervous system 
symptoms, cardiovascular system symptoms, gastrointestinal tract symptoms, systemic symptoms, urinary 
symptoms, reproductive system symptoms) in patients with APD. 
Conclusions: LCIG provides an uninterrupted intestinal levodopa infusion by percutaneous endoscopic 
gastrojejunostomy (PEG‐J). It effectively decreases fluctuations in plasma concentrations of levodopa, reduces NMS 
burden and motor fluctuations in APD, however; adequate dose modification and individualization of therapy are 
essential for optimal effect. 

 

1577 
The influence of baseline body mass index on cognitive decline in Parkinson's disease 
S.Y. Kang, H.S. Yoo, S.J. Chung, Y.H. Sohn, P.H. Lee (Hwaseong, Republic of Korea) 
Objective: The aim of this study is to know whether the baseline BMI is associated with cognitive decline and 
future development of dementia. 
Background: Alterations in body mass index (BMI) are an important nonmotor feature of Parkinson’s disease (PD). 
Alterations in BMI and subsequent changes are reported to be associated with cognitive decline in elderly 
individuals and patients with mild cognitive impairment. However, the association between BMI and cognitive 
changes in PD has not yet been elucidated using detailed neuropsychological evaluation. 
Methods: This retrospective cohort study enrolled 70 patients with de novo PD who underwent neuropsychological 
tests every 3 years and were followed up for more than 6 years. Based on the baseline BMI, we classified patients 
into three groups: the under/normal weight (n = 21), the overweight (n = 22), and the obese group (n = 27). Among 
the groups, we evaluate the differences in the rate of cognitive decline over time using linear mixed model and the 
conversion rate to dementia using survival analysis. Age, sex, education, and parkinsonian motor severity were used 
as covariates. 
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Results: The obese patients with PD showed slower progression in global cognitive function as well as language 
and memory functions than the under/normal weight group during the 6-year follow-up. The three BMI group had a 
different rate of conversion to dementia (by log-rank test, p = 0.026). The combined overweight and obese group 
was associated with a decreased risk of developing dementia compared with the under/normal weight group (Hazard 
ratio = 0.36, 95% confidence interval = 0.12 – 0.82, p = 0.046). 
Conclusions: We demonstrated that a higher BMI offered a protective effect against the deterioration of cognitive 
function in PD, especially with respect to language and memory functions. Being overweight to obese in de novo 
PD provided a significantly lower risk of developing dementia. This indicates the clinical importance of measuring 
baseline BMI of patients with PD to monitor changes in their cognitive function during the disease course. 
(This data will be presented as a poster at the 14th International Conference on Alzheimer's & Parkinson's Diseases, 
March 26-31, 2019) 

1578 
Subacute Encephalopathy with Pimavanserin Treatment in Parkinson Disease 
J. King, G. Volkell, J. Wyant, E. Molho (Albany, NY, USA) 
Objective: To report 3 cases of drug-induced encephalopathy in patients treated with pimavanserin (PVN) for 
Parkinson disease (PD) related psychosis (PDP). 
Background: Quetiapine and clozapine, the traditional standards of care for PDP, have recently been supplanted by 
PVN, the only FDA agent specifically approved for this purpose. PVN improves PDP through 5HT2A inverse 
agonism. It is proposed that PVN has improved tolerance compared to previous agents related to the lack of activity 
at off target receptors. Despite safety and efficacy in clinical trials, we have observed a subacute encephalopathy 
with the initiation of PVN treatment that improved with drug withdrawal. We present 3 such patients. 
Methods: Case series. 
Results: IH, a 72 year old man with PD for 16 years. He was a nursing home resident with primarily motor 
dysfunction but reported non-threatening auditory hallucinations. He was started on PVN by a nursing home 
physician. Within a few days he became severely lethargic and had trouble moving. PVN was discontinued resulting 
in recovery back to usual baseline in 1-2 days. 
FS, a 79 year old man with PD for 8 years. He had typical motor features and the onset of progressive dementia 
within 3 years of motor onset. He was experiencing visual hallucinations and delusional misidentification syndrome 
despite treatment with quetiapine 50mg. At times he was physically aggressive. PVN was added. After 4 doses of 
PVN he became lethargic, had limited verbal expression, and decreased mobility. He was hospitalized. Workup for 
intercurrent illness only found “mild dehydration.” PVN was discontinued with rapid recovery over 1-2 days. 
MO, a 62 year old man with PD for 8 years. PVN 34mg was added to quetiapine 50mg for PDP symptoms of visual 
hallucinations and paranoid delusions. Two weeks after the initiation of PVN he experienced worsening confusion, 
agitation, violent outbursts, and periods of waxing and waning alertness necessitating hospitalization. Workup for 
concurrent illness was negative. PVN was discontinued and he returned to previous behavioral baseline in 4 days. 
Conclusions: These cases suggest that PVN can cause an encephalopathy in some patients treated for PDP. Further 
investigation is needed to confirm these findings and explore the potential contribution of dementia severity, 
concomitant use of quetiapine, and other patient or treatment related variables. 

1579 
A Prospective Study of the Effects of Deep Brain Stimulation on Constipation and Olfaction in Parkinson 
Disease 
S. Kola, A. Bharucha, D. Prichard, K. Feuerhak, A. Hassan (Rochester, MN, USA) 
Objective: To investigate the effects of subthalamic nucleus deep brain stimulation (STN-DBS) on constipation and 
olfaction in patients with Parkinson disease (PD). 
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Background: STN-DBS is an effective therapy for selective motor complications of PD. There is limited evidence, 
based on self-rated assessments, that DBS also improves non-motor symptoms, such as constipation and hyposmia 
in PD. Therefore, we used objective techniques to study the effects of DBS on constipation and olfaction in PD. 
Methods: In this prospective study, PD patients evaluated in the DBS Clinic at Mayo Clinic Rochester between 
2015-2018 were screened for constipation. Assessments, before and 3 months after DBS, included: (i) Constipation - 
ROME III questionnaires and daily bowel diaries for 4 weeks, (ii) Olfaction - 40-item University of Pennsylvania 
Smell Identification Test (UPSIT), (iii) Anxiety and depression - Hospital Anxiety and Depression Scale (HADS). 
The levodopa equivalent daily dose (LEDD) was calculated for PD medications. Comparisons were performed with 
Chi-squared and paired t-tests. 
Results: Of 15 recruited patients, 5 withdrew. Ten patients (8 male, mean age 67.4 years, mean PD duration 6.5 
years, mean UPDRS part III score off-medication 33.7) had a mean follow-up of 3 months post-DBS. At baseline, 8 
patients met ROME III criteria for constipation vs. 2 of these patients after DBS (X2=7.2, p=0.01). Amongst the 4 
patients who completed bowel diaries, the mean increase in bowel movement frequency/week (5.4±1.9 vs. 6.3±1.7, 
p=0.18) and consistency (2.3±0.9 vs. 3.0±0.8, p=0.39) after DBS failed to reach significance. Laxative use did not 
change. Mean UPSIT scores (20.0±6.6 vs. 17.5±5.7, p=0.03) worsened from severe to total hyposmia. Anxiety 
scores (5.8±3.2 vs. 4.8±2.7, p=0.14) and depression scores (4.9±3.0 vs. 4.8±2.9, p=0.89) were unchanged. Mean 
baseline LEDD was 1702.5±726.8 vs. 1419±555.9 (p=0.15) post-DBS. 
Conclusions: In this small, uncontrolled study, olfaction worsened and fewer patients met Rome III criteria for 
constipation at 3 months after STN-DBS. These findings were neither associated with changes in bowel habits 
recorded by diaries, nor laxative use, PD medications, or mood. This suggests that STN-DBS may directly affect 
constipation and olfaction. These preliminary findings should be confirmed by a larger study with longer follow-up. 
References: 1. Volkmann J. Deep brain stimulation for the treatment of Parkinson’s disease. J Clin Neurophysiol. 
2004 Jan-Feb;21(1):6-17. 2. Zibetti M, Torre E, Cinquepalmi A, Rosso M, Ducati A, et al. Motor and nonmotor 
symptom follow-up in Parkinson patients after deep brain stimulation of the subthalamic nucleus. Eur Neurol. 
2007;58(4):218-23. 3. Hwynn N, Haq IU, Malaty IA, Resnick AS, Dai Y, et al. Effect of Deep Brain Stimulation on 
Parkinson’s Nonmotor Symptoms following Unilateral DBS: A Pilot Study. Parkinson Disease, 2011. Doi: 
10.4061/2011/507416. 4. Chou KL, Taylor JL, Patil PG. The MDS-UPDRS tracks motor and non-motor 
improvement due to subthalamic nucleus deep brain stimulation in Parkinson disease. Park Related Disord 
2013;19:966-969. 5. Klingelhoefer L, Samuel M, Chaudhari KR, Ashkan K. An Update on the Impact of Deep Brain 
Stimulation on Non Motor Symptoms in Parkinson’s Disease. J Parkin Disease 2014;4:289-300. 6. Halim A, 
Baumgartner L, Binder DK. Effect of deep brain stimulation on autonomic dysfunction in patients with Parkinson 
disease. J Clin Neuroscience 2011;18:804-806. 7. Nazzaro JM, Palwa R, Lyons KE. The impact of bilateral 
subthalamic stimulation on non-motor symptoms of Parkinson’s disease. Parkin Related Disord 2011;17:606-609. 8. 
Bharucha AE, Seide B, Zinsmeister AR, Melton IJ III. Insights into normal and disordered bowel habits from bowel 
diaries. Am J Gastroenterol 2008; 103(3):692-8. PMID: 18021288 9. Guo X, Gao G, Wang X, Li L, Li W, et al. 
Effects of Bilateral Deep Brain Stimulation of the Subthalamic Nucleus on Olfactory Function in Parkinson’s 
Disease Patients. Stereotactic and Functional Neurosurgery, 2008:86;237-244. 10. Fabbria M, Guedes LC, Goelho 
M, Simao D, Abreu D, et al. Subthalamic deep brain stimulation effects 11. Double KL, Rowe DB, Hayes M, Chan 
DK, Blackie J, et al. Identifying the pattern of olfactory deficits in Parkinson disease using the brief smell 
identification test. Arch Neurol 2003 Apr;60(4);545-9. 

1580 
Cognitive impairment in patients with Parkinson's Disease 
E. Kolupaeva, I. Zhukova, N. Zhukova, M. Nikitina, O. Izhboldina, I. Mironova, Z. Kislukhina (Tomsk, Russian 
Federation) 
Objective: The objective is to study the relation between cognitive impairment with the form and stage of PD. 
Background: Currently, there is a tendency of a global change in the gender and age structure of the population. 
The proportion of older people in the population is steadily increasing. Cognitive impairment is directly related to 
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age. So from the age of 65 their prevalence doubles every 5 years. Parkinson's disease plays a big role in the 
development of dementia. 
Methods: 287 patients with PD I-IV stage of Hyun and Yar  took part in the study. The average age of the patients 
is 66.4 ± 9.0 years. All received standard specific anti-parkinsonian pharmacotherapy.  All patients have been 
evaluated according to the Mini-Mental State Examination (MMSE), the clock-drawing test (CDT) and the Frontal 
Assessment Batte (FAB). 
Results: On the FAB scale, the maximum average was observed in patients with stage I of PD - 15.6 ± 2.6 points 
and the minimum with stage IV - 13.0 ± 4.1 points. A similar tendency was also revealed when performing the CDT 
test, where the highest result was observed at stage I of the disease - 8.8 ± 1.7 points, and the lowest at stage IV - 5.9 
± 2.6 points. 
Patients with a tremor of PD had the highest results of neuropsychological testing and the largest number (45.8%) of 
people without cognitive impairment (p <0.0001) were recorded, with mixed ones - lower (p <0.0001). 
Conclusions: The study has demonstrated that the patients with a tremor of PD had less of their severity cognitive 
impairment compared with mixed form of PD. 
Patients with stage I of PD had minimal the severity of cognitive impairment. 

1581 
Evaluation of gut microbiota in patients with Parkinson's disease using a gas chromatography–mass 
spectrometry in Russia 
I. Krasakov, I. Litvinenko (Saint-Petersburg, Russian Federation) 
Objective: To evaluat of gut microbiota in patients with Parkinson's disease using a gas chromatography–mass 
spectrometry 
Background: An increasing number of studies have reported the crosstalk between gut microbiota and the host 
brain in Parkinson`s disease. However, the results of studies on the evaluation of the composition of microbiota 
contradict each other. That is due to the use of various methods. Using a gas chromatography–mass spectrometry 
(GC-MS) is uniquely suitable for obtaining the metabolic signals in bidirectional communication between gut 
microbiota and brain. 
Methods: We compared the gut microbiota composition of 16 patients with stage 3 of Parkinson's disease (9 
female) and 94 age-matched controls using GC-MS with detection of small molecule metabolites (SMMs) in serum. 
We used an Agilent 7890a gas chromatograph. 
Results: We observed significant increases in the abundance of SMMs by 43% in patients with PD compared to 
those of the controls. The abundance of conditionally pathogenic gut microbes was increased in patients with PD: 
Staphylococcus intermedius – in 61%, Eubacterium lentum (group A) – by 5,8 times, Clostridium hystolyticum – by 
2,8 times, Peptostreptococ. Anaerobius – by 3,6 times, Ruminicoccus – by 3,8 times, Nocardia and Nocardia 
asteroides – by 2 times, Clostridium propionicum and Enterobacteriaceae family (E. coli and other), Micro-fungi, 
cytosterol by 1,7 times, Micro-fungi, campesterol and Herpes by 2,8 times. Identified decreases in the abundance of 
SMMs of Streptococcus, Cl. difficile, Propionibacterium jensenii, Propionibacterium acnes by 2 times. At the same 
time the SMMs number of useful gut microbes was decreased: Eubacterium/Cl.coccoides – by 6,3 times, 
Bifidobacterium – by 2,5 times, Propionibacterium/Cl. subterm. – by 1,5 times, Lactobacillus – on 24%. 
Conclusions: Using a gas chromatography–mass spectrometry is probably the most objective method for assessing 
the gut microbiota, which allows for a minimally invasive but widespread assessment of gut  dysbiosis in 
Parkinson's disease with a view to its further correction. 

1582 
The social interaction in patients with Parkinson's disease from the points of activities of daily living and 
motor function 
A. Kumon, M. Sagawa, M. Saruwatari, N. Kawashima, K. Hasegawa (sagamihara, Japan) 
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Objective: To investigate how the social interaction relates to activities of daily living (ADL) and motor function in 
patients with Parkinson’s disease (PD). 
Background: In old age, declining social interaction, such as participating in few activities with others or having a 
small social network and so on, has been related with physical deterioration. But in PD, this relation is not 
investigated. 
Methods: Subjects were 114 patients with PD (male: female=53:61, mean age 72.6 years old, MMSE 27.1±2.8, 
UPDRS total 21.5±11.6, Yahr≦4) , who had been examined social interaction, activity of daily living (ADL) and 
motor function using Index of social interaction (ISI) and Unified Parkinson’s Disease Rating Scale (UPDRS). 
We assessed the correlation of ISI and UPDRS; part2 and 3. 
Based on the results of previous study of the elderly and our study of PD in last year, gender difference was revealed 
in social interaction. So, we analyzed the results with separating the sexes. 
Results: In gender comparison (male vs female), there were no significant differences in age, disease duration, 
MMSE, UPDRS total and part2 scores. 
ISI (p=.012) and ‘talking’ that one of the lower items in UPDRS part2 (p=.039) were worse in male than in female. 
UPDRS part3 was worse in female than in male (p=.017). 
About correlation between ISI and UPDRS; part2 and 3, in male, the section score and lower items had correlate 
with ISI were UPDRS part2 total score, part3 total score, the following lower items ‘speech(in part2)’ ‘handwriting’ 
‘dressing’ ‘hygiene’ ‘freezing when walking’ and ‘speech(in part3)’ (r=-.273~-.509, p=.000~0.48). 
On the other hand in female, that was only the lower item of ‘hygiene’ (r=-.260, p=.041). 
Conclusions: The social interaction correlated well with ADL and motor function in male patients with PD. 
However, this correlation was weaker in female than in male. The social interaction of female patients is more 
robust than male, regardless of their ADL and motor function level. 
References: T. Anme: Kawashima Shoten , 2000. T. Anme: Journal of Japanese Society of Public Health, 44（3） 
1997. 

1583 
Exploring the relationship between motor and non-motor fluctuations in Parkinson’s disease: patient’s 
perspective, clinician’ s assessment and objective measures from a wearable device 
A. Leake, A. De Angelis, M. Horne, D. Paviour, J. Coebergh, M. Edwards, F. Morgante, L. Ricciardi (London, 
United Kingdom) 
Objective: We aimed: 1) To evaluate the relationship between motor (MF) and non-motor (NMF) fluctuations in 
Parkinson’s disease measured with patient’s self-assessment, clinician’s evaluationand objective measurement using 
a wearable device. 2) To explore the relationship between MF, NMF and quality of life. 
Background: MF and NMF fluctuations are difficult to recognize and might have a severe impact on quality of life. 
Methods: We enrolled consecutive PD patients who presented at least motor fluctuations. Levodopa equivalent 
daily dose (LEDD) and LEDD dopamine-agonist (D-Ag LEDD) were calculated. MF and NMF were assessed by 
the Wearing-Off Questionnaire (WOQ-19) and the Unified PD Rating Scale (UPDRS I-IV). The Parkinson’s 
KinetiGraph™ (PKG®), an accelerometry-based system for automated assessment of dyskinesia and bradykinesia 
was employed. The 39-item PD Questionnaire (PDQ-39) was administered. 
Results: Fifty-six patients were included (37 males, age 60.4±6.5, disease duration 10.5±4.9), 100% self-reported 
MF, 83% had NMF as per WOQ-19. WOQ-19 motor and non-motor sub-scores were significantly associated (b-
coef=0.4, 95%CI (0.2,0.6), p<0.0001). Multivariable regression analyses showed that D-Ag LEDD, UPDRS-III-
OFF, UPDRS-IV and ‘percent time with fluctuations’ as per PKG were significantly associated with WOQ-19 
motor sub-score. WOQ-19 non-motor sub-score was associated to UPDRS-III-OFF. When classifying our patients 
according to ‘percent time with fluctuation’ PKG outcome, 50% had no MF, 25% had mild/moderate and 25% had 
severe MF. Patients without fluctuations had lower D-Ag LEDD, lower score at RDRS and WOQ-motor sub-scale 
(p<0.05). According to ‘percent time with dyskinesia’ PKG outcome, 55% of patients had no dyskinesia, 23% had 
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mild and 22% had severe dyskinesia. Patients with no dyskinesia had lower D-Ag LEDD and RDRS score 
(p<0.05). Only WOQ-19 psychiatric fluctuation was significantly associated to PDQ-39. 
Conclusions: Our findings suggest that MF and NMF are related to each other but independently associated to 
specific clinical variables. NMF and specifically, psychiatric fluctuations, impact patient’s quality of life. 

1584 
Predictors of refractory impulse control disorder to dopamine agonists substitution therapy in Parkinson’s 
disease patients 
J.Y. Lee, J.-H. Choi, B. Jeon, J. Cho (Seoul, Republic of Korea) 
Objective: This study was aimed to investigate a predictive factor of refractory impulse control disorder (ICD) in 
patients with Parkinson’s disease (PD) who participated in a multicenter intervention trial for ICD (REIN-PD trial). 
Background: Although dopamine agonist is a significant contributor to ICD development, dopamine agonist 
substitution with levodopa could not improve aberrant behaviors in some PD patients. If we could predict intractable 
ICD, we could make a therapeutic plan with a multidisciplinary approach to these individuals in advance. 
Methods: We conducted a case-control study using the REIN-PD database. Poor response (PR) group was defined 
as those who showed paradoxical increases in modified Minnesota Impulsive Disorders Interview (mMIDI) after 
substituting dopamine agonists with levodopa formulations in REIN-PD trial. We analyzed baseline 
neuropsychiatric traits of PR group in comparison to good response (GR) group to identify potential risk trait that 
can predict PR at 12 weeks after intervention. An extended analysis was carried out in the non-PR total REIN-PD 
ICD (TOTAL) group that included all dropped-out cases as well as the GR group. Finally, Receiver Operating 
Characteristic (ROC) curve analysis was performed to evaluate the predictive efficacy of the potential risk trait for 
refractory ICD. 
Results: Among the 38 patients who completed dopamine agonist replacement in REIN-PD trial, we identified 15 
(39.5%) PR and 20 GR patients. Baseline demographics, ICD severity, PD severity, and dopaminergic medications 
were indifferent between the PR and GR groups. However, PR group had distinctively high scores compared to GR 
group in the baseline State-Trait Anger Expression Inventory (K-STAXI) and the Obsessive-Compulsive Inventory-
Revised (K-OCI-R) (36.3±11.3 vs. 27.7±5.2 and 28.9±12.8 vs. 17.8±14.2, p = 0.007 and 0.009, respectively). The 
baseline K-OCI-R in PR group was also significantly high when it was compared with that in TOTAL group (N=35, 
intention-to-treat analysis; 28.9±12.8 vs. 18.1±13.9, p = 0.009). In the ROC curve analysis, the baseline K-OCI-R 
showed the highest area under the curve [AUC = 0.735 (0.591-0.850)] with optimal cut-off score 22/72 in 
discriminating the PR from the TOTAL group. 
Conclusions: Obsessive-compulsiveness may predict a poor response to dopamine agonist substitution therapy in 
PD patients with ICD. 
References: Lee JY, Jeon B, Koh SB, Yoon WT, Lee HW, Kwon OD, Kim JW, Kim JM, Ma HI, Kim HT, Baik JS, 
Cho J; (REIN-PD Investigators). Behavioral and trait changes in parkinsonian patients with impulse control disorder 
after switching from dopamine agonist to levodopa therapy: results of REIN-PD trial. J Neurol Neurosurg 
Psychiatry. 2019 Jan;90(1):30-37. 

1585 
Apathy as a behavioural marker of cognitive impairment in Parkinson’s disease: A longitudinal analysis 
I. Leroi, G. Martin (Dublin, Ireland) 
Objective: To explore statistical models of longitudinal change to detect behavioural predictors of cognitive decline 
in PD. 
Background: Finding markers to predict cognitive decline and the onset of dementia in Parkinson’s disease (PD) 
and understanding the longitudinal course of non-motor symptoms and cognitive decline is a research priority. 
Previous cross-sectional work has demonstrated that one of the only behavioural non-motor symptoms that 
differentiate between people with PD and intact cognition and those with mild cognitive impairment (MCI-PD) is 
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apathy. In contrast, with the emergence of dementia in PD (PDD), an array of behavioural and psychiatric symptoms 
emerges. Thus, investigating apathy as a potential behavioural maker of cognitive decline in PD has merit. 
Methods: We followed 104 people with PD intermittently over a three-year period and undertook a variety of 
motor, behavioural and cognitive measures (PD Cognitive Rating Scale; PD-CRS). We applied a linear mixed 
effects model to explore behavioural factors associated with cognitive change over time. This approach goes beyond 
conventional modelling based on a random-intercept and slope approach and can be used to examine the variability 
in measures within individuals over time. 
Results: Global cognitive scores worsened steadily over the course of the three-year follow-up whereas the 
longitudinal evolution of self-rated apathy scores and other behavioural measures was negligible. However, the 
apathy ratings at baseline strongly predicted levels of apathy three years later. Unlike other behavioural measures 
explored, level of apathy was strongly and negatively (-0.49) associated with level of cognitive impairment and 
those participants who had higher than average apathy scores at baseline also had lower than average global 
cognitive scores. Furthermore, the strong association between apathy and cognition was underscored by a model that 
coupled departures in mean apathy score at any point in time, with a corresponding departure from average global 
cognitive score. 
Conclusions: High levels of apathy are predictive of negative cognitive and behavioural outcomes over time, 
suggesting that apathy may be used as a behavioural marker of early cognitive decline. This has clinical applications 
and prognostic implications. 
(NB: Interim analyses of this study were previously presented at the Parkinson’s UK Annual Research Meeting, 
Leeds, Nov 2016) 

1586 
Predictors of Orthostatic Hypotension in Patients with Parkinson’s Disease 
C.-C. Lin, J. Heisler, H. Patel, W. Ondo (Houston, TX, USA) 
Objective: To investigate factors that may affect blood pressure in patients with PD (Parkinson’s disease). 
Background: PD affects the autonomic nervous system, potentially leading to labile blood pressure (BP). Likewise, 
dopaminergic medications, through unclear mechanisms, may further lower BP and contribute to the development of 
orthostatic hypotension (OH). 
Methods: Medical records of consecutive PD patients seen in the movement disorders clinic between July 2017 and 
Aug 2018 were reviewed for demographic information, systolic and diastolic BP (SBP and DBP) in seated and 
standing positions (1 minute), as well as medications for PD. OH is defined as > 20 mmHg in SBP or > 10 mmHg 
drop in DBP. Data were analyzed to study the effect of season (winter vs. summer), medication status (on vs. off PD 
medications), gender, L-dopa, dopamine agonists, and monoamine oxidase type B (MAOB) inhibitors on BP. 
Results: Two hundred and thirty-five patient visits were included. Patients that were OFF PD medications on the 
day of the visit have higher baseline BP compared with those who were ON PD medications (n = 29 OFF, 
147.7±19.2/83.8±10 vs. n = 29 ON 136.5±23.2/78.2±10.7 mmHg, p = 0.007/0.008). Interestingly, although L-dopa 
and dopamine agonists lower BP, patients who were OFF PD medications showed a more significant drop in SBP 
when standing compared with patients who were ON PD medications (14.9 vs. 9.5 mmHg, p = 0.048). In patients 
ON PD medications, there was a higher proportion of male patients that were positive for OH compare with female 
patients (33 out of 119 vs. 5 out of 49, p < 0.05). OH did not vary as a function of season (Nov-Feb vs. Jun-Sept) or 
patient age. 
OH tended to correlate with higher total daily equivalent L-dopa (690±406 vs. 598±335 mg, p = 0.18). Specifically, 
taking dopamine agonist or MAO-B inhibitors did not impact BP measures. 
Conclusions: OH is very common in PD but remains under-recognized, as most PD patients do not specify overt 
OH symptoms, but rather attribute these to PD. Patients not taking their regular PD medications had increased BP, 
demonstrating the importance of timing when taking BP. 
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1587 
Speech and swallowing disorders in Parkinson’s disease – is there a link? 
N. Madetko, S. Budrewicz (Wrocław, Poland) 
Objective: To determine: 1.If acoustic speech analysis can be a method of oropharyngeal dysphagia detection. 
2.Which acoustic parameters and to what extent correlate with fiberoptic endoscopic examination of swallowing 
(FEES) findings. 3.Is it possible to assess the level of swallowing impairment with the use of speech analysis. 
Background: Oropharyngeal dysphagia can occur even in 90% of patients with Parkinson’s disesase (PD). 
Swallowing disorders may result in malnutrition or even aspiration pneumonia, a leading cause of death in this 
population. FEES remains a ‘gold standard’ in dysphagia detection, however its accessibility is still insufficient. So 
far, little is known about speech and swallowing correlations; few recently published research suggest possible link. 
Methods: 25 patients with clinical diagnosis of PD (12 females, 13 males) aged 36 to 82 underwent FEES and 
speech acoustic analysis, both during ‘ON’ phase. They were divided into 3 groups according to the assessed level 
of oropharyngeal dysphagia. The results of speech analysis, using DiagnoScope software, were compared within the 
groups and the differences were statistically analyzed. 
Results: Obtained results revealed the most significant correlation (p<0,05) with the following acoustic parameters: 
residual to harmonic (R2H), unharmonic to harmonic (U2H), efficiency factor (EF) and presence of oropharyngeal 
dysphagia. Post hoc analysis showed possible use of acoustic analysis in evaluation of the level of swallowing 
impairment (R2H, EF). 
Conclusions: Acoustic speech analysis is a promising alternative assessment method of swallowing. In this study, 
R2H, U2H and EF were statistically significant parameters of dysphagia presence and its advancement. Further 
study is required. 
References: [1] E. J., Chae, M., & Cho, S. R. (2018). Relationship Between Swallowing Function and Maximum 
Phonation Time in Patients With Parkinsonism. Annals of rehabilitation medicine, 42(3), 425-432. 
doi:10.5535/arm.2018.42.3.425. [2] Kalf, J.G. et al. (2012). Prevalence of oropharyngeal dysphagia in Parkinson’s 
disease: A meta-analysis Parkinsonism & Related Disorders, 18(4):311-5. doi:10.1016/j.parkreldis.2011.11.006 

1588 
Cognitive changes after deep brain stimulation of the subthalamic nucleus in Parkinson’s disease: A 
longitudinal study 
J. Mana, F. Růžička, A. Fečíková, E. Růžička, D. Urgošík, R. Jech, O. Bezdicek (Prague, Czech Republic) 
Objective: We aimed at characterizing cognitive changes in patients with Parkinson’s disease (PD) treated with 
deep brain stimulation (DBS) of the subthalamic nucleus (STN). 
Background: A cognitive decline is a serious non-motor sign of PD. There is a rising interest in understanding the 
deterioration in PD patients treated with STN DBS. Recent meta-analyses suggested that STN DBS can be regarded 
as generally safe for cognitive functions causing only a mild decline in verbal fluency [1, 2]. The dual-process 
theory of cognitive deficit in PD postulated two distinct phenotypes with different deterioration time courses, (i) a 
slowly deteriorating fronto-striatal phenotype and (ii) a phenotype with visuospatial deficits and rapid conversion to 
dementia [3]. Here we tested whether PD patients treated with STN DBS exhibited a long-term decline in cognitive 
performance. 
Methods: A longitudinal study on a sample of 28 PD patients with motor complications (age 59 ± 7 years, 61 % 
males) treated with STN DBS bilaterally in combination with oral dopaminergic therapy. Patients’ cognitive 
functions were assessed using the Dementia Rating Scale (DRS-II) before and 1.97 ± 0.99 years after the DBS 
surgery. The Wilcoxon test was used to contrast pre- and post-surgery cognitive performance. 
Results: A significant decline in (DRS-II Total score) general cognitive performance (Z = -2.92, p = 0.004) was 
identified together with declines in Attention (Z = -3.22, p = 0.001) and Memory (Z = -2.00, p = 0.045) domains. 
Decline in the Initiation/Perseveration (Z = -1.51, p = 0.130), Construction (Z = -0.63, p = 0.527), and 
Conceptualization (Z = -0.35, p = 0.730) domains failed to reach statistical significance. 

This article is protected by copyright. All rights reserved.



Conclusions: Our results demonstrated a subtle but significant cognitive decline in PD patients after two years of 
treatment with bilateral STN DBS. The overall pattern of decline is in line with profiles previously reported in 
advanced PD patients treated exclusively with oral dopaminergic therapy [4] with primarily fronto-striatal 
dysfunction and preserved visuospatial functions. 
 
Grant support: GAČR 16-13323S and AZV NV19-04-00233 offered by the Czech ministry of health. 
References: 1. Combs, H.L., et al., Cognition and Depression Following Deep Brain Stimulation of the Subthalamic 
Nucleus and Globus Pallidus Pars Internus in Parkinson’s Disease A Meta-Analysis. Neuropsychology review, 
2015. 25(4): p. 439-454. 2. Parsons, T.D., et al., Cognitive sequelae of subthalamic nucleus deep brain stimulation in 
Parkinson's disease: a meta-analysis. The Lancet Neurology, 2006. 5(7): p. 578-588. 3. Robbins, T.W. and R. Cools, 
Cognitive deficits in Parkinson's disease: a cognitive neuroscience perspective. Mov Disord, 2014. 29(5): p. 597-
607. 4. Pigott, K., et al., Longitudinal study of normal cognition in Parkinson disease. Neurology, 2015. 85(15): p. 
1276-1282. 

1589 
Exploring the Lexicon of Fatigue in Parkinson Disease: A Qualitative Approach 
S. Mantri, S. Albert, S. Kahl, M. Daeschler, E. Mamikonyan, C. Kopil, C. Marras, L. Chahine (Durham, NC, USA) 
Objective: To understand how patients with Parkinson disease (PD) experience fatigue and identify potential 
communication barriers between doctors and patients. 
Background: Fatigue in PD is common, interferes with activities of daily living, and is poorly responsive to 
medication changes. Definitions of fatigue vary and may contribute to doctor-patient confusion. Better 
understanding of the patient experience and lexicon of fatigue is needed. 
Methods: The Fox Trial Finder was used to screen participants with a self-reported PD diagnosis who were not 
taking a dopamine agonist. The screener included the Parkinson’s Fatigue Scale (PFS), Epworth Sleepiness Scale 
(ESS), and Geriatric Depression Scale (GDS). To minimize the potential confounders of depression and excessive 
daytime sleepiness, those with abnormal scores on the ESS or GDS were excluded. The study consisted of two 
patient cohorts: one participated in online journaling (1 hour/day over 3 days) and the other in semi-structured 
interview (1-hour telephone dialogue) 
Results: There were 705 respondents; 155 were on an agonist, 559 sleepy or depressed. Among the remaining who 
met eligibility criteria, 27 individuals, with varying degrees of fatigue based on their PFS16 responses, completed 
the study. Demographics of participants are shown in Table 1. [table1] Participants described fatigue as affecting 
physical, cognitive, and emotional domains. The abrupt and overwhelming nature of fatigue was emphasized, as was 
living in fear of fatigue. Half of patients had not discussed fatigue with their doctors, indicating they did not expect 
the doctor to have a solution. Those who had discussed fatigue with their doctors felt that their doctors attributed 
fatigue to external factors (age, sleep issues, medication) although the participants did not agree with that 
assessment. Participants used detailed metaphors concerning fatigue (e.g. “like a tsunami”) when talking to their 
peers but more general terms (e.g. “extremely tired”) when talking with their doctors. 
Conclusions: Fatigue impacts several aspects of the well-being of patients with PD, and patients have a rich lexicon 
for describing the sensation and impact of fatigue.  Ongoing analysis will inform the development of interventions to 
improve physician-patient communication on fatigue. 
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1590 
Depression as a risk factor for impulse compulsive disorders in Parkinson’s disease: a prospective survival 
study 
J. Marín-Lahoz, F. Sampedro, S. Martinez-Horta, J. Pagonabarraga, J. Kulisevsky (Barcelona, Spain) 
Objective: To longitudinally evaluate the role of depression in the development of impulse control disorders (ICD) 
in Parkinson's disease (PD) patients. 
Background: Depression has been associated with ICD in cross-sectional PD studies. However, prospective studies 
addressing the causality of this relationship are lacking. 
Methods: From Parkinson’s Progression Markers Initiative (PPMI) we included PD patients free of ICDs at 
baseline according to the Questionnaire for Impulsive-Compulsive Disorders in PD (QUIP). Patients were 
prospectively evaluated first quarterly and then biannually. Development of ICDs was defined as an increase of 
QUIP scores during follow up. Using survival proportional hazard models we studied the effect of baseline 
depression over ICD risk. We also evaluated this effect controlling for dopamine agonist use as a time dependent 
variable and for other potential confounders. 
Results: Among 354 patients, 68 were depressed at baseline. The median follow up was 4.08 years. Depression at 
baseline was associated with higher ICD risk (hazard ratio, HR: 1.96, 95% CI 1.32-2.9, p<0.001). This risk 
remained significant after controlling for DA use (HR: 1.97, 95%CI 1.33-2.9, p<0.001), which was also 
independently linked to ICD development (HR: 1.87 95%CI 1.3-2.7, p<0.001). Hence, depressed patients faced an 
even higher ICD risk when receiving DA treatment. Controlling for multiple potential confounders also did not alter 
these results. 
Conclusions: In PD, depression predisposes to the development of ICDs. This risk is magnified by DA use. Thus, 
DA should be used cautiously in depressed PD patients. 
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1591 
The Urge to Move in Restless Legs Syndrome Associated with Parkinson's Disease: A Motor Impulse Control 
Disorder? 
A. Marques, C. Lambert, T. Vidal, F. Durif, M. Fantini (Clermont-Ferrand, France) 
Objective: To determine whether there could be a semiological overlap between Restless Legs Syndrome (RLS) 
and Impulse Control Disorders (ICDs) in Parkinson’s Disease (PD), using the Suggested Immobilization Test (SIT) 
Background: ICDs in PD are defined by the failure to resist an “urge to drive a conduct” that may harmful to 
patients themselves or others. We recently showed that RLS is associated with the presence of ICDs in PD. Yet, it 
remains unclear whether RLS could be a risk factor for ICD or part of its clinical spectrum. Actually, RLS is defined 
by an “urge to move” the legs occurring during rest, relieved by movement, worsening in the evening or night. The 
suggested immobilization test (SIT) has been developed to assess the “urge to move” and support the diagnosis of 
RLS in general population but also in Parkinson’s disease. 
Methods: Fifty-six consecutive non-demented patients fulfilling the diagnostic criteria for PD (Male/Female: 32/24; 
mean age: 64.1±8 yrs; mean Hoen and Yahr stage: 2.1±0.6; mean duration of disease: 7.7±4.5 yrs) participated to 
this cross-sectional study. Among them, patients with RLS (n=20) and with one or more ICDs (n=23) were 
identified using standard clinical criteria. All the patients underwent a SIT and a one-night videopolysomnography. 
Demographical, treatment, motor, psycho-behavioral and sleep characteristics were recorded. 
Results: PD patients with RLS had a longer PD duration but similar dopaminergic treatment doses and duration 
compared to PD without RLS. PD patients with ICDs had a longer PD duration, longer dopaminergic treatment 
duration and dose, and a higher severity of non-motor signs, daily life functioning and motor complications 
compared to those without ICDs. Subjective discomfort (SD) during SIT did not differ between patients with and 
without RLS (p=0.24), however PD patients with ICD reported an increased SD during SIT compared to PD patients 
without ICDs (p=0.015). Periodic limb movements during SIT did not differ between patients with and without RLS 
(p=0.83), neither between patients with and without ICDs (p=0.28). 
Conclusions: SD during SIT appears to be more sensitive to discriminate patients with ICDs rather than those with 
RLS in PD. SD during SIT could reflect the “urge” to move in these patients, and more generally a motor 
component of impulsivity. Thus it may be discussed whether RLS could be part of the ICDs spectrum, as a motor 
ICD. 
References: Marques, A., Figorilli, M., Pereira, B., Derost, P., Debilly, B., Beudin, P., Vidal, T., Durif, F., and 
Fantini, M.L. (2018). Impulse control disorders in Parkinson’s disease patients with RLS: a cross sectional-study. 
Sleep Med. 48, 148–154. Voon, V., Fernagut, P.-O., Wickens, J., Baunez, C., Rodriguez, M., Pavon, N., Juncos, 
J.L., Obeso, J.A., and Bezard, E. (2009). Chronic dopaminergic stimulation in Parkinson’s disease: from dyskinesias 
to impulse control disorders. Lancet Neurol. 8, 1140–1149. 

1592 
Non-motor symptoms in Parkinson disease motor subtypes: a study using the new MDS-NMS 
P. Martinez-Martin, C. Rodriguez-Blazquez, A. Schrag, D. Weintraub, A. Rizos, K.R. Chaudhuri (Madrid, Spain) 
Objective: To analyze the prevalence and severity of non-motor symptoms (NMS) in Parkinson disease (PD) motor 
subtypes (tremor-dominant, TD; postural instability/gait disorder, PIGD; and indeterminate), using the new 
Movement Disorders Society-NMS scale (MDS-NMS). 
Background: PD motor subtypes are characterized by motor features and by differences in prevalence and severity 
of NMS. The new MDS-NMS, which includes a higher variety of NMS than its predecessor, the NMSS, might 
allow better differentiation of NMS symptoms and profiles across PD subtypes. 
Methods: Multi-center, international (USA and UK), cross-sectional study, with a sample of 402 PD patients, 
recruited in the context of the MDS-NMS validation study. Patients were administered the MDS-NMS, HY staging, 
MDS-Unified PD Rating Scale (MDS-UPDRS), and the NMSS. Motor subtypes were identified using the MDS-
UPDRS (Stebbins et al. Mov Disord 2013;28:668-70). Differences in frequency (scores ≥1, possible score 0-16 per 
item) and severity (means and SD) of MDS-NMS individual items (N=52) by motor subtype were computed, using 
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chi-square, Mann-Whitney and Kruskal-Wallis tests. Spearman’s rank correlation coefficients of MDS-NMS total 
score by subtypes with other assessments and variables were calculated. 
Results: The sample (62.2% men) had mean age of 67.42 years old (SD: 9.96) and, PD duration of 8.2 years (SD: 
5.93), and was mainly in HY stage 2 (54.5%). MDS-UPDRS part 3 mean score was 29.45 (SD: 13.73). Regarding 
subtypes, 235 (58.5%) were TD, 141 (35.1%) PIGD and 26 (6.5%) Indeterminate. PIGD patients showed higher 
scores in MDS-NMS domains of Anxiety, Urinary, Gastrointestinal, Sleep & wakefulness, Other, and Non-motor 
fluctuations (p<0.05) than TD patients. Muscle/joint/back pain was the most common NMS in the three subtypes. 
Prevalence of specific symptoms of hallucinations, difficulties with attention and finding words, nocturia, insomnia, 
and musculoskeletal pain was higher in PIGD than in the other subtypes (p<0.02). Correlation coefficients of MDS-
NMS total score with NMSS ranged from 0.80 (indeterminate) to 0.89 (TD), and correlation with MDS-UPDRS Part 
I were from 0.59 (indeterminate) to 0.76 (PIGD) (differences non-significant). 
Conclusions: PD patients with PIGD have higher prevalence and severity of multiple NMS compared with TD or 
indeterminate patients. This results could inform the clinical management and treatment of PD patients. 

1593 
Gastrointestinal microbiome in Parkinson’s disease in a Bavarian cohort 
F. Marxreiter, A. Cosma-Grigorov, H. Gassner, H. Meixner, Z. Kohl, M. Neurath, S. Wirtz, J. Winkler (Erlangen, 
Germany) 
Objective: Our goal was to evaluate, whether gut microbiota are altered in a Southern German PD cohort. In 
addition, we assessed changes in the microbiome in different disease stages and hypothesized that the microbiome of 
PD patients is altered already at an early disease stage. Furthermore, we tested whether initial changes persist at 
intermediate and late disease stages. 
Background: Accumulating evidence suggests that alpha-synucleinopathy within the enteric nervous system (ENS) 
may be one of the initial sites for the premotor onset of Parkinson’s disease (PD). Altered gut microbiota may 
contribute to, or trigger the process of alpha-synuclein aggregation in the ENS. Changes in the gut microbiome have 
previously been observed in different North European study populations. 
Methods: Between November 2016 and June 2018, 176 subjects were screened, and 102 (71 patients, 31 controls) 
were subsequently enrolled. Motor symptoms were measured using part III of the Unified Parkinson’s Disease 
Rating Scale (UPDRS III) and disease staging followed the Hoehn & Yahr scale (H&Y). Severity of non-motor 
symptoms was assessed using the Non-Motor Symptoms Scale (NMS). The degree of constipation was assessed 
using the Wexner score. Participants collected fecal samples in a DNA stabilizing solution (Stool Collection Tubes 
with Stool DNA Stabilizer; Stratec ®, Stratec Molecular, Berlin, Germany). Total DNA was extracted from the 
samples. Polymerase chain reaction amplification and pyrosequencing of the V3 and V4 regions of the bacterial 16S 
ribosomal RNA gene was performed and used for taxonomic assignment. 
Results: We analyzed the microbiome of 71 PD patients (mean age: 65.2±10.2; 45.1% females) and 31 controls 
(mean age: 64.3±8.9; 45.2% females). Our results indicate, that there is no change in alpha- or beta-diversity in the 
gut microbiome between groups. However, abundances of individual bacterial families, such as Lactobacillaceae, 
Sutterellaceae, and Enterobactericeace differ between disease stages and controls. On the genus level, abundances of 
Citrobacter and Lactobacillus were significantly altered, particularly at H&Y IV. 
Conclusions: Distinct bacterial families may be altered at early PD stages. Thus, specific bacterial families may 
contribute to an altered micromilieu, favoring alpha-synuclein aggregation early in the course of PD. At later stages, 
alterations in other bacterial families may rather be related to non-motor symptoms like constipation. 

1594 
Gastrointestinal disorders in various forms of parkinsonism 
R. Matmurodov, K.h. Khalimova, E.l. Abduqodirov (Tashkent, Uzbekistan) 
Objective: To examine the types of gastrointestinal disorders in parkinsonism, depending on the form of the 
disease. 
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Background: One of the non-motor autonomic disorders of parkinsonism is gastrointestinal disorders, which 
depend on the form and stage of the disease. 
Methods: 103 patients with PD were examined, of them primary parkinsonism was 51, secondary parkinsonism was 
44, tertiary parkinsonism was 8. The average age of patients was from 33 to 65 years (mean age 46.7±8.1 years). 
The diagnosis was made according to special criteria that can be differentiated. All patients had various 
gastrointestinal disorders, according to the type of discomfort after eating, hypersolivation and defecation. Evaluated 
on the scale UPDRS. 
Results: After our careful analysis, the results show that with Parkinson's disease, discomfort after eating is 2.1±1.4 
points, hypersolivation 0.85±2.2 points and defecation 1.5±1.4 points. In secondary parkinsonism, discomfort after 
eating is 1.5±1.7, hypersolivation - 0.9±2.1, and defecation 1.8 ± 1.6 points. When at tertiary parkinsonism, this data 
is 1.8 ± 1.8– 0.76±1.7 - 1.2±2.5 points. The total points for PD are 5.4, for secondary parkinsonism 2.51 and for 
tertiary parkinsonism 4.5 points. After eating and parkinsonism more bowel movements. 
Conclusions: Gastrointestinal disturbances of the type of discomfort after eating, hypersolivation and defecation 
depend on the form of parkinsonism. With the help of these disorders it is possible to differentiate the forms and 
course of the disease. 

1595 
Bladder Training for Urinary Tract Symptoms in PD - A Randomised Controlled Trial 
C. McDonald, J. Rees, K. Winge, J. Newton, D. Burn (Gateshead, United Kingdom) 
Objective: To assess the feasibility and efficacy of bladder training for troublesome lower urinary tract symptoms in 
Parkinson’s disease. 
Background: Lower urinary tract symptoms (LUTS) are common in Parkinson’s disease (PD) and are associated 
with poorer quality of life (QOL). 
Methods: Single centre, single blinded, randomised controlled trial. Participants with a history of PD and 
troublesome LUTS were randomised to a 12 week bladder training program (BT) or conservative advice (CA). 
Outcome measures included: a 3 day volume frequency diary, ICIQ-OAB and ICIQ-QOL. Co-primary endpoints 
were 1) patient perception of change and 2) change in number of urgency episodes at 12 weeks. Secondary 
endpoints included change in ICIQ scores, number of micturitions and volume voided. 
Results: 38 participants were randomised (18 to conservative advice, 20 to bladder training). Both CA and BT were 
associated with significant improvements in volume voided, number of micturitions, symptom severity scores and 
measures of quality of life (all P<0.05). At 12 weeks, compared to conservative advice, BT was associated with 
significant superiority on patient perception of improvement (P=0.001), significantly greater reductions in number 
of voids in 24 hours [mean decrease 2.3 +/-0.8 voids vs. 0.3 +/-0.5 (P<0.05)] and greater reductions in interference 
with daily life [2.1 +/- 0.8 point improvement vs. 0.3 +/- 0.7 point deterioration (P<0.05)]. 
Conclusions: This study is the first controlled trial to demonstrate the potential benefits of BT for LUTS in PD. 

1596 
A Comparative Study of Measured and Predicted Metrics of Respiratory Function in People with 
Parkinson’s Disease (PD) 
L. McMahon, O. Lennon, C. Blake, D. McGrath (Dublin, Ireland) 
Objective: The objective of this research was to compare measured metrics of respiratory function – Spirometry, 
Respiratory Muscle Strength and Peak Cough Flow – with predicted values to identify deficits in an Irish PD 
population. 
Background: Non-motor impairments in PD including respiratory disorders are a frequent cause of diminished 
quality of life1, with respiratory disorders including pneumonia the most common cause of death in PD.2 A 2016 
Irish study highlighted the worrying trend of increased hospital admission rates in Ireland for diseases of the 
respiratory system for people with Parkinson’s disease.3 The top two principal diagnoses on acute hospital 
admission were noted as respiratory tract infections and pneumonias.3 Controversy on the aetiology of PD 

This article is protected by copyright. All rights reserved.



respiratory dysfunction exists with central, restrictive, obstructive causes cited. Clinically however, respiratory 
function is not routinely assessed. 
Methods: Functional respiratory measures tested included: Spirometry (ATS/ERS criteria compliant), identifying 
lung volume (FVC) and flow rates (FEV1 and FEV1/FVC ratio); Respiratory muscle strength, identifying 
Inspiratory Muscle Strength (MIP), Expiratory Muscle Strength (MEP) and Sniff nasal inspiratory pressure (SNIP); 
Peak Cough Flow (PCF), a measure of gross respiratory function, measured via PCF meter and face mask. Age and 
gender matched normative values were identified  from the published literature4,5,6,thresholds for normal PCF and 
impaired mucocillary clearance identified as 360 l/min and 270l/min7. Statistical analysis comparing results with 
age/gender matched normative data was performed using independent t-tests (SPSS software). 
Results: Fourteen male and 9 female (N=23) participants were recruited with mean age 65.5(+/-7.5) years; disease 
duration from 1-19 years and H&Y scores ranging from 0-3. When compared to predicted values, statistically 
significant differences were found in all respiratory strength measures (MIP, MEP and SNIP), p< 0.001. 74% of 
participants had a PCF<360 l/min and 35% of participants had a PCF<270l/min. No significant differences in 
spirometry volume FVC (p=0.325) or flow rates FEV1 (p=0.158), FEV1/FVC (p=0.612) were observed. 
Conclusions: Measures of respiratory muscle strength and PCF were reduced in the PD participants when compared 
to predicated measures. No deficits in ventilation volume or flow rates were observed. 
References: 1. Schrag A., Jahanshahi M., and Quinn N. What contributes to quality of life in patients with 
Parkinson's disease? Journal of Neurology, Neurosurgery & Psychiatry 2000;69:308-312. 2. Pennington S., Snell K., 
Lee M. and Walker R. The cause of death in idiopathic Parkinson's disease, Parkinsonism Related Disorders, 
2010;16(7), pp. 434-7. 3. Kelly, B., Blake, C. and Lennon, O. Acute Hospital Admissions of Individuals with a 
Known Parkinson's Disease Diagnosis in Ireland 2009-2012: A Short Report, Journal of Parkinsons Disease, 
2016;6(4), pp. 709-716 4. Quanjer PH, Stanojevic S, Cole TJ et al. and the ERS Global Lung Function Initiative. 
Multi-ethnic reference values for spirometryfor the 3–95-yr age range: the global lungfunction 2012 equations. 
European Respiratory Journal 2012;40: 1324–1343 5. Evans JA and Whitelaw WA. The assessment of maximal 
respiratory mouth pressures in adults. Respiratory Care 2009;54(10):1348-59. 6. Uldry C and Fitting JW. Maximal 
values of sniff nasal inspiratory pressure in healthy subjects. Thorax. 1995;50(4):371-5. 7. Kang SW and Bach JR. 
Maximum insufflation capacity: vital capacity and cough flows in neuromuscular disease. American Journal of 
Physicial Medicine and Rehabilitation 2000;79:222–227. 

1597 
Systematic Review of Non-pharmacological Interventions for Respiratory Health in Parkinson’s Disease (PD) 
L. McMahon, O. Lennon, C. Blake (Dublin, Ireland) 
Objective: This study systematically reviews randomized controlled trials (RCTs) and control trials of non-
pharmacological interventions currently used to improve respiratory function/metrics for people with PD. 
(PROSPERO Registration Number: CRD42017072968) 
Background: Respiratory dysfunction in Parkinson’s Disease (PD) is an under diagnosed and under treated 
impairment of the disease. In Ireland, a review of hospital admissions for individuals with known PD, found one 
third of admissions were as a result of respiratory system diseases1. Increased hospital mortality, length of stay and 
health care costs were associated with these respiratory system diseases. Clinically, a reactive approach to 
pneumonia or chest infection diagnosis in PD is taken, rather than preventative approaches. 
Methods: Electronic databases, PubMed, EMBASE, CINAHL, Web of Science, Pedro, MEDLINE, and Cochrane 
Library were searched from inception up to May 31st 2018 using a customised search strategy. No limitations were 
applied to the searches. Two researchers independently screened at title, abstract and manuscript stages to identify 
RCTs and control trials of non-pharmacological interventions to improve respiratory function in patients with PD for 
inclusion. Quality rating of included studies and key data extraction was conducted by two independent 
reviewers.  Results are reported using both a narrative and best evidence synthesis. 
Results: Nine thousand and fourteen unique studies were identified across databases. Following review at title, 
abstract and manuscript stages, 5 studies (4 RCTs and 1 control trial) were included in the review. Interventions 
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included: Aerobic Exercise, Qigong, Respiratory Muscle Strength Training, Breath Stacking, Incentive Spirometry 
and Yoga. Methodological quality of the studies varied; 2 RCTs demonstrated low risk of bias, 2 high risk of bias 
and the control trial demonstrated moderate risk of bias. Best evidence synthesis identified that currently no high-
level evidence supports non-pharmacological interventions to improve respiratory morbidity, mortality or lung 
volume in patients with PD.  Level two evidence supports respiratory muscle training to improve inspiratory and 
expiratory respiratory muscle strength in patients with PD. 
Conclusions: In conclusion, high quality RCTs are required to test non-pharmacological interventions for 
respiratory health in PD. 
References: 1. Kelly, B., Blake, C. and Lennon, O. Acute Hospital Admissions of Individuals with a Known 
Parkinson's Disease Diagnosis in Ireland 2009-2012: A Short Report. Journal of Parkinson’s Disease, 2016;6(4), pp. 
709-716 

1598 
Intestinal nerve damage and gut dysfunction in mouse models of Parkinson’s Disease 
R. McQuade, R. Constable, E. Lei, M. Di Natale, J. Berger, J. Kauhausen, C. Parish, D. Finkelstein, J. Furness, S. 
Diwakarla (Melbourne, Australia) 
Objective: This work aims to investigate gut dysfunction and enteric neuropathy in several mouse models of PD to 
provide insight into enteric nervous system (ENS) involvement. 
Background: Parkinson’s disease (PD) is a progressive neurological disorder associated with nerve damage and 
dysfunction in the brain and gut. Whilst animal models have been instrumental in understanding the pathogenesis 
and progression of PD in the brain, the nature of intestinal (enteric) nerve damage and gut dysfunction in PD 
progression remains unclear. Research into gut dysfunction using several methods and multiple rodent models has 
resulted in inconsistent findings. Disorders of transit or absorption could significantly impair bioavailability of 
potential therapeutic drugs for PD. 
Methods: MPTP-treated mice (n=6/group, aged 16 weeks), 6-OHDA-treated mice (n=5-7/group, aged 16 weeks) 
and A53T transgenic mice expressing mutant human α-synuclein (n=10-20/group, aged 28 weeks) were directly 
compared for gut dysfunction, sensorimotor deficits and enteric neuropathy. One week prior to euthanasia, gut 
deficits in mice were assessed via whole gut transit (WGTT), intrarectal bead expulsion, fecal pellet output (FPO) 
and fecal water content (FWC). Enteric neuropathy was assessed by immunohistochemistry. 
Results: Both MPTP and A53T mice exhibited a significant reduction in FPO and changes in FWC and WGTT. 
These changes were correlated with a moderate to high level of neuronal loss in the ENS. Conversely, whilst 6-
OHDA mice demonstrated a marked reduction in FWC compared to wild-type, there was no evidence of neuronal 
loss in the ENS. 
Conclusions: Gut dysfunction is highly prevalent amongst PD sufferers, with 80-90% of patients experiencing some 
form of gut symptoms including dysphagia (swallowing difficulty), gastroparesis (slowed stomach emptying), 
chronic constipation and malabsorption. These gut symptoms often precede the onset of central motor deficits by 
decades and can severely impact the efficacy of oral medication in PD patients having detrimental effects on 
prognosis. Whilst all mouse models investigated exhibited some level of gut dysfunction, the extent of enteric 
neuropathy varied greatly across models. These findings provide information regarding the state of the gut in mouse 
models of PD, which may be pertinent to not only the progression of the disease but may also influence the oral 
bioavailability of therapeutic interventions for  PD. 

1599 
A Study of Social Cognition in Parkinson’s Disease 
S. Meenakshisundaram, L.N. Ranganathan (Chennai, India) 
Objective: To study the social cognition in patients with PD and compare it with normal controls 
Background: Patients with PD have difficulty expressing emotion which manifests as hypomimia. This has been 
attributed to slowness of facial muscles. However we hypothesise that patients with PD have difficulty recognising 
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emotions as well and this might impair their expression of the same. To test this we study the social cognition in 
patients with PD and compared it with controls 
Methods: 75 patients with PD and 1792 controls across different ages and educational levels in India were 
evaluated using a Faces Test for ability to recognise emotions in facial expressions. The data was collated and the 
results were compared 
Results: Patients with PD were found to have significantly lower scores for both basic and complex emotions, when 
compared to healthy controls. In controls the scores were significantly higher in women.  However this difference 
was absent in patients with PD. The stage and duration of disease did not have an effect on the score. Education 
level had an effect on the score in patients with PD while age did not have an effect. Patients with PD performed 
significantly worse on recognition of complex emotion compared to basic emotion. 
Conclusions: Impaired social cognition is a definite non-motor symptom of PD and could offer an alternative 
explanation regarding the mechanism of hypomimia in PD. The degree of involvement does not parallel the 
progression of motor symptoms of PD 
References: 1. Baron-Cohen S, Wheelwright S, Jolliffe a. Is There a "Language of the Eyes"? Evidence from 
Normal Adults, and Adults with Autism or Asperger Syndrome. Visual Cognition. 1997;4(3):311-331. 2. Roca M, 
Torralva T, Gleichgerrcht E, Chade A, Arévalo G, Gershanik O et al. Impairments in Social Cognition in Early 
Medicated and Unmedicated Parkinson Disease. Cognitive and Behavioral Neurology. 2010;23(3):152-158. 3. 
Palmeri R, Lo Buono V, Corallo F, Foti M, Di Lorenzo G, Bramanti P et al. Nonmotor Symptoms in Parkinson 
Disease: A Descriptive Review on Social Cognition Ability. Journal of Geriatric Psychiatry and Neurology. 
2017;30(2):109-121. 4. Péron J, Vicente S, Leray E, Drapier S, Drapier D, Cohen R et al. Are dopaminergic 
pathways involved in theory of mind? A study in Parkinson's disease. Neuropsychologia. 2009;47(2):406-414. 

1600 
Evaluation of the Zeez Sleep Pebble for Sleep Disturbance in Parkinson’s Disease 
S. Milne, S. Cummins, C. Carroll (Plymouth, United Kingdom) 
Objective: To evaluate the effect of the Zeez Sleep Pebble© on sleep disturbance in Parkinson’s disease. 
Background: Sleep disturbance is common in Parkinson’s disease (PD) [1,2]. Medication options exist, but patients 
are often reluctant to add to their medication burden. The Zeez Sleep Pebble© (www.zeez.org.uk) is designed to 
improve sleep quality. Placed under the pillow, it emits a weak electrical signal designed to match brain activity 
frequency during sleep. 
Following a patient self-report of sleep improvement with the device, we were interested to evaluate it within our 
service. 
Methods: Patients attending Parkinson’s clinics for routine review were offered the Zeez Sleep Pebble© if they 
reported sleep disturbance. Devices were provided by the manufacturer. As part of routine sleep assessment, patients 
were asked to complete the Parkinson’s Disease Sleep Scale (PDSS-2) before and after a mean of 12 weeks of using 
the Zeez Sleep Pebble©. 
The pebble was given to a further 9 patients for usability feedback. 
Results: 13 patients completed PDSS-2 questionnaires. Responders were identified as those with an improvement of 
at least 10% in PDSS-2 score. 46.2% (n=6) were responders, with a mean improvement of 36.4% (PDSS-2 before 
30.5 (SD 7.3); after 20.2 (SD 10.0) p=0.005). Non-responders had a lower PDSS-2 score at baseline (mean 18.1 (SD 
5.9), with no significant change following device use. The mean age of participants was 73.5 (56-84) years, with no 
difference between responders and non-responders. Within the responders, there were significant improvements in 
the PDSS-2 motor (p=0.009), PD (p=0.007) and sleep (p=0.03) subdomains. 
Of the 6 responders, 2 reported a subjective improvement in sleep quality. Two of the non-responders also reported 
subjective improvement, but admitted to only intermittent use of the device. 
15 patients provided feedback on device usability; most (86.7%) found it easy to use. 26.7% (n=4) said that 
improvements could be made to the on/off button and 33.3% (n=5) would have preferred a wristwatch style device. 
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Conclusions: In this evaluation, almost 50% of patients experienced significant improvement in PDSS-2 scores, 
with responders having higher baseline PDSS-2 scores, in the range indicative of clinically significant sleep 
disturbance[3]. Participants generally found the device easy to use. The device offers a potential alternative to 
medication for sleep disturbance in PD, and merits further evaluation. 
References: 1. Chaudhuri K.R, Pal S, DiMarco A et al. The Parkinson’s disease sleep scale: a new instrument for 
assessing sleep and nocturnal disability in Parkinson’s disease. Journal of Neurology, Neurosurgery and Psychiatry. 
2002. 73: 629-635. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1757333/pdf/v073p00629.pdf. 
[Accessed 9th February 2019]. 2. Menza M, De Fronzo Dobkin R, Marin H et al. Sleep Disturbances in Parkinson’s 
Disease. Movement Disorders. 2010. 25 (Supple 1): S117-S122. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2840057/ [Accessed 9th February 2019]. 3. Muntean ML, Benes H, 
Sixel-Döring F, Chaudhuri KR, Suzuki K, Hirata K, Zimmermann J, Trenkwalder C. Clinically relevant cut-off 
values for the Parkinson's Disease Sleep Scale-2 (PDSS-2): a validation study. Sleep Med. 2016 Aug;24:87-92. doi: 
10.1016/j.sleep.2016.06.026. Epub 2016 Aug 24 

1601 
Mindfulness Training to Reduce Anxiety in Parkinson's Disease: A Cautionary Tale about Wearable 
Technology 
D. Mohanty, A. Lingaiah, J. Doak, A. Jacob, R. Castellanos, V. Holiday, A. Espay, K. LaFaver (Louisville, KY, 
USA) 
Objective: This study aimed to determine the feasibility of using a non-pharmacologic intervention (mindfulness 
training; MT) administered with a wearable tracker to alleviate anxiety through controlled breathing. 
Background: Anxiety is a common non-motor symptom in Parkinson's disease (PD), which significantly impairs 
quality of life. MT and controlled breathing are simple yet cost-effective interventions for primary anxiety disorders 
and anxiety secondary to chronic illnesses. Brief self-guided and home-based MT can be integrated into daily 
activities, without significant time commitment. 
Methods: This single-blinded, randomized controlled study asked participants to use a commercially available 
biofeedback device (Spire) for at least 8 hours/day over 6 weeks. The device tracks respiration patterns and physical 
activity, providing biofeedback and MT exercises. Patients in the intervention group were asked to engage in guided 
MT twice daily, while controls did not participate in guided MT. Compliance was monitored by intrinsic device data 
and weekly surveys. Anxiety was measured using the Parkinson’s Anxiety Scale. 
Results: Thirteen PD patients (69.2% females, 30.7% males; mean age 63.7 +/-10.7 years) were randomized into 
the guided MT and control groups from the Movement Disorders Centers at the University of Louisville and 
University of Cincinnati over eighteen months. Two patients dropped out before completion. There was a trend 
towards reduction of anxiety in the intervention group (p=0.06), but compliance was poor, and subjects reported 
difficulty with device usage. 
Conclusions: This six-week pilot study showed a trend towards subjective improvement in anxiety in PD patients 
using biofeedback and guided MT. While the intervention seemed promising, feasibility was compromised by poor 
patient recruitment and retention. Patients’ comfort level with, and adaptability into daily living of, mobile health 
technology should be taken into account for future studies. 

1602 
How Parkinson’s Disease Affects Value-Based Decisions 
L. Montaser-Kouhsari, R. Gerraty, A. Bakkour, D. Shohamy (New York, NY, USA) 
Objective: Parkinson’s Disease (PD) is a degenerative motor disease that causes subtle deficits in decision-making 
as a result of striatal dysfunction due to dopamine depletion. Studies show that PD patients have learning and 
decision-making deficits. Yet, how various forms of learning directly affect decision-making in PD is not clear. Our 
goal in this study was to determine whether PD patients make value-based decisions differently than healthy 
controls and whether any such differences are modulated by dopaminergic medication. 
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Background: When faced with decisions based on value, we rely on past experiences to make choices by either 
basing our decisions on value averaged over previous encounters, or relying on memory for a single encounter. 
Average values are formed through incremental learning, which relies on the striatum. Memory for single 
encounters is thought to rely on hippocampus-dependent episodic memory mechanisms. 
Methods: Behavioral experiments were conducted in PD patients on and off dopaminergic medication, as well as 
age-matched controls. Participants performed a decision-making task in which they made a series of choices 
between two cards to win money. Each card was worth $0-$1. Cards were either from a red or a blue deck and one 
of the decks was luckier (i.e. it had a higher payoff) at any given time, allowing subjects to incrementally learn the 
average deck value of red vs. blue. In addition, each card showed an image of an object and some objects repeated 
one more time, allowing subjects to use episodic memory of a single past encounter. 
Results: We found that healthy controls relied on both episodic (memory of repeated objects) and incrementally 
learned sources of value (average value of the deck). PD patients on and off medication also used episodic value 
information to make decisions to the same extent of controls. However, patients relied more on incrementally 
learned sources of value when on than off medication. 
Conclusions: Results show that in the healthy brain, value-based decisions rely on both incremental learning and 
episodic memory. The loss of dopamine in PD and dopaminergic medication disproportionally affect the ability to 
use incremental learning to make value-based decisions, but did not affect decisions based on episodic memory. 
Dopaminergic medication had a compensatory effect and boosted the reliance on incremental learning in decision-
making. 

1603 
Apathy and cognitive profile in Parkinson´s disease: A cross-sectional study in Cali-Colombia 
B. Muñoz, J. Valderrama, L. Botero, J. Orozco (Cali, Colombia) 
Objective: To describe and correlate the apathy and cognitive profile of patients with Parkinson’s disease (PD). 
Background: Prevalence of apathy in PD is highly variable across studies (13.9 to 70%) (1). Some authors suggest 
that PD apathetic patients had significantly worse neurocognitive performance, higher MDS-UPDRS scores and 
more severe depressive symptoms (2,3).  Although there is a relationship between cognitive performance and 
apathy, little is known about the interaction between cognitive domains and this symptom. 
Methods: Forty two patients with PD were recruited for the study. Global cognition was evaluated using MoCA 
test. Apathy and depression were characterized using the Lille apathy rating scale (LARS) and the Geriatric 
Depression Scale de Yesavage (GDS), respectively. Spearman’s rank correlation was used to correlate the MDS-
UPDRS part III, LARS and MoCA test sub scores, Mann Whitney and Chi-squared test were used for comparison 
between apathetic and non-apathetic PD patients. Statistically significant difference was considered if the p-value 
was lower than 0.05. 
Results: Median duration of the disease from onset was 4 years (IQR 2-10). MDS-UPDRS part III mean was 
(±13.74) [table 1]. Mean MoCA test score was 23 (20-26), 17 (40.47%) patients had mild cognitive impairment 
(MCI). Mean LARS score was -19 (ICR -24 to -14), apathy was present in 38.09% (17) of PD patients. Mean 
Yesavage score was 5 (ICR 2-8). A significant positive correlation was found between the MDS-UPDRS and: the 
LARS total score (0.430 p=0.004) and intellectual curiosity (0.409 p=0.007) LARS sub score. Significant negative 
correlations were found between LARS daily productivity and the visuospatial (-0.369 p=0.016) and language (-
0.412 p=0.007) MoCA domains; and between LARS intellectual curiosity and the language domain (-0.370 
p=0.016) from MoCA test.  No significant correlations were found between MoCA total score and the LARS sub 
scores. 
Conclusions: There is a correlation between apathy and the cognitive and motor profile in patients with PD. 
Visuospatial and language deficiencies are related to the restrictions of daily productivity, probably due to the 
restriction in the execution of task that depends on frontal lobe functions. The highest scores of MDS-UPDRS are 
related to a poor social life these could be related to mobility limitations. Apathy should be assessed to complement 
the motor and cognitive evaluation of PD patients. 
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References: 1. Santangelo G, Trojano L, Barone P, Errico D, Grossi D, Vitale C. Apathy in Parkinson’s disease: 
diagnosis, neuropsychological correlates, pathophysiology and treatment. Behav Neurol. 2013 Jan 1;27(4):501–13. 
2. Weintraut R, Karádi K, Lucza T, Kovács M, Makkos A, Janszky J, et al. Lille Apathy Rating Scale and MDS-
UPDRS for Screening Apathy in Parkinson’s Disease. J Parkinsons Dis. 2016;6(1):257–65. 3. Sousa M, Moreira F, 
Jesus-Ribeiro J, Marques I, Cunha F, Canário N, et al. Apathy Profile in Parkinson’s and Huntington’s Disease: A 
Comparative Cross-Sectional Study. Eur Neurol. 2018;79(1–2):13–20. 
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1604 
Functional Bowel Symptoms in Parkinson´s Disease 
K. Murtomäki, T. Mertsalmi, E. Jaakkola, E. Mäkinen, J. Joutsa, R. Levo, E. Pekkonen, V. Kaasinen, F. Scheperjans 
(HUS, Finland) 
Objective: We assessed the prevalence of functional bowel disorders in patients with Parkinson´s disease (PD) 
using Rome III criteria. 
Background: A significant fraction of PD patients suffers from gastrointestinal symptoms which may precede 
motor symptoms by years. Irritable bowel syndrome (IBS) may be a risk factor for development of PD (1) and IBS-
like symptoms are common in PD patients (2). 
In an ongoing study, we are investigating if gastrointestinal and other non-motor symptoms are associated with 
abnormalities in striatal dopamine transporter binding. 
Methods: 247 patients, who underwent dopamine transporter SPECT imaging in the university hospitals of Helsinki 
and Turku, Finland, were recruited between the years 2015-2017. The MDS-Unified Parkinson´s Disease Rating 
Scale part III (MDS-UPDRS) was performed at the time of imaging and non-motor symptom questionnaires were 
given for subjects to fill at home.The imaging data was completed and questionnaires obtained from 147 patients. 
We used Rome III criteria for IBS, functional constipation, functional dyspepsia, postprandial distress syndrome and 
functional bloating. We furthermore assessed symptoms using the Sialorrhea Clinical Scale for PD (SCS-PD), Beck 
Depression Inventory (BDI) and Beck Anxiety Inventory (BAI). We used t-test and Mann-Whitney U test to assess 
if symptoms of functional bowel syndromes (FBD) were associated with the severity motor or non-motor symptoms 
in PD. 
Results: Based on SPECT imaging results, 44 patients were diagnosed with PD. 
31.8% of PD patients fulfilled criteria for at least one of the studied FBDs. 42.1% of female PD patients and 24.0% 
of male PD patients had one or more FBD. PD patients with FBDs had higher BAI scores than those without FBDs 
(26.00 vs 15.20, p=0.004), but no significant differences were found regarding MDS-UPDRS, BDI or SCS scores. 
Conclusions: In this preliminary analysis, FBDs were more prevalent in female PD patients and associated with 
higher anxiety scores. 
This analysis may have been underpowered to detect further differences. Recruitment is ongoing to study these 
questions in a larger cohort. 
References: Lai SW, Liao KF, Lin CL, Sung FC. Irritable bowel syndrome correlates with increased risk on 
Parkinson´s disease in Taiwan. Eur J Epidemiol. 2014;29(1):57-62 T.H. Mertsalmi, V.T.E Aho, P.A.B. Pereira L. et 
al. More than constipation -bowel symptoms in Parkinson´s disease and their connection to gut microbiota. 
European Journal of neurology,2017;24(11):1375-1383 

1605 
The effect of istradefylline on mood disorders in Parkinson’s disease 
H. Nagayama, O. Kano, H. Murakami, M. Hamada, R. Sengoku, Y. Shim, T. Toda (Tokyo, Japan) 
Objective: The effectiveness of istradefylline for treatment of mood disorders in patients with Parkinson's disease 
(PD) was examined in an open-label trial. 
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Background: Depression is the most common psychiatric complication in patients with PD. Istradefylline, a new 
anti-parkinsonian agent with completely different mechanism, improves depression-like symptomsin an 
experimental disease model; however, there is no report of its effects in PD patients. 
Methods: Thirty PD patients were enrolled. All patients had scores of higher than cut-off level in at least one of the 
following batteries: Snaith-Hamilton Pleasure Scale Japanese version (SHAPS-J), Apathy scale, or Beck Depression 
Inventory-2nd edition(BDI). Following study enrollment, all patients received 20 mg of istradefylline, and the dose 
was increased to 40 mg after 4 weeks. Results from these 3batteries and the MDS-Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS)scorewere assessedevery 2-4 weeks until 12 weeks and the changes in these scores 
were analyzed. 
Results: Following administration of istradefylline, the scores of SHAPS-J, Apathy scale, and BDI were 
significantly improved over time. Significant improvement was also found in the UPDRS score; however, no 
significant correlation was observed between the score change in these 3 batteriesand UPDRS motor function. 
Conclusions: This is the first study to show the effectiveness of istradefylline for treatment of mood disorders in PD 
independent of improvement of parkinsonian motor symptoms. In the future, this should be confirmed in a double-
blind placebo-controlled trial. 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



1606 
Fatigue in Parkinson’s disease and its relation with disease duration and treatment 
D. Nassif, J. Pereira (Rio de Janeiro, Brazil) 
Objective: Identify the presence of fatigue in a population of PD patients, establishing its association with disease 
duration and treatment. 
Background: Fatigue is one of the most common and most disabling symptoms among PD patients and has a 
significant impact on their quality of life [1,2,3]. 
Methods: This was an observational and cross-sectional study conducted in a movement disorder center in Pedro 
Ernesto University Hospital, Rio de Janeiro, Brazil. This study randomly recruited outpatients aged between 50 and 
85 years-old with a confirmed diagnosis of idiopathic PD. Exclusion criteria included the following: dementia, any 
clinical condition related to fatigue, Hoehn & Yahr scale ≥ 4, medications associated with fatigue, including 
hypnotics, beta-blockers, benzodiazepines, muscle relaxants and anti-histamines, depressive symptoms, defined as 
scores > 19 on Beck Depression Inventory-II, excessive daytime sleepiness, defined as scores > 10 on Epworth 
Sleepiness Scale and apathy, defined as scores >14 on Apathy Scale. Patients were submitted to Fatigue Severity 
Scale (FSS) and those with score > 4 were considered to be fatigued. Disease duration and levodopa equivalent dose 
were assessed in all patients. 
Results: A total of 237 PD patients were screened and according to exclusion criteria 184 patients were excluded, 
remaining 53 (22,36%) patients. All 53 patients completed the FSS and of these, 21 (39,62%) reported distressing 
fatigue (FSS > 4), with FSS score 5,26±0,87 compared to 2,31±1,02 (p<0,00) in non-fatigued patients. Comparisons 
between patients with fatigue vs those without fatigue showed that patients had the same age (64,75±7,23 vs 
65,71±8,72, p<0,67), disease duration (7,25±3,64 vs 7,76±4,82, p<0,67), Hoehn & Yahr scale (2,39±0,38 vs 
2,45±0,41, p<0,59) and levodopa equivalent dose (711,06±353,66 vs 719,61 ±389,24, p<0,94) (table 1). 
Conclusions: Fatigue is an independent PD symptom, existing without the presence of confounding factors. It is 
was not associated with disease duration and levodopa equivalent dose, 
References: Nassif DV, Pereira JS. Fatigue in Parkinson's disease: concepts and clinical approach. Psychogeriatrics 
2018;18:143–50. Friedman J, Friedman H. Fatigue in Parkinson's disease. Neurology 1993;43:2016-2018. Friedman 
JH, Beck JC, Chou KL, et al. Fatigue in Parkinson's disease: report from a mutidisciplinary symposium. NPJ 
Parkinsons Dis 2016;2 

 

1607 
Higher levels of physical activity is associated with fewer non-motor symptoms in early Parkinson’s disease: a 
1-year follow-up study 
S. Ng, N. Chia, M. Abbas, K.Y. Tay, W.L. Au, E.K. Tan, L. Tan (Singapore, Singapore) 
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Objective: To examine the physical activity (PA) level in early Parkinson’s disease (PD) patients and its association 
with non-motor symptoms (NMS). 
Background: Lower PA is associated with greater disease severity, gait impairment and increased difficulty in 
managing daily activities in moderate PD patients. However, its impact on overall NMS in early PD patients is 
unknown. 
Methods: 90 participants (75 early PD, 15 controls) underwent the following evaluations as part of the Early 
Parkinson’s Disease Longitudinal Singapore (PALS) study: (1) Neuropsychological – MMSE, MoCA, visual and 
auditory memory, executive function, language and visuospatial orientation, (2) non-motor – NMS Scale (NMSS), 
Hospital Anxiety and Depression Scale (HADS), Fatigue Severity Scale (FSS), Apathy Scale (AS), Geriatric 
Depression Scale (GDS), Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS), (3) motor – 
UPDRS III, and (4) quality of life (QoL) – European QoL 5-Dimensions (EQ-5D). PA level was measured by the 
PA Scale for the Elderly (PASE) score. Multivariate generalised linear model analyses were used to look at the 
association of PASE scores with these variables at baseline and 1-year follow-up. 
Results: Patients had significantly higher NMSS scores than controls at both baseline (p<.001) and follow-up 
(p<.001). Patients also had higher depression (p<.01) and motor scores (p<.001), and lower cognition (p<.01) and 
QoL scores (p<.001) than controls. These differences persisted at follow-up. After controlling for age, gender, 
ethnicity and education years, higher PASE score was associated with lower depression [HADS-D(F=5.57, p<.05), 
GDS(F=4.65, p<.05)], lower apathy [AS(F=6.95, p<.05)] and decreased anhedonia in patients [NMSS 7(F=5.33, 
p<.05)].Higher baseline PA in patients predicted better NMS scores at 1-year follow-up, (˄=.782, F(7,59)=2.36, 
p<.05). Univariate analyses showed decreased depression [HADS-D(F=5.35, p<.05), GDS(F=5.29, p<.05)], 
decreased apathy [AS(F=7.43, p<.05)], higher functioning [EQ-5D Utility Index(F=5.66, p<.05)], reduced 
anhedonia (F=6.77, p<.05), lower anxiety (F=7.31, p<.05) and decreased sexual dysfunction (F=4.26, p<.05). 
Conclusions: Higher PA level is associated with lower levels of depression, apathy, anxiety, anhedonia and sexual 
dysfunction in early PD at 1-year follow-up. Less PA is associated with lower QoL in patients as compared to 
controls. 

1608 
Urodynamic study to distinguish multiple system atrophy from Parkinson’s disease 
K.W. Park, J.H. Shin, N.R. Choi, S.Y. Jo, M.S. Choo, S.J. Chung (Seoul, Republic of Korea) 
Objective: To evaluate differences in urodynamic findings between multiple system atrophy (MSA) and 
Parkinson’s disease (PD) and identify the utility of urodynamic parameters for the differential diagnosis. 
Background: Urinary dysfunction is one of the differential diagnostic clues to differentiate MSA from PD. Severe 
symptomatic autonomic failure including urinary incontinence a prognostic indicator of survival in MSA. 
Urodynamic study is a gold standard tool for evaluating voiding dysfunction in patients with neurologic deficits. 
However, little is known about the urodynamic feature of MSA except for large post-void residual volume. 
Methods: We retrospectively reviewed patients with probable MSA or PD who underwent urodynamic studies from 
January 2011 to August 2018. Patients with possible MSA or PD, secondary Parkinsonism, any history of pelvic 
operation and radiation therapy were excluded. Primary aim was to compare the parameters of urodynamic studies 
between MSA and PD. Secondary aim was to compare the sensitivity and specificity of the major urodynamic 
parameters for the differential diagnosis between MSA and PD. 
Results: A total 107 MSA patients and 112 PD patients were included. In uroflowmetry, MSA patients showed 
lower maximal flow rate (4.0±5.8 ml/s vs. 9.1±8.3 ml/s, p<0.001) and larger post-void residual (290.8±196.7 ml vs. 
134.0±188.1 ml, p<0.001) compared with PD patients. In pressure flow study, MSA patients showed lower maximal 
flow rate (3.5 ± 5.0 ml/s vs. 8.2 ± 7.4 ml/s, p<0.001) and larger post-void residual (361.5 ± 169.6 ml vs. 146.1 ± 
178.0 ml, p<0.001), decreased compliance (44.9% vs. 10.7%, p<0.001),  impaired contractility (24.9±33.8 vs. 
65.7±51.1, p<0.001) and lower PdetQmax (7.4 ± 14.7 vs 24.9 ± 27.7, p<0.001) compared with PD patients. Detrusor 
overactivity and associated leakage was more prominent in PD compared with MSA (36% vs. 88%, p<0.001). Post-
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void residual from pressure-flow study was the only parameter with AUC value > 0.8 among the seven parameters, 
followed by PdetQmax. 
Conclusions: MSA patients showed lower maximal flow rate, larger post-void residual with decreased compliance 
and impaired contractility, whereas PD patients had higher incidence of detrusor overactivity and associated 
leakage. For differential diagnosis, post-void residual from pressure-flow study provided the best sensitivity and 
specificity. 

1609 
Prevalence and factors related to orthostatic hypotension and orthostatic intolerance in recently-diagnosed, 
drug-naïve Parkinson’s disease patients 
S. Perez-Lloret, C. Quarracino, F. Capani, M. Otero-Losada (Buenos Aires, Argentina) 
Objective: To explore the prevalence and factors related to orthostatic hypotension (OH) and orthostatic intolerance 
(OI) in recently diagnosed drug-naïve PD patients from the Parkinson’s Progression Markers Initiative (PPMI) 
database. 
Background: Orthostatic disorders are frequent and disabling features of Parkinson’s disease (PD). 
Methods: The PPMI is an observational cohort study aimed at identifying clinical, imaging and biologic markers of 
PD progression. For this sub-study, 421 recently diagnosed drug-naïve PD patients and 195 healthy controls were 
included. Patients were assessed with MDS-UPDRS, MoCA, SCOPA, ESS, RBD Screening Questionnaire, GDS-
15, STAI, and UPSIT; DAT imaging was used to assess dopaminergic loss. Level of β-amyloid fragment 1-42, α-
synuclein and total or phosphorylated tau proteins were measured in cerebrospinal fluid. Orthostatic symptoms were 
assessed using the Scale for Outcomes in PD – Autonomic (SCOPA-AUT). Blood Pressure (BP) was measured after 
lying down for 5 minutes and again 3 minutes after standing up. Orthostatic hypotension was defined as systolic 
and/or diastolic BP fall ≥ 20/10 mmHg. Orthostatic intolerance was defined as the presence of symptoms in the 
absence of other orthostatic syndromes. 
Results: At baseline, healthy controls and PD patients had similar OH prevalence (9.7% vs 14.0%, p=0.138), though 
BP fall after orthostatism was greater in the latter (mmHg: systolic BP 2.19 vs. 4.65, p=0.023; diastolic BP= 1.83 vs. 
3.48, p=0.022). PD patients showed a higher prevalence of OI (28.7% vs 13.9% in controls, p<0.001). Over the 2-
year follow-up, SCOPA-AUT cardiovascular scores largely increased (p<0.01) and OH prevalence was higher in PD 
patients compared with controls (16.5% vs. 8.7%, p<0.016). Multivariate analysis showed that OH at Year 2 was 
associated with exposure to α1-adrenergic blockers and MDS-UPDRS II+III score, while OI was related to baseline 
SCOPA-AUT gastrointestinal and thermoregulation scores, and anxiety scores. 
Conclusions: Orthostatic disorders affected a large number of recently diagnosed, drug-naïve PD patients. The 
prevalence of OH increased in PD patients over the 2-year follow-up. Orthostatic hypotension was associated with 
PD severity and exposure to a drug with hypotensive effects, while OI was related to autonomic and 
neuropsychiatric symptoms. 

1610 
Influence of Cognitive Deficits and Tremor Severity of the Development of Depression in Nondemented 
Patients with Essential Tremor 
M. Petrova, O. Grigorova, M. Raycheva, L. Traykov (Sofia, Bulgaria) 
Objective: The aim of this study was to investigate the relationship between cognitive deficits and tremor severity 
with the development of depression in nondemented ET patients. 
Background: Depressive symptoms are associated with essential tremor (ET). However, the relationship between 
cognitive and motor measures with the development of depression in ET is not yet understood. 
Methods: We investigated 72 nondemented patients with ET(32 ET patients with no evidence of depression (ET-D) 
and 40 ET patients with records of depression (ET+D)) and 36 normal controls. All subjects underwent a 
comprehensive neuropsychological and clinical assessment, as well as the Beck Depression Inventory-II for 
assessment of depression. 
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Results: Relative to controls, ET-D group showed significant deficits on MMSE and total score of DRS, whereas 
ET+D patients demonstrated additional deterioration on attention and memory subscale of DRS, although there was 
not significant difference between the both ET groups in MMSE and total DRS. The results of the detailed 
neuropsychological battery on the attention/executive functions showed a significant group effect in all tests. 
Regarding TMT-A and B, Stroop test (first part) and MCST, there were significantly lower rates in ET+D patients 
compared to healthy individuals. ET+D patients also showed significantly lower rates in TMT-A and MCST 
compared to ET-D. In a verbal episodic memory study, the post-hoc analysis showed significantly lower score only 
in the free delayed recall of ET+D compared to control individuals. In addition, there was insignificant difference in 
age of onset, tremor duration, total score of the Tremor rating scale and tests for visuo-spatial and constructive 
abilities between both ET groups. 
Conclusions: This cross-sectional study has demonstrated that the development of depression in nondemented ET 
patients is associated with the deterioration of cognitive deficits in domains of attention and memory, but not in the 
global cognitive score. Futhermore, the depression development is not related with duration and severity of the 
tremor itself. In addition, the results of this study suggest that the Mattis Dementia Rating Scale could be a good 
screening for impairment both in the overall level of cognitive functioning and in individual cognitive domains in 
nondemented ET patients with depression. 

 

1611 
Differences in functional network connectivity in patients with visual hallucinations and impaired insight in 
Parkinson’s disease 
A. Powell, E. Matar, J. Shine, S. Lewis (Sydney, Australia) 
Objective: To investigate differences in functional patterns of brain network activity in patients with visual 
hallucinations in the setting of Parkinson’s disease with impaired or retained insight. 
Background: Visual hallucinations (VH) are frequent in Parkinson’s disease (PD) and likely exist along a spectrum 
that mirrors the progression of neurodegeneration. Early in the disease course, hallucinations are typically non-
distressing and insight is preserved. As PD progresses with associated cognitive decline, hallucinations may become 
more pervasive, insight is lost and patient and caregiver quality of life is more significantly impacted. This may 
prompt nursing home placement. The brain changes underlying the transition from visual hallucinations with insight 
to those without insight are unclear. 
Methods: Resting state functional magnetic resonance imaging (rsfMRI) data on patients with VH in the context of 
PD with either impaired or preserved insight was compared. The presence of impaired insight was established by 
scores on validated questionnaires including the 20-item Psychosis and Hallucinations Questionnaire (PsycH-Q) and 
the Scales for Outcome in Parkinson’s disease – Psychiatric Complications (SCOPA-PC) and specifically, 
discrepancies between patient, caregiver and clinician responses. 
Results: We present differences in attentional rsfMRI network connectivity between groups of individuals with PD 
and VH, with and without insight. More specifically, we explore alterations in dorsal and ventral attentional network 
activation in these two groups. 
Conclusions: The results are consistent with existing resting state fMRI studies in patients with visual 
hallucinations and conditions in which loss of insight is typical, namely schizophrenia. 
References: 1. Llebaria G, Pagonabarraga J, Martinez-Corral M, Garcia-Sanchez C, Pascual-Sedano B, Gironell A 
et al. Neuropsychological Correlates of Mild to Severe Hallucinations in Parkinson’s Disease. Mov Disord 
2010;25(16):2785-2791. 2. Shine JM, Mills JMZ, Qiu J, O’Callaghan C, Terpening Z, Halliday G et al. Validation 
of the Psychosis and Hallucinations Questionnaire in Non-demented Patients with Parkinson’s Disease. Mov Disord 
Clin Pract 2015;2(2):175-181. 3. Shine JM, Halliday GM, Gilat M, Matar E, Bolitho SJ, Carlos M et al. The Role of 
Dysfunctional Attentional Control Networks in Visual Misperceptions in Parkinson’s Disease. Hum Brain Mapp 
2014;35:2206-2219. 4. Alderson-Day B, Diederen K, Fernyhough C, Ford JM, Horga G et al. Auditory 
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Hallucinations and the Brain’s Resting-State Networks: Findings and Methodological Observations. Schizophr Bull 
2016;42(5):1110-1123. 

1612 
The effect of dopaminergic therapy on functional connectivity in patients with Parkinson’s disease and visual 
hallucinations 
A. Powell, J. Shine, S. Lewis (Sydney, Australia) 
Objective: To examine changes in functional connectivity in patients with Parkinson’s disease (PD) and visual 
hallucinations (VH) on and off dopaminergic medication. 
Background: Symptoms on the psychosis spectrum, including VH, are frequent in PD and increase with the 
duration of disease. Psychosis is associated with a significantly higher rate of mortality, nursing home placement 
and caregiver distress. The role of dopaminergic medication in PD psychosis is controversial and has received 
relatively little research attention. Clinical observations suggest that VH could be linked to medication initiation, 
levodopa dose and dopamine agonist therapy and improve with dose reduction. However, minor VH occur in drug 
naïve patients and a levodopa infusion has previously been shown not to induce VH. 
Methods: Task-based functional magnetic resonance imaging (fMRI) was performed in 15 patients with PD and VH 
on and off dopaminergic therapy using the Bistable Percept Paradigm (BPP). The BPP is a behavioural task capable 
of eliciting visual misperceptions and a confirmed surrogate for visual hallucinations. Medication type and levodopa 
equivalent dose was recorded for all patients. 
Results: Differences in functional connectivity in large scale neuronal networks previously implicated in the 
pathophysiology of visual hallucinations were observed in patients on versus off dopaminergic medication. 
Differences were observed specifically in the strength of connectivity between primary visual regions and the 
default mode network. 
Conclusions: Dopaminergic therapy is likely a modifier rather than a causal factor in PD psychosis. This study 
contributes to understanding of its modulation of neural mechanisms including visual processing and attention 
underlying VH in PD. 
References: 1. Ffytche DH, Creese B, Politis M, Chaudhuri KR, Weintraub D, Ballard C et al. The psychosis 
spectrum in Parkinson disease. Nat Rev Neurol 2017;13(2):81-95. 2. Shine JM, Muller AJ, O’Callaghan C, 
Hornberger M, Halliday GM, Lewis SJG. Abnormal connectivity between the default mode and the visual system 
underlies the manifestation of visual hallucinations in Parkinson’s disease: a task-based fMRI study. NPJ Parkinsons 
Dis 2015;1:1-8. 3. Lenka A, Herath P, Christopher R, Pal K. Psychosis in Parkinson’s disease: From the soft signs to 
the hard science. J Neurol Sci 2017;379:169-176. 

1613 
Motor and non-motor symptoms differences between Vascular Parkinsonism (VP) and Parkinson’s Disease 
(PD) patients in early stages 
R. Raimundo, M. Mendes, R. Jesus, C. Azoia, A. Almeida, A.G. Velon (Vila Real, Portugal) 
Objective: Compare motor and non-motor symptoms between VP and PD patients. 
Background: VP is usually described as “lower-body parkinsonism”, with early gait difficulties and postural 
instability leading to a high rate of falls. Considering non-motor symptoms, VP has high prevalence of fatigue, 
psychiatric symptoms and memory/attention impairment. 
Methods: Cross-sectional comparative study of 49 patients (VP: 16 and PD: 33) with clinically suspected VP 
(Zijlmans et al and/or Winikates and Jankovic scales) and PD (UK Parkinson´s Disease Society Brain Bank Clinical 
diagnostic criteria) patients observed in the Movement Disorder Unit of Centro Hospitalar de Trás-os-Montes e Alto 
Douro since 2015. Analyses were performed with the use of SPSS Statistics, version 25.0. 
Results: In 49 patients, 55.1% were male. Patients with VP had older ages and shorter duration of disease as 
compared to the PD patients. Hoehn and Yahr scale (H&Y) was significantly superior in the VP patients (p<0.01). 
Considering UPDRS scores, the mean total score in the VP patients (65.19±19.481) was significantly higher than in 
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the PD patients (53.48±14.695) (p=0.023), especially when considering the motor aspects of the daily living, 
UPDRS part II (p=0.046). Moreover, VP patients showed a higher prevalence of non-motor symptoms, mainly 
related the sleep/fatigue and mood/cognition disturbances (although with no statistical value). The quality of life, 
evaluated using the PDQ-39 scale, was more affected in the VP patients as compared to the PD patients (with no 
significant differences). 
Conclusions: We found higher and statistically significant H&Y and UPDRS part II scores in the VP patients, 
compared to PD patients. In our analysis, non-motor symptoms prevalence had no statically differences between 
both diseases. These demonstrates a higher prevalence/severity of motor symptoms in the VP patients, concordant 
with that reported in the literature. 
References: P.G. Glass, A.J. Lees, A. Bacellar, J. Zijlmans, R. Katzenschlager, L. Silveira-Moriyama, The clinical 
features of pathologically confirmed vascular parkinsonism, J. Neurol. Neurosurg. Psychiatr. 83 (2012): 1027-1029. 
Rektor I et al. An updated diagnostic approach to subtype definition of vascular parkinsonism e Recommendations 
from an expert working group. Parkinsonism Relat Disord. (2017) Dec 29. 1-8. Rampello L, Alvano A, Battaglia G, 
Raffaele R, Vecchio I, Malaguarnera M. Different clinical and evolutional patterns in late idiopathic and vascular 
parkinsonism. J Neurol 2005; 252: 1045-1049. Kalra S, Grosset D, Benamer H. Differentiating Vascular 
Parkinsonism from Idiopathic Parkinson’s Disease: A Systematic Review. Movement Disorders 2010; 25:149-156. 
Gupta D, Kuruvilla A. Vascular parkinsonism: what makes it different? Postgrad Med J 2011; 87:829-836. Korczyn 
A. Vascular parkinsonism - characteristics, pathogenesis and treatment. Nat Rev Neurol 2015. Berganzo K, Tijero 
B, González-Eizaguirre A, Somme J, Lezcano E, Gabilondo I, et al. Motor and non-motor symptoms of Parkinson’s 
disease and their impact on quality of life and on different clinical subgroups. Neurología 2016; 31:585-591. 

1614 
Adrenergic Receptor Modulation of Non-Motor Symptoms in Parkinson's Disease 
M. Rangwala, E. Hogg, E. Tan, H. Lu, A. Garland Becerra, M. Tagliati (Los Angeles, CA, USA) 
Objective: To analyze the correlation between the use of beta-blockers (BB) and the prevalence of non-motor 
symptoms in patients with Parkinson’s disease (PD). 
Background: In a prior study [1] we found that BB are associated with a lower risk of constipation in PD. 
Therefore, we further assessed the association of BB with other non-motor symptoms in a larger population of PD 
patients. 
Methods: We conducted a retrospective review of 500 PD patients attending the Movement Disorders clinic at 
Cedars Sinai Medical Center between 2010 and 2015. Vitals, medications, motor and non-motor symptoms were 
collected. Data was analyzed using an Excel spreadsheet. Active treatment with BB was correlated with the 
subjective report of PD-related non-motor symptoms including anxiety, apathy, attention deficits, constipation, 
depression, fatigue, forgetfulness, hyperhidrosis, hyposmia, nocturia, orthostatic hypotension, pain, REM behavior 
disorder, sleep fragmentation, urinary urgency, visual hallucinations, weight loss. Chi square test was used to 
compare pairs of categorical variables. A p value <0.05 was used to determine statistical significance. 
Results: A large number of PD patients in our population (298/485, 61%) reported constipation. Of these 36/84 
(43%) were on BB and 262/401 (65%) were not (Chi square, p<0.01). Other non-motor symptoms that appeared to 
be modulated by BB therapy, albeit not reaching statistical significance, were decreased attention and apathy. 
Overall, 166/479 patients (34%) reported decreased attention, of which 21/81 (25%) were on BB and 145/398 (36%) 
were not. Similarly, 148/456 patients (32%) reported apathy, of which 19/78 were in the BB group (24%) and 
129/378 (34%) were not. No other non-motor symptom appeared to show a significant relationship with adrenergic 
blocker therapy. 
Conclusions: As previously reported, BB have a significant effect on reducing constipation, and may also have an 
effect on apathy and attention in PD patients. While this study is limited by the retrospective nature of the 
investigation and the subjective report of symptoms, it is of interest that the three symptoms that appear modulated 
by BB treatment are associated with adrenergic activity. Further investigation will be needed to assess the 
association between modulating adrenergic activity and non-motor PD. 
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References: [1] Pagano, G., Tan, E. E., Haider, J. M., Bautista, A., & Tagliati, M. (2015). Constipation is reduced 
by beta-blockers and increased by dopaminergic medications in Parkinson disease. Parkinsonism & Related 
Disorders,21(2), 120-125. doi:10.1016/j.parkreldis.2014.11.015 

1615 
Data quality, acceptability and reliability of the Movement Disorders Society – Non Motor Rating Scale 
(MDS-NMS) 
C. Rodriguez-Blazquez, A. Schrag, D. Weintraub, A. Rizos, K.R. Chaudhuri, P. Martinez-Martin (Madrid, Spain) 
Objective: To analyze the acceptability and reliability of the Movement Disorders Society – Non Motor Rating 
Scale (MDS-NMS). 
Background: Parkinson’s disease (PD) is a chronic and neurodegenerative disease with motor and non-motor 
manifestations. The newly developed MDS-NMS has been designed for a global and comprehensive assessment of 
NMS. The analysis of the psychometric properties of acceptability and reliability provides information on the 
quality of the MDS-NMS scores, including assessment of freedom from random error. 
Methods: A sample of 402 PD patients was recruited from movement disorders clinics in UK and US for a multi-
center, cross-sectional study on MDS-NMS validation. Data on socio-demographic characteristics and PD treatment 
was gathered. The MDS-NMS, composed by 13 domains and a subscale on non-motor fluctuations (NMFs), was 
administered together with other PD-specific rating scales. Data quality, acceptability and reliability (internal 
consistency, test-retest in 123 patients, and inter-rater in 164) were calculated. 
Results: The sample (62.2% men) had a mean age of 67.42 years old (SD: 9.96), a mean PD duration of 8.2 years 
(SD: 5.93) and was mainly in HY stage 2 (54.5%). Mean MDS-NMS total score was 79.33 (SD: 65.87; range: 0-
334), with 7.2% missing data and no floor or ceiling effects. All MDS-NMS domains presented floor but not ceiling 
effects. Mean NMFs subscale total score was 6.87 (SD: 13.17; range: 0-88) in the full sample and 16.87 (SD: 16.06; 
range: 1-88) in patients with some non-motor fluctuations. Missing data for the NMFs subscale was 1.2% and did 
not show floor or ceiling effects. Cronbach’s alpha for domains ranged from 0.32 (E. Impulse control & related 
disorders) to 0.86 (A. Depression), and was 0.66 for MDS-NMS total score. Item-total correlation was low for some 
items. NMFs subscale Cronbach’s alpha was 0.84 and item-total correlation ranged from 0.39-0.71. Test-retest 
agreement was higher than 95% for most MDS-NMS items, with kappa=0.26-0.86 for individual items and 
ICC=0.50-0.85 for domains. Agreement was >95% for most NMFs items, with kappa=0.48-0.68 and ICC=0.76. 
Inter-rater agreement was >99% for all but one MDS-NMS items, with kappa=0.89-1.0 for items and ICC=0.97-1.0. 
For the NMFs subscale agreement was >99%, kappa=0.90-0.99 and ICC=0.99. 
Conclusions: As a whole, data quality, acceptability and reliability of the MDS-NMS were satisfactory. 

1616 
Alterations of Blood Pressure Circadian Rhythm in Alpha-Synucleinopathies 
A. Romagnolo, F. Vallelonga, A. Merola, C. Di Stefano, G. Sobrero, V. Milazzo, M. Zibetti, C.A. Artusi, M. Fabbri, 
M.G. Rizzone, S. Maule, L. Lopiano (Turin, Italy) 
Objective: To analyze the blood pressure (BP) circadian rhythm in Parkinson’s disease (PD), multiple system 
atrophy (MSA), and pure autonomic failure (PAF), evaluating possible differences among the three 
synucleinopathies. 
Background: Previous studies reported that 24-h ambulatory blood pressure monitoring (ABPM) might capture the 
circadian BP alterations associated with cardiovascular autonomic neuropathy (CAN) in PD [1], supporting the role 
of ABPM in the diagnosis and follow-up of CAN. Data currently available fail to clarify the extent to which ABPM 
alterations are differentially represented in PD, MSA and PAF, as well as the impact of vasoactive and dopaminergic 
medications on the circadian BP profile. 
Methods: BP circadian rhythm of patients with PD (n=72), MSA (n=18), and PAF (n=17) was assessed by means of 
ABPM. ABPM parameters included BP variability (BPV), BP load, nocturnal dipping, awakening hypotension. An 
unsupervised cluster analysis was performed to evaluate possible distinct patterns of BP alterations in PD 
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Results: The average BP was 121±14/72±8 mmHg (daytime) vs 133±20/76±13 mmHg (nighttime) (p<0.01), with 
BP load of 24±22/15±16% (daytime) vs 61±36/52±36% (nighttime) (p<0.01). Orthostatic hypotension (OH) was 
present in 95 patients (89%), supine hypertension (SH) in 63 (59%). Increased BPV was present in 67 patients 
(63%), awakening hypotension in 63 (59%), reverse and reduced dipping in 85 (79.4%) and 13 (12.1%). No 
differences were observed between PD, MSA, and PAF; vasoactive and dopaminergic medications were not 
associated with significant ABPM differences. Cluster analysis showed two distinct patterns of BP alterations in PD 
patients: the first (PD1) was characterized by normal BP loads, low prevalence of SH, and milder ABPM alterations; 
the second (PD2) by increased nighttime BP, high BP loads, higher prevalence of SH, reverse dipping, awakening 
hypotension and increased BPV. Prevalence of symptomatic OH and severity of CAN were similar between the two 
clusters. PD2 were older (p<0.05) and treated with lower doses of dopamine agonists (p<0.05). 
Conclusions: Regardless of the neurological diagnosis and pharmacological treatment, patients with alpha-
synucleinopathies showed a BP circadian rhythm characterized by increased BPV, reverse dipping, increased BP 
load, and awakening hypotension. Two distinct clusters of circadian BP alterations were detected in PD. 
References: Milazzo V, Di Stefano C, Vallelonga F, Sobrero G, Zibetti M, Romagnolo A, Merola A, Milan A, 
Espay AJ, Lopiano L, Veglio F, Maule S. Reverse blood pressure dipping as marker of dysautonomia in Parkinson 
disease. Parkinsonism Relat Disord 2018;56:82-87 

1617 
Hyposmia as a marker of (non-)motor disease progression in Parkinson’s disease 
D. Roos, J. Twisk, P. Raijmakers, R. Doty, H. Berendse (Amsterdam, Netherlands) 
Objective: To determine the relationship of anosmia/hyposmia in Parkinson’s disease (PD) with other motor and 
non-motor symptoms, and with the degree of nigrostriatal dopaminergic cell loss. 
Background: Hyposmia is highly prevalent in PD patients, and may precede the motor symptoms by several years. 
Previous clinical studies have yielded conflicting results when looking at the association between olfactory function 
and (non-)motor symptoms. 
Methods: A total of 295 patients (mean age 65.3 years, disease duration 5.3 years) with a diagnosis of PD were 
included. Olfactory function was measured using the University of Pennsylvania Smell Identification Test (UPSIT). 
Motor symptoms were rated using the motor subscale of the Unified Parkinson’s Disease Rating Scale, while using 
their regular medication. In addition, we used the Mini Mental State Examination as a measure of global cognitive 
function and validated questionnaires to assess sleep disturbances, psychiatric symptoms, autonomic dysfunction, 
anxiety and depression. A linear regression model was used to analyze the relationship between UPSIT scores and 
motor and non-motor variables (for psychiatric symptoms a Poisson regression was performed). In a subgroup of 
patients (n=155) with a dopamine transporter (DaT) SPECT scan, a similar statistical analysis was performed 
employing striatal DaT binding. 
Results: In total, 82.7% of the patients were either hyposmic or anosmic. In the linear regression model with 
correction for age, sex, and disease duration, all motor and non-motor symptoms were significantly associated with 
UPSIT scores [Table 1]. The influence of disease duration on the associations was negligible. In the subgroup of 
patients with a DaT-SPECT scan, there was a strong association between olfactory test scores and DaT binding in 
both putamen and caudate nucleus. 
Conclusions: The present cross-sectional study demonstrates that olfactory function, as measured by the UPSIT, 
was related to with various motor and non-motor measures of disease severity in PD patients. This observation 
emphasizes the profound involvement of the olfactory system in the PD process. In addition, greater olfactory 
dysfunction was associated with more pronounced loss of nigrostriatal dopamine neurons, as measured by DaT-
SPECT, in both the putamen and caudate nucleus. Smell dysfunction may therefore hold promise as a marker of 
disease progression. 
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1618 
MIBG myocardial scintigraphy identifies premotor PD/DLB during a negative DAT scan period 
R. Sakakibara, F. Tateno, Y. Aiba (Sakura, Japan) 
Objective: It is unknown which marker is useful to identify the premotor phase PD/DLB. We recently reported four 
patients who, during a negative DAT scan period, had a positive MIBG result that suggested premotor PD/DLB. 
Here we report 18 additional patients. 
Background: Neuroimaging markers for Parkinson's disease (PD)/dementia with Lewy bodies (DLB) include 
dopamine transporter (DAT) scanning and metaiodobenzylguanidine (MIBG) myocardial scintigraphy. 
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Methods: This study was a prospective cohort study: recruiting period, 5.0 years; prospective follow-up period, 
5.5±3.0 years, visit at least once a year. We recruited 745 referred subjects, and the inclusion criteria were: at least 
one of PD's known nonmotor features, as follows. Autonomic: postural hypotension (pure autonomic failure [PAF]), 
constipation, bladder dysfunction. Sleep: REM sleep behavior disorder (RBD). Cognitive: mild cognitive 
impairment or psychiatric symptoms; and having undergone both DAT and MIBG tests. 
Results: Only 18 patients fulfilled these criteria; their characteristics were: elderly (mean age 75.5 years), with long 
histories (onset 61.0 years; duration 14.5 years), male dominance (14 men, four women). The patients' neurologic 
diagnoses were constipation/RBD in 10, constipation/RBD/PAF in six, and constipation/PAF in two. During the 
follow-up period, seven patients developed PD or DLB. An abnormal MIBG result was noted in 94%, and an 
abnormal DAT result was noted in 56%. 
Conclusions: MIBG has the potential to be a useful marker during the DAT scan negative period to identify 
premotor PD/DLB but further studies are needed. 
References: Tateno H, Sakakibara R, Tateno F, et al. Metaiodobenzylguanidine myocardial scintigraphy identifies 
premotor Parkinson's disease during a negative dopamine transporter scan. J Am Geriatr Soc. 2015; 63: 2428-2430. 
Sakakibara R, Uchiyama T, Yamanishi T, Shirai K, Hattori T. Bladder and bowel dysfunction in Parkinson's 
disease. J Neural Transm (Vienna). 2008; 115: 443-460. Sakakibara R 1, Doi H 2, Fukudo S 3. Lewy body 
constipation. J Anus Rectum and Colon, 2019: in press. 
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1619 
Non-motor symptoms burden is greater in early Parkinson's disease patients with motor complications 
D. Santos, T. de Deus, E. Suárez Castro, A. Aneiros, S. Jesús, M. Aguilar, L.L. Planellas, J. García Caldentey, N. 
Caballol, B. Vives, J. Hernández Vara, I. Cabo, L. López Manzanares, I. González Aramburu, M.A. Avila, M.J. 
Catalán, L. López Díaz, J.M. García Moreno, B. Solano, M. Álvarez Sauco, L. Vela, S. Escalante, E. Cubo, F. 
Carrillo, J.C. Martínez Castrillo, P. Sánchez Alonso, M.G. Alonso Losada, N. López Ariztegui, P. Martínez Martín, 
S.G. COPPADIS (A Coruña, Spain) 
Objective: To analyze how motor complications are related to non-motor symptoms (NMS) burden in a population 
of early Parkinson´s disease (PD) patients. 
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Background: It is known that NMS burden is greater and many NMS are more prevalent in advanced PD patients 
with motor complications (MC). However, the relationship between NMS and MC in early PD patients has not been 
properly studied. 
Methods: PD patients from the COPPADIS cohort [1] were included in this cross-sectional study. NMS burden was 
defined according to the NMSS (Non-Motor Symptoms Scale) total score. UPDRS (Unified Parkinson´s Disease 
Rating Scale) part-IV was used to establish motor complication types and their severity. Patients with ≤ 5 years of 
symptoms from onset were included as early PD patients. 
Results: A total of 396 PD patients (61.9 ± 9 years old, 58.1% males) with a mean disease duration of 2.7 ± 1.5 
years were included. Of them, the 18.1% (75/396) and 5.8% (23/396) presented motor fluctuations and dyskinesia, 
respectively. NMSS total score was higher in patients with motor fluctuations (59.3 ± 44.6 vs 38.3 ± 33.4; 
p<0.0001) and with dyskinesia (65 ± 35.8 vs 40.9 ± 36.3; p=0.002). Scores on UPDRS-IV, UPDRS-IV-B 
(dyskinesias), and UPDRS-IV-A (clinical fluctuations) related to NMS burden (p<0.0001). In a multiple linear 
regression model and after adjustment to age, sex, disease duration, H&Y, UPDRS-III, BDI-II and levodopa 
equivalent daily dose, UPDRS-IV was significantly related to a higher NMSS total score (β=0.24; 95%CI 3.3-7.43; 
p<0.0001), as it was in a logistic regression model on dichotomous NMSS total score (≤40, mild or moderate, vs. 
>40, severe or very severe): OR=1.28; 95%CI 1.05-1.56; p=0.015. 
Conclusions: A relationship between MC and NMS exists even in early PD patients. MC are frequent and are 
related to NMS burden already during the first years after diagnosis. 
References: 1. Santos-García D, Mir P, Cubo E, Vela L, Rodríguez-Oroz MC, Martí MJ, et al.; COPPADIS Study 
Group. COPPADIS-2015 (COhort of Patients with PArkinson's DIsease in Spain, 2015), a global--clinical 
evaluations, serum biomarkers, genetic studies and neuroimaging--prospective, multicenter, non-interventional, 
long-term study on Parkinson's disease progression. BMC Neurol 2016;16:26. 

1620 
Influence of controlled-release levodopa on quality of sleep and nocturnal movements 
E. Schaeffer, L. Zaunbrecher, I. Liepelt-Scarfone, C. Hansen, W. Maetzler, S. Nussbaum, B. Roeben, M. Elshehabi, 
P. Saraykin, S. Otterbein, J. Busch, D. Berg (Kiel, Germany) 
Objective: To evaluate the effects of controlled-released (CR) levodopa on quality of sleep and nocturnal 
movements as assessed with mobile health technology in patients with Parkinson’s Disease (PD). 
Background: Sleep-maintenance insomnia and sleep fragmentation are common in PD, with up to 70% of the 
patients being affected. Based on the assumption that nocturnal akinesia is the main cause for sleep fragmentation, 
an evening dose of CR levodopa is frequently prescribed in clinical routine. However, evidence for the efficiency of 
this approach is currently lacking. 
Methods: Quality of sleep was assessed in two independent PD cohorts from the TRAINING-PD (n=56) and ABC-
PD (n= 44) study using the Parkinson’s Disease Sleep Scale (PDSS). Nocturnal movements were assessed in a 
subgroup of PD patients (n=53) and healthy controls (n=16) from the TRAINING-PD study using CE-marked 
mobile health technology (Minimod®, McRoberts, The Netherlands). 
Results: Compared to PD patients of the TRAINING-PD study without an evening dose of CR levodopa, PD 
patients taking CR levodopa reported lower sleep quality (PDSS sum score, p>0.001) and an increased incidence of 
nocturnal akinesia (PDSS Question 9, p=0.001). These results were confirmed in the ABC-PD study (PDSS sum 
score, p=0.042; PDSS Question 9, p=0.016). The amount and intensity of movements during the night as detected 
with mobile health technology was lower in PD patients compared to controls. Interestingly, PD patients with and 
without an evening dose of CR levodopa had comparable amount and intensity of movements during the night. 
Conclusions: Our results show that, in PD, 1) low sleep quality is often associated with subjective nocturnal 
akinesia that can 2) not be confirmed by objective assessment of amount and intensity of movements during sleep. 
This finding may be due to movement difficulties that are not detected by mobile health technology. An alternative 
explanation could be an altered perception of nocturnal movements and sleep / sleep quality in these patients. 
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1621 
A new screening tool to detect psychoaffective states in patients with Parkinson´s disease 
C. Schedlich-Teufer, M. Sommerauer, S. Jost, S. Schnitzler, H. Dafsari, E. Kalbe, J. Kessler, M. Barbe (Cologne, 
Germany) 
Objective: To develop a novel screening tool by pooling items from international self-assessment scales detecting 
psychoaffactive states such as mania, apathy, anxiety, depression and impulse control disorders in patients with 
Parkinson´s disease (PD). 
Background: For the past years motor symptoms in PD have been the focus in clinical and experimental research. 
Recently, non-motor symptoms, specifically psychoaffective alterations such as mania, apathy, anxiety, depression, 
and impulse control disorders moved into the center of interest. A correct description of the psychoaffective state is 
particularly important before deep brain stimulation (DBS) of the subthalamic nucleus, as this might have 
consequences for surgical indication. Using the full arsenal of different scales is time consuming and many items are 
redundant. To reduce the burden of the patients, pooling of the relevant items into one screening tool might be 
advantageous. 
Methods: 307 inpatients with PD (medium age= 66,01 years, SD= 10.18; 209 m, 98 f) were retrospectively 
analyzed. All patients underwent standardized neuropsychiatric testing including the German versions of SRMI [1] 
(mania; 48 items), AES [2] (apathy; 18 items), HADS [3] (anxiety and depression; 14 items), BDI-II [4] 
(depression; 21 items), QUIP-RS [5] (impulse control disorders; 28 items) in order to assess the indication for DBS 
at the University Hospital of Cologne from 2014 to 2018. Response patterns were analyzed based on classical test 
theory. Items that were negated in ≥80% of the PD patients in this preliminary analysis were excluded due to 
missing relevance in PD. The cognitive status was measured by MMSE [6], MOCA [7] and PANDA [8]. 
Results: From a total of 129 items in five questionnaires, 104 were identified as irrelevant. The remaining 25 items 
are displayed in table 1. 
Conclusions: Preliminary results show that a reduced item selection might capture significant elements of the 
psychoaffective state in PD patients. Further analysis is needed to confirm validity of this new screening tool in PD 
patients. 
References: 1 Manie Selbstbeurteilungsskala, Krüger et al. 1997; 2 Apathie Evaluationsskala, Lueken et al. 2006; 3 
Hospital Anxiety and Depression Scale-Deutsche Version, Hermann-Lingen et al. 1995; 4 Beck´s Depression 
Inventory II, Hautzinger et al. 1995; 5 Questionnaire for Impulsive-Compulsive Disorders in Parkinson´s Disease-
Rating Scale, Weintraub et al. 2012; 6 Mini Mental Status Test, Kessler et al. 1990; 7 Montreal Cognitive 
Assessment, Nasreddine et al. 2005; 8 Parkinson Neuropsychometric Dementia Assessment, Kalbe et al. 2005 
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1622 
Comparison between the Movement Disorders Society – Non-Motor Rating Scale (MDS-NMS) and the Non-
Motor Symptoms Scale (NMSS) 
A. Schrag, A. Rizos, C. Rodriguez-Blazquez, D. Weintraub, K.R. Chaudhuri, P. Martinez-Martin (London, United 
Kingdom) 
Objective: To compare the performance of the Movement Disorders Society – Non-Motor Rating Scale (MDS-
NMS) and its predecessor, the Non-Motor Symptoms Scale (NMSS). 
Background: The NMSS was the first comprehensive assessment for non-motor symptoms (NMS) in Parkinson 
disease (PD). The MDS-NMS has been recently developed based on the original NMSS, literature review, and 
expert consensus, to expand and refine the assessment of NMS. 
Methods: Multi-center, cross-sectional study to validate MDS-NMS in a sample of 402 PD patients recruited from 
movement disorders clinics in UK and US. Data on socio-demographic characteristics and PD treatment were 
obtained. The MDS-NMS was administered together along with the NMSS. Frequency of NMS (i.e., scores >0) by 
items and domains, mean and standard deviation (SD), comparison of scores in the sample grouped by age, sex, PD 
duration, Hoehn and Yahr stage (HY), and levodopa-equivalent daily dose (LEDD) were calculated. 
Results: The sample (62.2% men) had mean age of 67.42 years old (SD: 9.96), PD duration of 8.2 years (SD: 5.93), 
and mainly HY stage 2 (54.5%). Mean total scores were: MDS-NMS, 79.33 (SD: 65.87, range: 0-334) and NMSS, 
41.39 (SD: 35.2, range: 0-197). Most prevalent MDS-NMS domains were K. Sleep & Wakefulness (86.5%) and F. 
Cognition and M. Other (both, 80.1%). For NMSS, most prevalent domains were 2. Sleep/fatigue (79.9%) and 7. 
Urinary (73.3%). MDS-NMS items L1. Muscle/joint/back pain (67.5%) and F1. Difficulty remembering things 
(59.2%), and NMSS items 28. Change in ability to taste/smell (54.7%) and 17. Forgetting things (52.5%) were the 
most prevalent individual symptoms. Neither MDS-NMS nor NMSS total scores showed significant differences by 
sex or age groups, but both increased with increasing PD duration and LEDD (p<0.001). Most MDS-NMS and 
NMSS domains scores also increased with increasing HY stages (p<0.01). 
Conclusions: Due to the inherent similarities, there are overlapping attributes of the MDS-NMS and NMSS (e.g., 
score distribution by groups), but differences are also evident (e.g., in frequency of individual NMS) because of their 
structural dissimilarities. 
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1623 
Auditory processing in young patients of Essential Tremor 
P. Shetty, Y. Belur, R. Yadav, P. Yuvaraj, A. Rajasekaran, N. Shivashankar, S. Hegde, P. Pal (Bangalore, 
Karnataka, India) 
Objective: The study aims at exploring auditory aspects in young patients with Essential Tremor. 
Background: Patients with Essential tremor (ET) manifest with motor as well as non motor symptoms. One of the 
non-motor symptoms includes aspects of hearing (Louis et al., 2015; Balaban et al., 2011). Studies on the same are 
sparse however, previous study on ET have shown predominant peripheral high frequency sensorineural hearing loss 
(Ondo et al., 2003). 
Methods: This is a case control study design consisting 30 participants, out of which 15 individuals with ET formed 
group I and 15 age, gender and education matched healthy control formed group II. Participants between the age of 
30-45 years, confirmed diagnosis of ET, bilateral normal hearing and score of > 25 in Hindi Mental State 
Examination were included in the study. Participants were evaluated for parameters of Fahn Tolosa Marin tremor 
rating scale, Gap in Noise (GIN), Dichotic Digit Test (DDT) and P 300 for tonal stimulus (1 KHz frequent stimulus ; 
1.5 KHz rare stimulus of the oddball paradigm presentation) at Fz, Cz and Pz positions using standard recording 
protocols. 
Results: Results showed significant difference between G I and G II for all the parameters of GIN, DDT and P 300. 
Conclusions: Imaging studies have shown pathophysiology of ET at the level of physiologically preexisting Ventral 
intermediate nucleus (VIM) — Motor cortex — Cerebellar network and disruption of its functional connectivity 
(Fang et al., 2016; Saini, Yadav and Pal 2012). Cerebellum is a major associative center for sensory integration 
which includes, integration of  auditory inputs as it relates to representation of sound features that are relevant for 
speech perception (Baumann and Mattingley, 2010). The findings of the current study i.e., 1) Significant difference 
noted in parameters of GIN and DDT indicating impaired temporal resolution and deficits in binaural integration -
segregation of auditory stimulus respectively and 2) Significant difference in amplitude of P300 noted at Fz, Cz and 
Pz position reflects impaired attention which is important for processing higher level processing of ongoing auditory 
information. Therefore, indicating pathophysiology in the auditory pathways between brainstem to cortex in young 
patients with ET. 

1624 
Pursuit of Psychosocial Intervention for Depression and Anxiety in Japanese Parkinson’s Disease patients: 
Two Studies of Cognitive Behavioral Therapy 
I. Shinmei, N. Nishikawa (Japan)  
Objective: From 2013 to the present, we have explored the feasibility of cognitive behavioral therapy (CBT) for 
Japanese Parkinson’s disease (PD) patients with depression and anxiety. Since the psychosocial intervention for 
such psychiatric conditions in PD is not common, we introduce the two CBT studies for depression and anxiety in 
Japanese PD patients. 
Background: Depression and Anxiety is a highly comorbid with Parkinson's disease (PD) (Broen et al., 2016). The 
psychiatric condition may decrease the patient’s ADL and QOL and influence the patient’s acceptability and 
satisfaction of the pharmacotherapy as well. 
Methods: We introduce two CBT studies conducted among Japanese PD patients. The first study (Shinmei et.al., 
2016) is the single armed study for 6 sessions CBT among 19 Japanese PD outpatients with depression (GRID-
Hamilton Rating Scale for Depression: GRID-HAMD). The second one is the exploratory study for anxiety 
(Hamilton Rating Scale for Anxiety: HAM-A) with 8 sessions of CBT among 7 PD patients. 
Results: In the first study, we included 16 participants (mean age = 63.8 years, [SD] =9.9 years; mean Hohen–
Yahr stage=1.7, [SD] = 0.8) completed CBT and the dropout rate was 16% (3/19). We observed significant 
reduction in the GRID-HAMD (14.3, [SD] =4.5 to 9.7 [SD] =4.3),p＜.001) at the post treatment period. In the 
second study, 7 patients (mean age =72.3 years, [SD] =11.1 years; mean Hohen–Yahr stage=1.7, [SD] =0.8)and we 
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also found significant score reduction in the HAM-A (20.6, [SD] =6.2) to 9.4 [SD] =3.7), p＜.05) at the post 
treatment period and no dropout. 
Conclusions: We observed significant reduction of depression and anxiety in Japanese PD inpatients and 
outpatients and the second study indicated lower dropout rate than the first study. For those anxious patients, fear for 
fall or off state may interfere their hospital visit and inpatient CBT seems to increase completion rate of the 
treatment. In the first study, we utilized original CBT workbook that each session has specific components but in the 
second study, the therapists delivered CBT more in the tailor-made manor. For the reason, PD patients’ claims for 
anxiety vary from general anxiety to specific disease related problem. In the future study, we will pursue the 
possibility of CBT as a treatment choice for enhancement of anxiety in off state and dopamine dysregulation 
syndrome (DDS). 
References: 1. M.P. Broen, N.E. Narayen, M.L. Kuijf, N.N.W. Dissanayaka, A.F.G. Leentjens, Prevalence of 
anxiety in Parkinson's disease: a systematic review, Mov. Dis- ord. 31 (8) (2016 Aug) 1125e1133, 
http://dx.doi.org/10.1002/mds.26643. 2. Shinmei, I, Kobayashi, K, Oe, Y, Takagishi, Y, Kanie, A, Ito, M, 
Takebayashi, Y, Murata, M, Horikoshi, M, Dobkin, R. D. Cognitive behavioral therapy for depression in Japanese 
Parkinson's disease patients: a pilot study. Neuropsychiatric disease and treatment. 2016;12:1319-1331. 

1625 
Fatigue in Parkinson's Disease 
D. Silva, T.R. Alcântara-Silva, A.L. Alcântara-Silva, S. Suzuki-Godoy (Goiânia, Brazil) 
Objective: To evaluate the profile of fatigue in PD patients between two groups 
Background: Parkinson's disease (PD) is neurodegenerative, presenting motor and non-motor symptoms. Fatigue is 
the most debilitating symptom among patients with PD (Nassif, 2018) with a prevalence of 28% to 58% (Serrano-
Dueñas et al., 2018). 
Methods: METHODS: A prospective study performed at the Center of Neurosciences of the Hospital das Clínicas 
of the Federal University of Goiás, Goiânia, Goiás, Brazil. For both groups, participants of both sexes, aged between 
20 and 70 years, were included. Neuropsychiatric assessment included the MMSE to measure global cognitive 
status, and the HAMD and BDI to rate depressive symptoms. Clinical assessment of patients with PD included the 
Unified Parkinson's Disease Rating Scale (UPDRS) and Hoehn and Yahr (H-Y) stage. Schwab and England (SE), 
for evaluation of motor severity and disease stage of each patient were used. The presence and severity of fatigue 
were assessed with the Chalder Scale and Fatigue Severity Scale (FSS) respectively. 
Results: The study included 77 subjects (37 GDP and 40 GC). Regarding FSS, the data did not show significant 
difference between the groups. With regard to depression, it was more frequent in the GDP at moderate and severe 
levels (ρ = 0.007) for EH and mild and severe (ρ = 0.016). For the fatigue - age relationship, it is more present 
among individuals between 50 and 70 years. In the GDP ratio between fatigue and time in disease, the data showed 
that 46.7% had a duration equal to or greater than 5 years, and by FSS 50%, at the same disease time, they had 
extreme fatigue. In AVDs, according to SE, only 5% of participants had 60% performance, 5% had 70%, 65% had 
80% and 26% had 90% in AVDs. 
Conclusions: This study demonstrated that fatigue significantly affects PD patients. It also showed that it is more 
frequent in those patients with greater time and severity of the disease. Faced with this debilitating condition, it is 
important to implement combined therapeutic approaches in early diagnosis to provide better quality of life for 
patients. 
References: Nassif & Pereira. Fatigue in Parkinson's disease: concepts and clinical approach. Psychogeriatric. vol 
12(2), 2018. https://doi.org/10.1111/psyg.12302 Serrano-Dueñas et al. Fatigue in Parkinson’s disease: Metric 
properties of the fatigue impact scale for daily use (D-FIS), and its impact on quality of life. Clinical Neurology and 
Neurosurgery. Volume 169, June 2018, Pages 12-15. https://doi.org/10.1016/j.clineuro.2018.03.020 
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1626 
The influence of physical activities on cognition in small group of Parkinson's Disease patients 
J. Silva, M. Pereira, L. Piovesara, P. Azevedo, F. Cendes, A. D'Abreu, R. Guimarães (Campinas, Brazil) 
Objective: To assess the relation between cognitive performance and physical exercise in Parkinson's Disease 
patient. 
Background: Cognitive deficit is a common non-motor symptom in PD, responsible for a huge impact on the 
quality of life. It's known that physical exercises improve cognitive function(1). The ProParki project includes and 
provides physical activities, aiming to improve quality of life and soften symptoms. This study seeks to expose the 
impact of a physical exercise program in a small group of PD patients when compared to sedentary ones. It can 
show how efficient the encouragement of physical exercises is for PD patients as an important non-pharmacological 
therapeutic option for a cognitive deficit 
Methods: This was a cross-sectional study. We included 20 patients divided into two groups: 10 patients who 
practice physical activities in the ProParki project and another group with 10 sedentary PD patients from Hospital de 
Clínicas from Campinas University. The ProParki activities were based on muscle-building, balance training and 
socializing, three times a week and was held at the Universidade do Estado de São Paulo - UNESP located in Rio 
Claro, SP. All patients underwent a SCOPA-COG scale for cognitive function analysis. A GLM was applied to 
compare the two groups and the scale scores were included as the independent variable. The time of levodopa use, 
time of disease, age and schooling were included was covariates. 
Results: The ProParki patients had higher SCOPA-COG scores than sedentary individuals. The sub-item memory, 
was significant different between groups. This shows a good impact on PD patient's memory, even in a small group. 
Conclusions: Physical activity is an important non-pharmacological therapeutic to improve non-motor symptoms 
like cognitive function. This study exposed that even in a small groups of patients, the benefits from physical 
activities were noticed. Improving the quality of life of patients with PD. 
References: 1:da Silva FC, Iop RDR, de Oliveira LC, Boll AM, de Alvarenga JGS, Gutierres Filho PJB, de Melo 
LMAB, Xavier AJ, da Silva R. Effects of physical exercise programs on cognitive function in Parkinson's disease 
patients: A systematic review of randomized controlled trials of the last 10 years. 

1627 
The prevalence of supine hypertension and nocturnal hypertension and the difference of blood pressure in 
each sleep position in Parkinson's disease 
J. Sringean, R. Hamindra, R. Bhidayasiri (Bangkok, Thailand) 
Objective: This study aimed to determine the prevalence, associated factors of SH/NH and to identify relationships 
between blood pressure (BP) and sleep position in PD patients. 
Background: Autonomic dysfunction is one of the most distress non-motor symptoms in PD. Supine hypertension 
(SH) and nocturnal hypertension (NH) are rarely reported in early stage PD. It can lead to various serious 
consequences such as cardiovascular and cerebrovascular events and increased mortality rates. 
Methods: This is an analytic cross-sectional study. 70  PD patients were enrolled in this study to evaluate for SH 
and NH by measuring BP during day and nighttime by themselves at home with ambulatory BP measurement which 
has been guarantee validation on ESC 2010. BP was measured in different situations during one day divided into 
wake-up time, before and after lunch time 90 minutes and 11 PM. And BP was measured in different positions 
including supine, fowler, right lateral, left lateral and upright position. SH was diagnosed if there were hypertension 
in the supine position. SH was defined as SBP ≥ 140 and/or DBP ≥ 90 mmHg, measured in the supine position. NH 
was defined by loss of the physiological nocturnal BP fall at night of ≥ 10% while supine and asleep (dipping). 
Results: There were 35 female and 35 male PD in this study. The average age was 64.5 ± 10.4 years. Most of the 
patients were in moderate stage (H&Y= 2.3). The prevalence of SH in daytime and in nighttime were 18.6% and 
5.7%. NH was 78.6%. %. Similarly, the prevalence of OH and PPH were 21.4% and 14.3%. We found the 
statistically significant correlation between SH in nighttime and duration of disease, orthostatic hypotension and also 
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between NH and RBD. In addition, BP in both lateral positions was statistically significantly less than in supine and 
fowler position. 
Conclusions: The physicians should alert to evaluate for the presence of SH/NH in PD patients especially one who 
has long disease duration, RBD and orthostatic hypotension. The sleep positions that we should recommend for PD 
patients can be both lateral positions to decrease the SH and NH. 
References: 1. Umehara T, Matsuno H, Toyoda C, Oka H. Clinical characteristics of supine hypertension in de 
novo Parkinson disease. Clinical Autonomic Research. 2016;26(1):15-21. 2. Fanciulli A, Jordan J, Biaggioni I, 
Calandra–Buonaura G, Cheshire WP, Cortelli P, et al. Consensus statement on the definition of neurogenic supine 
hypertension in cardiovascular autonomic failure by the American Autonomic Society (AAS) and the European 
Federation of Autonomic Societies (EFAS). Clinical Autonomic Research. 2018;28(4):355-62. 3. 1. Kim JS, Park 
HE, Oh YS, Lee SH, Park JW, Son BC, et al. Orthostatic hypotension and cardiac sympathetic denervation in 
Parkinson disease patients with REM sleep behavioral disorder. J Neurol Sci. 2016;362:59-63. 
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1628 
Autonomic dysfunction in early Parkinson's disease: a prospective study 
I. Stankovic, I. Petrovic, T. Pekmezovic, V. Markovic, T. Stojkovic, N. Dragasevic Miskovic, M. Svetel, V. Kostic 
(Belgrade, Serbia) 
Objective: To define prevalence, severity, and predictors of dysautonomia symptoms in patients with Parkinson's 
disease (PD) recruited at the Hoehn and Yahr stage 1 prospectively followed for three years. 
Background: Clinical correlates of autonomic nervous system (ANS) dysfunction in early PD have been addressed 
mainly cross-sectionally and few data are available regarding its longitudinal changes. 
Methods: This is a combined cross-sectional and longitudinal prospective study of ANS dysfunction using the 
SCOPA-AUT in PD patients at the Hoehn and Yahr stage 1 with disease duration <2 years. PD patients (n=107) 
were compared to healthy controls (HC, n=79), and then followed-up for over 3 years. The severity of PD, 
depression, anxiety, apathy and cognitive impairment were evaluated using rating scales. 
Results: At least one symptom of ANS dysfunction was present in 71% of PD patients in comparison to 30.4% of 
HC, and in all PD patients after three years. The overall severity of autonomic dysfunction was mild (SCOPA-AUT 
mean ±SD; 4.16 ± 5.0), but worsened by 23%, 86% and 0.3% during the 1st, 2nd and 3rd year respectively. 
Nighttime voiding (38.3%), constipation (30.8%) and straining for defecation (29%) were the most common 
symptoms. Prevalence and severity of urinary, gastrointestinal, and cardiovascular dysfunction increased, in contrast 
to thermoregulatory and pupillomotor symptoms. Frequency of multi-domain dysfunction rose from 49% to 79%. 
Psychiatric symptoms and age, but not motor impairment, were associated with dysautonomia symptoms. 
Conclusions: ANS dysfunctionwas frequent in the initial motor stage of PD and progressed, yet remaining mild, 
within 3 years. An independent progression of dysautonomia from motor disability and its associations with non-
motor, mainly psychiatric symptoms and age support the non-motor clustering in PD. 

1629 
Clinical-instrumental algorithm for assessment visuospatial dysfunction in patients with Parkinson's disease 
K. Stepanchenko (Kharkiv, Ukraine) 
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Objective: To study the features of visual spatial dysfunction (VSD) in patients with Parkinson's disease (PD) using 
modern clinical-neuropsychological, ophthalmological and neuroimaging methods. 
Background: Visual spatial dysfunction is often an early symptom of neurodegenerative disease, however, there is 
no single algorithm for both clinical and instrumental diagnosis of VSD in patients with PD. 
Methods: Two groups: 1st (79 pers., ages 65,8±8,5) - patients with PD, 2nd (34 pers., ages 64,2±4,7) - patients 
without PD (control group) were examined. Neurological and ophthalmological examination, neuropsychological 
examination: Yerkes test, mirror test "mirror numbers and letters” and “clock hands” (AR Luria, 1969), "noisy" 
images (R. Sells, 2011), reduced test of Raven's progressive matrices (J. Raven et all, 2000), Poppelreuter test (W. 
Poppelreuter, 1925)); cognitive functions (MMSE, FAB (Frontal assessment battery, B. Dubois, 2000), CDR 
(Clinical Dementia Rating, JS. Morris, 1993)); optical coherence tomography (OCT, protocols - Ganglion Cell 
Complex (GCC), Retinal Nerve Fiber Layer (RNFL), Macular Map 5 (MM5)); MRI morphometry were performed. 
Results: The thinning of the retinal sections of the eye assessed by OCT (thickness of the lower part of the retinal 
ganglion cell complex (89,1±7,2 μm versus 96,1±7,6 μm, p<0,01), lower quadrant of the layer of nerve fibers of the 
retina (121,3±17,5 μm versus 124,9±15,6 μm, p<0,05), the central fossa (278,5±17,2 μm versus 286,8±18,8 μm, 
p<0,05) and the upper hemisphere of the paracentral zone (319,9±14,4 μm versus 328,6±15,1 μm, p<0,01)) and the 
cerebral cortex atrophy assessed by MRI morphometry (calcarine sulcus (р<0,01), parietal-occipital sulcus, inferior 
occipital gyrus and sulcus (p<0,05)) were the most significant for the development of VSD in PD. The risk of VSD 
(visual agnosia, illusory optic-spatial phenomena, hallucinatory optic-spatial phenomena) increased with the 
development of dementia (p<0,05). 
Conclusions: VSD in PD can be caused by changes in the light-transmitting systems of the eye, morphological 
changes in certain layers of the retina and degeneration of the neurons of the parietal and occipital cortex of the 
brain. Diagnostics of VSD in PD should be carried out clinical-neuropsychological tests (Poppelreuter test, reduced 
test of Raven's progressive matrices, Yerkes test, MMSE, FAB), OCT (GCC, RNFL, MM5) and, in some cases, 
Brain MRI. 
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Withdrawn 
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Parkinson’s Panorama: Epidemiology and Non-motor Symptoms, Revisiting Taboo Topic of Sexual 
Dysfunction in a Malaysian Parkinson’s Population 
K. Tan, Y.Y. Tan (Georgetown, Malaysia) 
Objective: There is limited data on sexual dysfunction as an non-motor symptom (NMS) in Parkinson’s, especially 
in most developing countries in Asia where the discussion of sex remains a cultural taboo. We hereby analyze the 
prevalence of sexual dysfunction among the Parkinson's disease (PD) population in Penang General Hospital, a 
tertiary hospital in the state of Penang, Malaysia. 
Background: Parkinson’s Disease is a neurodegenerative disorder with both motor and NMS. Hyposmia, 
constipation and rapid eye movement (REM) sleep disorder are some of the well-recognized NMS. The discussion 
of sexual dysfunction remains a cultural taboo and is usually an avoided topic in most developing countries in Asia. 
Hence, data on sexual dysfunction among the Parkinson's population is even more sparse. 
Methods: All follow-up or newly diagnosed idiopathic PD subjects within a 12-month period in Penang General 
Hospital were recruited into this cross-sectional, observational study. Epidemiological data were obtained via 
personal interview during clinic review. The prevalence of NMS was evaluated using the NMS Questionnaire 
(NMSQuest). Evaluation of sexual dysfunction in NMSQuest includes altered sex drive (Question 18) and sexual 
difficulty (Question 19). 
Results: Our study recruited 100 subjects with a mean age of 70 years. There were 60 males and 40 females. 
Majority were Chinese (n=78, 78%), followed by Malays (13%), Indians (8%) and others (1%). Mean duration of 
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disease was 7 years with mean H&Y score of 2.7. 
All PD subjects reported at least 1 NMS per person. The most common NMS was nocturia (78%) and constipation 
(70%). The prevalence of sexual difficulty in our cohort was 55% (n=55) while altered sex drive was 52% (n=52). 
There was a significant association between gender and sexual difficulty (p=0.001). There was also a significant 
association between gender and altered sex drive (p=0.005). However, our study showed no significant association 
between ethnicity and sexual dysfunction. There was also no significant association between H&Y staging with 
sexual dysfunction. 
Conclusions: Our study showed a high prevalence of sexual dysfunction for both altered sexual drive and sexual 
difficulty among our cohort. Sexual dysfunction is common among PD patients but remains unrecognized as it is 
still not widely accepted culturally to openly discuss regarding sexual dysfunction. 

1632 
Influence of cognitive abilities on prominence production in mild dysarthric patients with Parkinson’s disease 
T. Thies, D. Mücke, A. Lowit, J. Steffen, E. Kalbe, M. Barbe (Cologne, Germany) 
Objective: This study investigates prominence marking (highlighting of prominent elements by adjusting speech 
parameters in the glottal, supraglottal and subglottal systems) and how this ability is correlated with motoric [1] and 
cognitive abilities [2] in patients with Parkinson’s disease (PwPD). 
Background: Dysarthric speech in PwPD affects different subsystems of speech involving phonation, articulation 
and respiration [3, 4]. It is unclear how much deterioration of these systems is tolerated until PwPD are no longer 
able to adjust speech parameters. Moreover, little is known about the relationship between cognitive functions and 
prosodic abilities. 
Methods: We collected production data from 38 native speakers of German: 19 PwPD (Med-On) with a mild to 
moderate motor impairment (UPDRS III, [5]) and 19 healthy age and gender matched controls. We recorded target 
words in two conditions (accented vs. unaccented) within mini-dialogues and analysed the acoustic speech 
parameters: intensity, pitch and vowel formants. Furthermore, we assessed cognitive functions in terms of executive 
functioning, attention control and working memory. 
Results: Comparisons between PwPD and controls revealed that the vowel space is smaller in PwPD right in the 
beginning of the developing dysarthria (p<.001). However, both groups were able to mark prominence by adjusting 
their vowel articulation and by increasing pitch and intensity. For the PwPD we found a relation between executive 
functions and the modulation of pitch and intensity (p<.01). The more severe the executive dysfunction the stronger 
intensity and pitch get modulated. Furthermore, the impairment of motor abilities within the PwPD group was 
accompanied by a decrease of the acoustic vowel space (p<.01). This results in an inefficient way of prominence 
marking and in a decrease in speech intelligibility and naturalness in an early stage of dysarthria. 
Conclusions: Our study shows a link between cognitive skills and speech production in natural sentence production, 
because PwPD with signs of mild dysarthria overused pitch and loudness in prominent positions, correlated with 
their level of executive functioning. Furthermore, lingual control decreases with an increase in motor impairment. 
Our results may be of clinical interest supporting the provision of therapeutic input at the early stages of the disease 
to preserve communication function. 
References: [1] Hornykiewicz, O. 1998. Biochemical aspects of Parkinson's disease. Neurology, 51(2 Suppl 2), 2-9. 
[2] Kalbe, E., Rehberg, S. P., Heber, I., Kronenbuerger, M., Schulz, J. B., Storch, A., et al. (2016). Subtypes of mild 
cognitive impairment in patients with Parkinson's disease: evidence from the LANDSCAPE study. J Neurol 
Neurosurg Psychiatry, 87, 1099-1105. [3] Darley, F. L., Aronson, A. E., & Brown, J. R. 1969. Differential 
diagnostic patterns of dysarthria. Journal of Speech, Language, and Hearing Research, 12(2), 246-269. [4] Duffy, J. 
R. (2013). Motor Speech Disorders - Substrates, Differential Diagnosis, and Management. St. Louis, Elsevier, 
Mosby. [5] Goetz, C. G., Tilley, B. C., Shaftman, S. R., Stebbins, G. T., Fahn, S., Martinez‐Martin, P., ... & Dubois, 
B. 2008. Movement Disorder Society‐sponsored revision of the Unified Parkinson's Disease Rating Scale (MDS‐
UPDRS): Scale presentation and clinimetric testing results. Movement disorders, 23(15), 2129-2170. 
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1633 
Professional characteristics of people with or without impulse control disorders in Parkinson’s disease from a 
single centre cohort study, Moscow, Russia 
N. Titova, N. Shipilova, E. Katunina (Moscow, Russian Federation) 
Objective: We analyzed professional activity in Parkinson’s disease (PD) patients with and without impulse control 
disorder (ICD) from a single center cohort study in Moscow, Russia using the E.A. Klimov [1] classification of 
typology of professions for the first time. 
Background: Professional activity in PD can be analyzed to 5 typology grades according to professional 
affiliations: nature, technology, man, artistic image, sign system. 
Methods: 51 PD patients with ICD (PD+ICD, mean age 65,8±8 years, mean disease duration 6,6±4,94 years, LEDD 
731±454 mg) and 36 patients without ICD (PD-ICD, mean age 70,6±5,9 years, mean disease duration 7,53±4,9 
years, LEDD 760,4±342,1 mg) were classified using Klimov system as follows: "Man-Nature"= professions related 
to transformation, study and conservation of nature (agronomist etc), "Man-Technology" = professions associated 
with the creation, maintenance and operation of equipment (engineer, builder etc.), "Man-Man" = training and 
education (doctor, teacher etc), “Man-Sign system” = working with sign systems such as numeric, mathematical, 
"Man-Artistic image" = professions related to creation and artistry (actor, singer etc). 
Results: Klimov classification of professions according to PD+ICD and PD-ICD subgroups are shown in Table 1 
[table1]. The «Man-Artistic image» category was significantly overrepresented in the PD+ICD versus PD-ICD 
group (p<0.05) (Table 1). All other professional categories were similar between the two groups except «Man-
Nature» which was not recorded in the PD+ICD group. 
Conclusions: Professions related to the “Man-Artistic image” category appears to be significantly associated with 
PD+ICD group and may reflect high rates of reward seeking behavior which may predispose to ICD in these 
professional groups 
References: [1] Klimov EA. Psychology of Professional Self Determination (in Russian), Moscow, 2004, pp 304 

 

1634 
Specific chemosensory pattern in Parkinson’s disease 
c. Tremblay, R. Emrich, A. Cavazzana, L. Klingelhoefer, M. Brandt, T. Hummel, A. Haehner, J. Frasnelli (Trois-
Rivières, QC, Canada) 
Objective: Our objective was to investigate the trigeminal pathway by measuring intranasal and central 
electrophysiological recordings in response to a specific trigeminal stimulus in patients with Parkinson’s disease and 
compare them to patients with non-parkinsonian forms of olfactory dysfunction and healthy controls. 
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Background: Olfactory dysfunction is a highly sensitive pre-motor symptom of Parkinson’s disease (PD). In order 
to use olfactory testing to screen for PD, it is important to differentiate olfactory dysfunction associated with PD 
from other forms of olfactory dysfunctions. One potential avenue to do so is the measurement of the trigeminal 
sensitivity. While there is evidence that patients with olfactory dysfunction show a reduced trigeminal sensitivity 
compared to controls, previous studies suggested that the trigeminal system does not seem to be impaired in PD. 
Methods: We measured peripheral electrophysiological recordings from the nasal epithelium (negative mucosal 
potential, NMP) and central EEG-derived event-related-potentials (ERP) in response to a specific trigeminal 
stimulus (CO2), in 21 PD patients and compare them to 23 patients with non-Parkinsonian olfactory dysfunction 
(NPOD) and 25 controls (C). 
Results: Our results show that patients longer NMP latencies and amplitudes in patients with NPOD than controls 
and patients with Parkinson’s disease. Moreover, PD patients show larger early ERP components than patients with 
NPOD. This was despite a significantly diminished olfactory function in both groups of patients compared to 
controls. These results revealed a discriminant model that could predict group membership for 80% of participants 
based on the negative-mucosa-potential-latency, olfactory threshold and discrimination tests. 
Conclusions: These results suggest a specific pattern of chemosensory impairment in patients with Parkinson’s 
disease. We are now conducting a study using structural and functional imaging to better understand the underlying 
mechanisms. This may help to differentiate PD-related olfactory loss from NPOD, a crucial step towards 
establishing early screening batteries for PD including smell tests. 

1635 
The relationship of non-motor symptoms with the dominant symptom and the stage of patients with 
Parkinson’s disease 
E. Tur, M. Demir, G. Kenangil (ISTANBUL, Turkey) 
Objective: In this study, we investigated the frequency of non-motor symptoms (NMSs) and their relation with the 
dominant symptom and the stage of PD. 
Background: During the course of the disease, PD patients experience not only motor but also various types of non-
motor symptoms. These NMSs affect the quality of life in PD and should be recognized by the clinicians and treated 
accordingly. 
Methods: Hundred and eighty patients diagnosed  with PD according to United Kingdom Brain Bank criteria  were 
enrolled into the study. The 30-item non-motor symptoms Questionnaire (NMS Quest) was used for evaluating the 
NMSs. Patients were asked about the presence of NMSs for the  last one month. Disease severity was assessed by 
Modified Hoehn and Yahr scale, the Unified Disease rating scale  (UPDRS) was used for  the clinical evaluation of 
PD patients.  Patients were divided in two groups according to the dominant symptom  as ; 1-Tremor dominant, 2- 
Akinetic-rigid dominant and according to the H&Y Scale as; 1:Early stages( stage1, 1,5 and 2) ,2:moderate to 
advanced stages (>stage 2,5). 
Results: Patients were mostly men (56.7 %) with the mean age of 64.2±11.5, mean disease duration was 6.22± 
5.1years, mean UPDRS scale was 33.1 ±17.4, Hoehn-Yahr scale 1.96± 0.8. The dominant symptom was a tremor in 
64.4 % and bradikinesia in 35.6 % of 180 patients. In the whole group, the most common NMSs was nocturia 78.8 
%. The 69.8% of the patients had constipation, 57.5% had a depressive mood. The frequency of the type of NMSs in 
tremor dominant PD was similar to the whole group. But in Akinetic-rigid dominant PD patients orthostatic 
hypotension 67.2% and restless legs syndrome 64.1% were significantly higher compared to tremor group. Although 
the most common NMSs was constipation 61.7% in the early stages, the most common NMSs was nocturia 85.9% 
in moderate to advanced stages. In moderate to advanced stages difficulty of swallowing, dementia, hallucinations 
and drop attacks were significantly higher compared to early stage. 
Conclusions: Although the motor symptoms are well-defined and controlled in PD, the NMSs are frequently 
underdiagnosed in clinical practice. The type of NMSs may differ according to the dominant symptom and stages of 
PD. 
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1636 
Characteristics of lower gastrointestinal tract dysfunction in patients with Parkinson disease 
T. Uchiyama, T. Yamamoto, K. Suzuki, T. Kadowaki, H. Nakajima, R. Sakakibara, S. Kuwabara, K. Hirata, M. 
Murai (Chiba, Japan) 
Objective: To evaluate the characteristics of lower gastrointestinal tract dysfunction in patients with Parkinson 
disease (PD). 
Background: Lower gastrointestinal tract dysfunction is common in patients with PD. Constipation is a prominent 
lower gastrointestinal tract dysfunction that occurs frequently in patients with PD. Usually, there are three types of 
constipation in according with the types of lower gastrointestinal tract dysfunction: colonic inertia type (slow-transit 
constipation), outlet obstruction type (pelvic floor dysfunction), and mixed type.  
However, characteristics of constipation due to lower gastrointestinal tract dysfunction in patients with PD have 
been unknown. 
Methods: Nineteen patients with PD with motor fluctuations were recruited; those with other conditions that might 
have influenced lower gastrointestinal tract function were excluded.  We performed questionnaire of bowel 
symptom and colonic transit time (CTT) study.  The CTT study was performed using the repetitive ingestion 
method. We counted the number of markers in each segment of the large bowel and then calculated the right CTT, 
left CTT, rectosigmoid CTT, and total CTT. 
Results: Seventeen patients with PD had constipation. Thirteen patients with PD (68.4%) mainly had outlet 
obstruction type (pelvic floor dysfunction), 6 (31.6.1%) mainly had colonic inertia type (slow-transit 
constipation).  However, most of them also had overlapped findings (nearly mixed type). 
Conclusions: In patients with PD, constipation due to lower gastrointestinal tract function was common, in 
particular colonic inertia type (slow-transit constipation). 

1637 
Motor and non-motor symptoms related to sleep disturbances in Parkinson’s disease 
D. van Wamelen, V. Leta, A. Podlewska, Y. Wan, A. Sauerbier, A. Rizos, P. Martinez-Martin, K. Chaudhuri 
(London, United Kingdom) 
Objective: To assess which (non-)motor symptoms are associated with the longitudinal development of sleep 
disturbances, one of the major non-motor symptoms (NMS) in Parkinson’s disease (PD) patients. 
Background: Although the role of depression and cognition in sleep problems in PD is well-established, whether 
other NMS are associated with the development of sleep problems remains understudied. 
Methods: A longitudinal analysis of 209 participants enrolled in the global Non-motor Longitudinal International 
Study (NILS; UKCRN No: 10084, database held at King’s College Hospital (London UK)). Patients were stratified 
(good sleep (n=160) and poor sleep (n=49)) based on PD Sleep Scale (PDSS) scores at follow-up, where scores < 82 
were considered as poor sleep [1]. We used the Non-Motor Symptom (NMSS), Hospital Anxiety and Depression 
(HADS), and Epworth Sleepiness scales (ESS), Mini Mental State Examination (MMSE), and Scales for Outcomes 
in Parkinson's disease (SCOPA) as predictors. Group differences were assessed with the Mann-Whitney-U-test, and 
baseline to follow-up differences with the Wilcoxon signed rank test, with correction for multiple testing. 
Results: Average disease duration was 6.2±6.9 years at baseline and 9.2±7.0 years at follow-up. At baseline, no 
differences were observed between groups for age, sex, disease duration, Hoehn and Yahr, and levodopa equivalent 
dose (p≥0.19). Those with poor sleep at follow-up, had higher NMSS total scores, NMSS mood/cognition, urinary, 
and miscellaneous scores, SCOPA motor and disability scores, and HADS (anxiety and depression) scores at 
baseline (p≤0.003). Over the follow-up period the only NMS to change was the NMSS perceptual domain scores, 
which worsened (p=0.002). There were no differences in baseline dopamine transporter scan ratios (for striatum, 
putamen and caudate) between groups (p≥0.22). 
Conclusions: In this cohort of moderately advanced to advanced PD patients, poor sleep after three years was 
associated with differences in NMSS total scores, mood/cognition, urinary problems, the NMSS miscellaneous 
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domain, and worse SCOPA motor and disability scores at baseline. These symptoms should alert health care 
professionals to the development of poor sleep in PD patients. 
References: 1. Martinez-Martin P, Visser M, Rodriguez-Blazquez C, Marinus J, Chaudhuri KR, van Hilten JJ; 
SCOPA-Propark Group; ELEP Group. SCOPA-sleep and PDSS: two scales for assessment of sleep disorder in 
Parkinson's disease. Mov Disord. 2008;23(12):1681-8. doi: 10.1002/mds.22110. 

1638 
Impulse Control Disorders in a Brazilian population with Parkinson´s disease -an observational study 
B. Veiga, V. Borges, H. Ferraz, C. Aquino, C. Giacominelli, S.M. Silva, S. Lestingi (São Paulo, Brazil) 
Objective: To Analyse Impulse Control Disorders (ICDs) and Related Behaviors (RB) in 36 Brazilian patients with 
Parkinson´s disease (PD) and compare the cognition of the patients with and without ICDs in our Movement 
Disorders Outpatient Clinic (MDOC) at Universidade Federal de Sao Paulo (UNIFESP). 
Background: ICDs are a serious complication of PD and its treatment, occurring over the course of the illness. 
ICDs and RB have a significant impact on quality of life, and are associated with significant psychiatric 
comorbidity. 
Methods: An observational study was done on a series of 36 consecutive patients with PD witth < 59 years of age 
from the MDOC at UNIFESP. Patients underwent the following assessment: Mini-Mental State 
Examination(MMSE), Frontal Assessment Battery(FAB), Clock Drawing Test(CDT), Hopkins Verbal Learning 
Test-Revised (HVLT-R), Trail Making Test A(TMT-A) and B(TMT-B), Forward Digit Span(FDS) and Backward 
Digit Span(BDS), Stroop Test(ST), Beck Depressive Inventory(BDI), Neuropsychiatric Inventory(NPI), PD 
Impulsive-Compulsive Questionnaire-Current Short(QUIP-CS) Portuguese version, Barratt Impulsiveness 
Scale(BIS-11), UPDRS-3 and HY. 
Results: The study group showed a mean age ± SD of 50,9 ± 6,2 years(y), 30,5% of the group were women and 
69,4% were men (11 and 25), 66,6% (24) patients were taking dopaminergic agonist (pramipexol), the mean 
duration of PD ± SD was 8,7 ± 4,6 years, the mean LEDD± was 861,1±462,7mg, the mean UPDRS-3± SD was 28,6 
± 13,3. The frequency of ICD and/or RB in this group was 66,6%(24) of which 50%(12) had binge eating, 
45,8%(11) compulsive buying, 16,6%(4) compulsive sexual behavior, 12,5%(3) compulsive gambling and 
54,1%(13) RB(punding, hobbyism ,and dopamine dysregulation syndrome). Patients were distributed between 2 
groups (with ICD and/or RBs and without ICD and/or RBs) which presented similar age ± SD(50,2 ±5,7y; 
52,2±7,3y p=0,377), LEDD±SD (865,9±398,2mg; 851,6±591mg,2 p=0,456), pramipexol dosage ± SD 
(1,17±1,22mg; 0,85±1,11mg p=0,447), PD duration (8,9±5,0y; 8,5±3,8y p=0,934), and similar results in cognitive 
and psychiatric assessment. 
Conclusions: ICDs and RBs are frequent complications of PD and its treatment with a great impact in patients 
life.  Our study demonstrated a high frequency of ICD and RBs (66,6%)  compared to literature (up to 20%), but our 
sample consisted mostly of young men (69,4%) using dopaminergic agonist and this must have influenced our 
results. 

1639 
Glycopyrrolate as inhalation for treating sialorrhea in Parkinson’s Disease 
L. Velzen, J. Masselink, L. Dorresteijn, K. Movig (Enschede, Netherlands) 
Objective: To evaluate the safety, tolerability and effect of glycopyrrolate inhalations in PD patients with sialorrhea. 
Background: Sialorrhea is reported in up to 60 percent of patients with Parkinson’s Disease (PD). A frequently 
prescribed treatment is oral glycopyrrolate (tablets or solution). The absorption of orally administered glycopyrrolate 
may be influenced by dysfunction in the gastrointestinal tract in patients with PD. Using the respiratory system may 
improve absorption of glycopyrrolate and therefore reduce drooling and improve the quality of life. 
Methods: We recruited 10 patients with PD (mean age 67 y, mean H&Y 2,4) and complaints of sialorrhea. Starting 
with a baseline week, they used a weekly increasing dose of glycopyrrolate during three weeks: once, twice and 
three times daily 44 mcg. During the fifth week, subjects could use the glycopyrrolate inhalation ‘on demand’ with a 
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maximum of fout inhalatoins per day. During the entire study period, the sialorrhea score was obtained three times 
per day using a 1-9 point scale. 
Results: In 40% of the patients there was a significant reduction of drooling of more than 50%. The mean sialorrhea 
score of all participants who completed the study decreased from 4.8 (2.4 – 6.9) to 2.2 (1.0 – 4.0). No serious side 
effects occurred. Tolerability of inhaled glycopyrrolate could be labelled as moderate, because 30% of participants 
dropped out due to possibly related side effects. Most reported side effect was transitory headache. 
Conclusions: 1. Glycopyrrolate inhalations are feasible and safe; 
2. When tolerated, inhaled glycopyrrolate seems to be an alternative for oral administration, especially in patients 
with gastro-intestinal distress; 
3. More research is needed to assess effectiveness. 

1640 
Exploratory analysis of the relationship between pain and mood disturbances in Parkinson's disease 
C. Vila, A. Sparks, P. Imbriani, N. Caputi, L. Covington, T. Schirinzi, S. Natoli, A. Pisani, P. Ghosh (Washington, 
DC, USA) 
Objective: This study aims to investigate the relationship between pain and mood disturbances in patients with 
Parkinson disease (PD). 
Background: Pain and mood disturbances are distressing non-motor symptoms (NMS) in PD.[1][2] There is 
inconsistent data about the correlation between pain, depression, and anxiety in PD,[3][4][5] and little information 
about the relationship between apathy and pain in PD. Characterizing these relationships may be helpful to provide 
holistic treatment for PD patients. 
Methods: This is a cross-sectional, observational study of consecutive patients with idiopathic PD, ages 18-85, 
evaluated at two academic centers. Subjects were assessed with the UPDRS III, King's PD Pain Scale (KPPS), Non-
Motor Symptoms Scale (NMSS) and Beck Depression Inventory (BDI). Exclusion criteria included atypical 
Parkinsonism, cognitive impairment (MMSE < 24/30), severe disability (H&Y stage >4), or other diseases causing 
acute or chronic pain. Spearman’s rank correlation coefficient, ρ, was used for data analysis. 
Results: 167 patients were enrolled and 88% (n=148) experienced pain (defined as KPPS total > 0) [table1]. Pain 
correlated significantly with mood/cognition disturbances on NMSS-3 (ρ=0.29, P<0.001, [figure1]) and depression 
on BDI (ρ=0.37, P<0.001, [figure2]). Pain subtypes of musculoskeletal (ρ=0.21, P=0.009) and chronic pain (ρ=0.18, 
P=0.032) had a significant correlation with mood disturbances (NMSS-3). Selective serotonin reuptake inhibitor 
(SSRI) use by 46 patients did not lower KPPS, BDI, or NMSS-3 scores [table1]. NMSS-3 questions were classified 
as representing depression, apathy, or anxiety based on DSM V criteria and peer-reviewed definitions [table2].[6][7] 
Of the mood disturbances, apathy had the strongest correlation with pain [table2]. 
Conclusions: The presence of pain in PD is associated with various mood disturbances, including depression, 
anxiety and apathy. Our data shows that apathy may contribute significantly to this relationship, which was not 
previously recognized. Future studies using tools specifically assessing apathy might further elucidate this 
relationship between apathy and pain in PD. 
References: [1] Pfeiffer, R. (2016). Parkinsonism Relat Disord. 22: S119-22. [2] Schapira, AH., et al. (2017). Nat 
Rev Neurosci. 18(7): 435-450. [3] Ehrt, U., et al. (2009). Am J Geriatr Psychiatry. 17: 269-75. [4] Rana, AQ., et al. 
(2017). Clin Neurol Neurosurg. 160:1-4. [5] Rana, AQ., et al. (2016). Int J Neurosci. 126(2): 116-20. [6] American 
Psychiatric Association. (2013). DSM V. [7] den Brok, MGHE., et al. (2015). Mov Disord. 30(6): 759-69. 
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1641 
Effect of Deep brain stimulation and Continuous infusion of levodopa-carbidopa intestinal therapy on non-
motor symptoms in patients with advance Parkinson’s disease 
V. Vuletic (Rijeka, Croatia) 
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Objective: Our aim was to see effects of deep brain stimulation (DBS) and continuous infusion of levodopa-
carbidopa intestinal gel (LCIG) on nonmotor symptoms in advanced Parkinson’s disease (APD) 
Background: The modern management of PD is patient-oriented.  Nonmotor symptoms influence the most quality 
of life in APD. 
Methods: We tested 70 patients before and 3 months after DBS and 20 patients before and 3 months after LCIG that 
came to our Center last year. The investigation was conducted  with anamnesis and treatments’ data, Non-motor 
Symptom Scale (NMSS), Non Motor Symptoms Questionnaire (NMSQ), Visual Analogue Scale (VAS), McGill 
questionnaire and Hospital Anxiety and Depression Scale (HADS), Montreal Cognitive Assessment (MoCA) and 
Mini Mental State Examination (MMSE), Parkinson's disease sleep scale (PDSS), Unified Parkinson's Disease 
Rating Scale- part II (activities of daily living-ADL), part III (motor examination -ME), Parkinson's 
Disease Questionnaire- 39 (PDQ-39)  and levodopa dosage. Statistical analysis was done. 
Results: Mean age was 71.09±0.9 (man 56%; women 44%). Mean disease duration was 14.0±0.6. We found 
statistically significant improvement in nonmotor symptoms (NMSS total score and NMSQ), motor symptoms and 
PDQ-39 in both methods. Considering subdomains, we found significant beneficial effect on sleep, gastrointestinal, 
cardiovascular and urological symptoms in both methods, but better improvement in pain and sexual function in 
DBS and mood and apathy section in LCIG patients (p<0.05). 
Conclusions: We found beneficial effects after 3 months with both invasive methods (DBS and LCIG) on nonmotor 
symptoms and quality of life. The most consistent improvements are seen concerning sleep, cardiovascular, 
gastrointestinal and urological symptoms. This can help us to decide on advanced therapy for individual patients. 
References: 1. Hariz GM, Hamberg K. Perceptions of living with a device-based treatment: an account of patients 
treated with deep brain stimulation for Parkinson’s disease. Neuromodulation 2014;17:272–8. 2. Reich M, 
Chaudhuri K, Ashkan K, et al: Changes in the non-motor symptom scale in Parkinson’s disease after deep brain 
stimulation. Basal Ganglia 2011, 1:131–133. 3. Nisenzon AN, Robinson ME, Bowers D, Banou E, Malaty I, Okun 
MS: Measurement of patient-centered outcomes in parkinson: what do patients really want from their treatment? 
Parkinsonism Relat Disord 2011,17:89–94. 

1642 
Frequency, course and predictors of fatigue in Parkinson’s disease patients and population-based controls 
E. Warrlich, E.J. Vollstedt, R. Modreanu, B. Hauptmann, V. Tadic, S. Tunc, C. Kritzinger, J. Prasuhn, A. Balck, M. 
Borsche, H. Hanssen, N. Brüggemann, C. Klein, M. Kasten (Luebeck, Germany) 
Objective: To assess fatigue frequency, course, and predictors in a large and diverse cohort of Parkinson’s disease 
(PD) patients and controls. 
Background: Fatigue is a frequent and disabling symptom in Parkinson’s disease (PD). It may precede motor signs 
and thus can be useful for earlier diagnosis. Knowledge on the course of fatigue is scarce, as are the means to 
address it therapeutically. 
Methods: We examined a cohort of 1030 participants, including PD patients recruited in our movement disorders 
clinic and controls recruited via population screening. Controls were unselected non-PD persons who could have 
other disorders including motor impairment to address the specificity of fatigue. The MDS-UPDRS item on fatigue 
was assessed over the course of 2 years in healthy controls (n=278), disease controls (n=242), persons with mild 
parkinsonian signs (n=72), and PD (n=435). 
Results: In PD patients, the frequency of fatigue was 31% and it was similar for disease controls (26%), whereas 
healthy controls (13%) and persons with mild parkinsonian signs (14%) reported fatigue at lower frequencies. We 
observed comparable frequencies among men and women. Over a two-year course, fatigue persisted in 49% and out 
of all persons with fatigue, 64% reported improved, 20% worsened severity. Across groups, the postural instability 
gait disorder score was associated with fatigue, as were depressive and anxiety symptoms, daytime sleepiness, and 
certain medications. Comparing the baseline and follow-up examinations, previous fatigue was associated with 
current fatigue. 
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Conclusions: Fatigue is common, persistent and difficult to treat. However, the frequency in PD patients and 
disease controls was similar and we did not observe an increased frequency of fatigue in persons with mild 
parkinsonian signs in our sample, calling for additional information to successfully use fatigue as premotor marker. 
Indirect measures to alleviate fatigue, such as treating possible predictors, e.g. depression, may help persons 
suffering from fatigue. 

1643 
Characterizing olfactory impairment in patients with Parkinson’s disease and related disorders 
Y. Watanabe, K. Suzuki (Mibu, Shimotsuga, Tochigi, Japan) 
Objective: To characterize olfactory impairment in Parkinson’s disease (PD), multiple system atrophy (MSA) and 
progressive supranuclear palsy (PSP). 
Background: In the previous study, we found that patients with PD had severe olfactory impairment using an open 
essence (OE) compared to those with MSA or PSP and that a cut-off OE score of 4 had 60.2% sensitivity and 77.6% 
specificity for differentiating PD patients from MSA and PSP patients.. Also, a cut-off OE score of 6 was beneficial 
for differentiating PD patients from controls with 84.7% sensitivity and 85.4% specificity. 
Methods: A card-type odor identification test, Open Essence (OE, Wako, Japan), which consists of 12 different 
odorants familiar to Japanese subjects, was administered to 100 PD patients, 32 MSA patients, 18 PSP patients and 
111 control subjects. 
Results: The correct answer rates for the curry, Japanese orange and perfume odorants in patients with PD were 
lower than those with MSA and PSP and controls. and the PD patients had lower OE subscores (curry, Japanese 
orange and perfume) than the MSA, PSP patients and control subjects[KS1] . A cut-off OE subscore (curry, 
Japanese orange and perfume) of 1 was beneficial for differentiating PD patients from MSA patients with 69.0% 
sensitivity and 62.5% specificity, PSP patients with 69.0% sensitivity and 88.9% specificity and control subjects 
with 69.0% sensitivity and 80.2% specificity. PD patients also tended to respond “not detected” and ‘’unknown” 
choices compared with MSA or PSP patients. 
Conclusions: PD patients had severe olfactory impairments compared to  MSA and PSP patients and controls 
subjects. The answer patterns and the combined use of specific odorants may also be useful in differentiating PD 
from atypical parkinsonian syndrome. 

1644 
Cognitive and psychiatric course in the initial lustrum of Parkinson disease: the glass is half full 
D. Weintraub, C. Caspell-Garcia, H. Cho, T. Simuni, A. Siderowf, C. Coffey, D. Aarsland, R. Alcalay, L. Chahine, J. 
Eberling, A. Espay, J. Hamilton, J. Leverenz, I. Litvan, I. Richard, L. Rosenthal, M. York (Philadelphia, PA, USA) 
Objective: To describe the cognitive-psychiatric course in the first 5 years of diagnosed Parkinson disease (PD). 
Background: Although common, little is known about the differential progression and co-morbidity of non-motor 
symptoms in PD, or introduction of psychiatric medications. 
Methods: Using prospectively-collected data in the context of the Parkinson's Progression Markers Initiative 
(PPMI) study annual visits, we evaluated prevalence, correlates, and treatment of depression, anxiety, REM sleep 
behavior disorder [RBD] symptoms, impulse control disorders [ICDs], psychosis, apathy, excessive daytime 
sleepiness and cognitive impairment. 
Results: Of 423 PD participants evaluated at baseline, 316 were available for analyses at year 5. Depression, anxiety 
and rapid eye movement sleep behavior disorder (RBD) symptoms were common at disease onset (14%, 25% and 
26%), changing little at 5 years to 20%, 21% and 38%. Psychosis and apathy were uncommon at baseline (3% for 
each) but quadrupled over five years (to 13% and 12%), and fatigue tripled (from 11% to 32%). ICD symptoms 
remained relatively unchanged (21% to 27%). At year 5 all psychiatric symptoms, except ICDs and daytime 
sleepiness, were at least 4-fold more common in PD compared with healthy controls, and 56% of PD patients 
screened positive for 3 or more psychiatric-cognitive disorders at the year 5 visit. Rates of mild cognitive 
impairment (MCI) or dementia per site investigator diagnosis increased from 9% to 20% over time, but only 3.6% 
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had dementia at year 5. Antidepressant and anxiolytic/hypnotic use was common at baseline and increased over time 
(18% to 27% for the former; 13% to 24% for the latter); antipsychotic and cognitive-enhancing medication use was 
uncommon throughout (2% and 5% of patients at year 5). 
Conclusions: There is high prevalence of nearly all psychiatric symptoms in early PD. Variability in baseline 
prevalence and temporal evolution might represent differential impact of distribution and spread of disease 
pathology, treatment effects, and psychological factors. Significant cognitive impairment (i.e., dementia) is not 
common in early disease. Regarding treatment, antidepressant and anxiolytic/sleep medication use are common in 
early PD, while antipsychotic and cognitive-enhancing medication use are not. 

1645 
Non-motor symptoms burden grading in Parkinson disease with the Movement Disorders Society – Non-
Motor Rating Scale (MDS-NMS) 
D. Weintraub, C. Rodriguez-Blazquez, A. Schrag, A. Rizos, K.R. Chaudhuri, P. Martinez-Martin (Philadelphia, PA, 
USA) 
Objective: To identify cut-off points on the Movement Disorders Society – Non Motor Rating Scale (MDS-NMS) 
for non-motor symptoms (NMS) burden grading. 
Background: NMS burden increases as Parkinson disease (PD) progresses. A grading system for NMS burden 
using the recently developed MDS-NMS would allow for a complete and comprehensive PD patient classification 
when combined with the classical staging system based on motor manifestations. 
Methods: Data came from the multicenter, cross-sectional MDS-NMS validation study. PD patients from 
movement disorders clinics in United States and United Kingdom were assessed with the Hoehn & Yahr (HY) 
staging, the original Non-Motor Symptoms Scale (NMSS) and the new MDS-NMS. MDS-NMS mean total scores 
by HY stages and NMSS burden levels were calculated. Cut-off values for the MDS-NMS total score was 
determined using receiver operating characteristic (ROC) curve analysis, with NMSS burden levels as reference. 
Results: The sample was composed by 402 PD patients, 62.2% men, that had mean age of 67.42 years old (standard 
deviation, SD: 9.96), mean PD duration of 8.2 years (SD: 5.93). HY stages distribution was: 51 (12.7%) patients in 
HY1; 219 (54.5%) in HY2; 111 (27.6%) in HY3 and 21 (5.2%) in HY4. Mean MDS-NMS total score increased with 
increasing HY stages (p<0.001). Using ROC curve, the following ranges of MDS-NMS burden levels were 
ascertained: mild, 1-44 points; moderate, 45-78; severe, 79-112; very severe, ≥113. The distribution of patients 
between the MDS-NMS burden levels were: mild, 141 (37.8%) patients; moderate, 90 (24.1%); severe, 51 (13.7%); 
and very severe, 90 (24.1%). 
Conclusions: Cut-off values for categorizing PD patients based on their NMS burden using the MDS-NMS are 
proposed. These burden levels can complement the existing PD patients staging systems based on motor symptoms. 

1646 
Impact of Pain on Stroke and Hypertension as Comorbidities in Parkinson’s Disease  
IMPACT OF PAIN ON STROKE AND HYPERTENSION AS COMORBIDITIES IN PARKINSON’S  
V. Wijaya, R. Pinzon, A. Al Jody (Yogyakarta, Indonesia) 
Objective: This study aimed to report the prevalence and type of pain in patients with PD, and to determine the 
relationship between each type of pain and comorbidities (stroke and hypertension). 
Background: Pain is one of the most common non-motor symptom of Parkinson’s Disease (PD) and related to 
disability, while the presence of comorbidity can deteriorate patients quality of life. The relationship between pain 
and comorbidity in PD has not been clearly explored. Understanding pain and patient comorbidity especially stroke 
and hypertension is crucial in the management of PD. 
Methods: An observational study with cross sectional study design was conducted on 31 PD patients were recruited 
for this study. Data obtained from questionnaire filled by patients and hospital data registry at Bethesda Hospital, 
Yogyakarta. Pain was assessed using King's Parkinson's Disease Pain Scale (KPPS) questionnaire. Data were 
analyzed descriptively and chi-square test for the pain correlation. 
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Results: Results showed that most subjects were >70 years old (45.1%).  Pain was present in over 22 patients 
(70.96%) consisted of 13 male (59.1%) and 9 female (40.9%). 20 subjects (64.5%) were in stage III Hoehn and Yahr 
as the most common severity level of disease. Stroke (74.2%) was more common than hypertension (38.7%) in PD 
patient. Musculoskeletal pain (45.2%) was the most common type of pain in PD patients and significantly correlate 
with stroke (45.2%, p<0.05), and orofacial pain (0%) as the least common type of pain. Chronic pain was also 
correlated with hypertension (16.1%, p<0.05) 
Conclusions: Pain is a frequent complaint in PD. Furthermore, some types of pain were correlated with stroke as 
well as hypertension as comorbidities in PD. 

1647 
Investigation of back pain in patients with Parkinson’s Disease 
O. Yaremchuk, I. Yaremchuk (Chernivtsi, Ukraine) 
Objective: The aim of this study was to investigate prevalence and influence of different methods of treatment of 
back pain in patients with Parkinson’s disease (PD) in the Chernivtsi region of Ukraine. 
Background: Pain is one of frequently observed non-motor symptoms in patients with PD. Chronic pain occurs in 
30% to 85% of patients with PD, particularly in women, and is one of the strongest predictors of poor quality of life. 
Methods: We used clinical, epidemiological and statistical methods of research. These were examined 84 patients 
with PD who were treated in Department of Nervous Diseases, Chernivtsi Regional Psychiatric Hospital. They were 
clinical examination and interviewed by using specially designed questionnaires. The visual analog scale was used 
for pain severity. 
Results: The middle patients' age was 58.3±13.5, the average duration of disorder was 5.6±3,1 years. Back pain was 
reported by 46 (54.8%) patients. Among the patients the most frequent pain (38.5%) was lower back pain, 30.5% of 
respondents had neck pain, 17.6% - middle back pain, combined pain - 13.4%. Among women the prevalence of 
back pain was higher than among men - 56.6% and 43.4% respectively. Duration since onset of motor symptoms 
and stage of Parkinson’s disease did not significantly correlate with the presence of pain. The most frequent type of 
pain was musculoskeletal pain – 52%. In the visual analog score, 56.5% of patients had a score between 5 and 8 
indicating moderate severity. Patients with hypokinetic Parkinson’s - slow or reduced movement - experienced 
higher intensities of lumbar and radicular pain than those with tremor. 23.9% patients was enough dose adjustments 
of antiparkinsonian drugs for pain relief, 76,1% patients needed additional analgesics. 
Conclusions: The back pain is a common, but often under-reported, symptom in PD that adversely affects health-
related quality of life. There are many different forms of pain associated with PD. Recognition of the particular pain 
disorder may lead to selection of the most appropriate treatment strategy. 
References: A. D. Ha, J. Jankovic. Pain in Parkinson’s Disease. Movement Disorders, Vol. 27, No. 4, 2012. 485-
491. 

1648 
Deep Brain Stimulation of the Subthalamic Nucleus and Globus Pallidus for apathy in PD patients 
X. Zhang, A. Xie (Qingdao, China) 
Objective: The present meta-analysis was therefore performed to clarify the effects of STN DBS and GPi DBS on 
apathy. 
Background: Deep brain stimulation (DBS) of either the subthalamic nucleus (STN) or the globus pallidus interna 
(GPi) can reduce motor symptoms in patients with Parkinson’s disease (PD) and improve their quality of life. 
However, the effects of STN DBS and GPi DBS on apathy remain controversial. The apathy can be described by the 
presence of following symptoms: diminished interest in everyday activities; diminished social activities; diminished 
initiative with executive dysfunction; blunting of emotional responses; diminished responses to positive or negative 
emotional stimuli. 
Methods: We searched the PubMed, ScienceDirect, and Embase databases published between 1990 and 2018. The 
articles included were those contained both pre- and postsurgery apathy data acquired using the Starkstein Apathy 
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Scale、Apathy Evaluation Scale 、Lille Apathy Scale and the ‘Apathy’ item of MDS-UPDRS with patient follow 
up of at least three months. 
Results: A total of 25 out of 102 articles were incorporated into the present meta-analysis. Standardized mean 
difference (SMD), that is, Cohen’s d, with a 95% confidence interval (CI) was calculated to show the change. We 
found a significant difference between the presurgery stage and the postsurgery stage scores (SMD = 0.27, 95% CI: 
0.15∼0.39, P = 0.000). Further subgroup analysis showed that bilateral STN-DBS seemed to worsen the PD 
patients’ apathetic condition(SMD = 0.29, 95% CI: 0.17∼0.42, P =0.000), while bilateral GPi-DBS had no adverse 
effects on apathy in PD patients(SMD = 0.02, 95% CI: -0.38∼0.43, P =0.905). Begg’s test was used to assess 
publication bias, and the funnel plot was approximately symmetric, indicating that there was no publication bias. 
Conclusions: STN-DBS and GPi-DBS seem to relatively worsen the condition of apathy, while bilateral GPi-DBS 
may be safe for PD patients. Further studies should focus on the exact mechanisms of possible postoperative apathy 
in the future. 
References: [1] F. Maier, C.J. Lewis, N. Horstkoetter, C. Eggers, T.A. Dembek, V. Visser-Vandewalle, J. Kuhn, M. 
Zurowski, E. Moro, C. Woopen, and L. Timmermann, Subjective perceived outcome of subthalamic deep brain 
stimulation in Parkinson's disease one year after surgery. Parkinsonism & related disorders 24 (2016) 41-7. [2] H.S. 
Dafsari, K. Ray-Chaudhuri, P. Mahlstedt, L. Sachse, J.K. Steffen, J.N. Petry-Schmelzer, T.A. Dembek, P. Reker, 
M.T. Barbe, V. Visser-Vandewalle, G.R. Fink, and L. Timmermann, Beneficial effects of bilateral subthalamic 
stimulation on alexithymia in Parkinson's disease. Eur J Neurol 26 (2019) 222-e17. 
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1649 
Association of alexithymia and Parkinson's Disease (PD) in Mexican population 
L. Zuazua, M. Rodriguez, A. Cervantes, A. Balderas, R. Cruz, A. Alcocer, A. Perez, O. Esquivel, L. Navarro (Mexico 
city, Mexico) 
Objective: To identify the frequency of alexithymia in a Mexican sample of persons with Parkinson's disease 
Background: Alexithymia is related to a cognitive-affective alteration, characterized by the inability to describe 
their feelings, difficulty express them and a cognitive style oriented to the outside. The prevalence of alexithymia in 
PD varies from 18 to 23.8%, in patients with medication and patients with newly diagnosed PD (twice as much as in 
people without Parkinson's Disease). 
Methods: A case-control study was carried out. Persons with PD were recruited from the outpatient Movement 
Disorders Clinic. Controls were recruited from healthy and unrelated persons in the waiting room. The presence of 
alexithymia was assessed using the twenty-Item Toronto Alexithymia scale (TAS-20). The TAS-20 is comprised by 
three dimensions: difficulty to identify emotions, to describe it and externally oriented thinking. Also, the TAS-20 
allows to categorize subjects in three groups: without alexithymia, borderline and with alexithymia. Comparison 
between groups was carried out using Student T test for continuous variables and chi-square test for categorical 
variables. In addition, Odds Ratios were calculated. 
Results: A total of 101 healthy individuals and 101 persons with Parkinson's disease were included. The mean age 
was 60.8 years ± 11.9 years. The mean total score of the TAS-20 was 53.6 ± 14 in the control group versus 63 ± 17 
in the PD group (p <0.001). In addition, statistical differences were found in the three individual domains (Table 1). 
When categorizing, 89 individuals had alexithymia, of which 65.2% corresponded to the group with PD and 38.4% 
to the control group. Of the 30 individuals classified as “borderline”, 43.3% had PD. On the other hand, 83 people 
were classified as "without alexithymia", 63.9% of which belonged to the control group.  PD conferred an OR for 
alexithyimia of 3.04 (95% CI 1.7 -5.4, p< 0.001). Age- and sex-adjusted OR was 2.8 (CI 95% 1.569-5.118). 
Conclusions: In our patients with PD, a higher prevalence of alexithymia was found compared to international 
reports. A three-fold increase in risk for alexithymia was found in persons with PD (Table 2). 
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References: References: 1. Assogna, F., Cravello, L., Orfei, M. D., Cellupica, N., Caltagirone, C., & Spalletta, G. 
(2016). Alexithymia in Parkinson’s disease: A systematic review of the literature. Parkinsonism and Related 
Disorders, 28(2016), 1–11. 2. ACCosta, A., Peppe, A., Carlesimo, G. a., Salamone, G., & Caltagirone, C. (2010). 
Prevalence and charac-teristics of alexithymia in Parkinson’s disease. Psychosomatics, 51(1), 22–28. 3. Goerlich-
Dobre, K. S., Probst, C., Winter, L., Witt, K., Deuschl, G., Möller, B., & Van 

 

1650 
Association between alteration in social cognition and impulse control disorder in Parkinson's disease 
L. Zuazua-Vidal, M. Rodríguez-Violante, R. Solís-Vivanco, A. Pérez-González, A. Alcocer-Salas, A. Cervantes-
Arriaga (MEXICO CITY, Mexico) 
Objective: To explore and compare social cognition between patients with Parkinson's disease (PD) and healthy 
participants. Secondarily, to explore whether social cognition is related to the development of impulse control 
disorder (ICD) in PD. 
Background: There are recognized risk factors for ICD in PD, such as high doses of dopamine agonists, early or 
juvenile onset of illness, masculine gender, impulsive personality, and personal or family history of addictive 
behavior. Bad decision making in patients with PD, and particularly with concomitant ICD, have been associated 
with an alteration in the regulation of the reward system; however, whether judgment or social cognition could be 
affected, due to such hyperdopaminergic state, remains unexplored. Judgment or social cognition refers to the set of 
thought processes which are activated during social interaction and may be affected in people who make bad 
decisions. 
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Methods: This is a study of cases and controls, transversal and comparative. Ten patients diagnosed with PD were 
included, according to the clinical criteria of the Movement Disorder Society, who attended the National Institute of 
Neurology and Neurosurgery (Mexico City) outpatient clinic. Ten subjects without PD who met previously 
established selection criteria were invited to participate as a control group. We applied the QUIP-RS, MoCA, Beck 
Inventory for depression and anxiety, MDSUPDRS (part III) and COGSOC (subscale for social cognition). 
Results: 50% of the patients with PD reached criteria for ICD, while no cases were detected in the control group 
(Table 1). The PD group showed lower scores in the COGSOC compared to the control group. This was especially 
the case for the Identification of Absurdities subscale (Table 2). 
Conclusions: Patients with PD show a tendency for reduced social cognition and this alteration was found more 
prominently in those patients with ICD. ICD and social cognition impairment should be considered for treatment 
planning by the clinician. 
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1651 
An external relative to an internal focus of attention enhances motor learning in children with poor motor 
imagery ability 
R. Abdollahipour, M. Bahmani, M. Babak, W. Land (Olomouc, Czech Republic) 
Objective: The purpose of the current study was to examine the effects of an external relative to an internal focus of 
attention on motor skill acquisition and learning of a motor task in children with poor motor imagery ability. 
Background: Research has shown that children with severe developmental coordination disorders and poor motor 
performance also have generalized motor imagery deficits, suggesting the linkage between poor motor imagery 
ability and poor motor performance (Williams, Thomas, Maruff, & Wilson, 2008). Research has also shown that an 
external relative to an internal focus of attention is more beneficial for optimizing movement effectiveness and 
efficiency in healthy individuals, as well as specific populations such as individuals with Parkinson disease and 
children with intellectual disability, including attention disorder hyper activity (Wulf, 2013). 
Methods: Motor imagery ability was determined by the movement imagery questionnaire – children (MIQ-C). One-
hundred and ninety-one individuals (M = 10.13., SD: .65 years) completed the MIQ-C. From this initial pool, only 
twenty-four children with 1 SD below the average motor imagery scores were recruited for inclusion in the study. 
Children with poor imagery scores were pseudo-randomly assigned to either an internal or external focus groups. 
The participants in each group were asked to perform 60 trials of an overhand throwing task with their non-
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dominant hand while instructed to focus either focusing on their throwing arm (i.e., internal focus) or on the ball 
(i.e., external focus) on day 1. A retention test without providing any attentional focus instructions was conducted on 
day 2. 
Results: The results from the manipulation check revealed high adherence to the respective attentional focus 
instructions for each group. There was no significant difference between groups in pre-test. However, the external 
focus group was significantly more accurate in their tosses than the internal focus group in both practice (p = .008) 
and retention (p = .017). 
Conclusions: These findings suggest that an external, relative to internal focus instructions, facilitates motor 
performance and learning in children with poor motor imagery ability. As such, imagery ability does not moderate 
the benefit of an external focus (Wulf, & Lewthwaite, 2016). 
References: Williams, J., Thomas, P. R., Maruff, P., & Wilson, P. H. (2008). The link between motor impairment 
level and motor imagery ability in children with developmental coordination disorder. Human Movement Science, 
27, 270-285. Wulf, G. (2013). Attentional focus and motor learning: A review of 15 years. International Review of 
Sport and Exercise Psychology, 6, 77-104. Wulf, G., & Lewthwaite, R. (2016). Optimizing Performance through 
Intrinsic Motivation and Attention for Learning: The OPTIMAL theory of motor learning. Psychonomic Bulletin & 
Review, 23, 1382-1414. Funding: This study was financially supported by Czech Science Foundation under grant 
GAČR 18-16130S. 

1652 
Cognitive impairment profile of patients with Essential Tremor and Parkinson’s Disease 
A. Abundes-Corona, A. Cervantes-Arriaga, R. Zerón-Martínez, R. Solís-Vivanco, O. Cárdenas-Saenz, M. Rodríguez-
Violante (Mexico City, Mexico) 
Objective: To identify if the Montreal Cognitive Assessment (MoCA) is a sensible tool to differentiate cognitive 
impairment profiles between patients with Essential Tremor (ET) and Parkinson’s disease (PD). 
Background: Cognitive decline has been widely recognized in patients with Parkinson’s disease and is subject of 
recent interest in Essential Tremor.  
The very distinct pathophysiology of both conditions imply different mechanisms of cognitive impairment and this 
is frequently recognized in the clinical practice. 
Essential Tremor, long thought to be a mono-symptomatic disease, is now recognized as a heterogeneous condition 
that affects multiple cerebral functions such as mood and cognition which remain highly underdiagnosed.  
Domains particularly affected in ET are those that rely on the integrity of the prefrontal cortex, which suggests 
involvement of frontocerebellar circuits in this disease. On the other hand PD patients are described as impaired in 
the attention/executive functions, memory, and visuospatial skills. 
Methods: 124 patients, 44 with ET and 80 with PD (mean age 62.8±13 65% female) were recruited form our 
previous cohort. MoCA Spanish version (MoCA SP) was used to screen for cognitive impairment (mean score 22.1 
+/- 4.6). Years of education were taken into account to adjust for the recognition of cognitive impairment (mean 
10.6 years ±5.2.) 
Cognition subdomains were categorized as follows: visuospatial/executive, attention, language, abstraction, delayed 
recall and orientation. 
Each domain was analyzed individually and then compared between groups. 
Results: As expected, there was a high proportion of patients with any degree of cognitive impairment (MoCA-SP 
≤25): 75% of the PD patients and 81.1% of the ET patients had a positive screening test for cognitive decline (p= 
.385). 
Both groups had subpar scores in the visuospatial/executive (p= .267), attention (p= .702) and delayed recall (p= 
.593) subdomains, without statistically significant differences among them. The abstraction subdomain, though 
impaired in both groups, was more affected in ET patients (p. <.0001). 
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Conclusions: Though we confirmed a high prevalence of cognitive decline in patients with PD and ET, no 
significant differences were relevant in this initial screening study. The limitations of MoCA-SP mandate further, 
more profound neuropsychological testing to better categorize the cognitive profiles of both groups. 
References: 1. Azar, M., Bertrand, E., Louis, E. D., Huey, E., Collins, K., Rohl, B., & Cosentino, S. (2017). 
Awareness of cognitive impairment in individuals with essential tremor. Journal of the Neurological Sciences, 377, 
155-160. Retrieved February 28, 2019, from 10.1016/j.jns.2017.04.009 2. Bain, P. (2005). The Clinical Assessment 
of Essential Tremor, 93-115. Retrieved February 28, 2019, from 10.1201/b14115-9. 3. Bermejo-Pareja, F. (2011). 
Essential tremor—a neurodegenerative disorder associated with cognitive defects?. Nat Rev Neurol, 7(5), 273-282. 
Retrieved February 28, 2019, from 10.1038/nrneurol.2011.44 4. Duane, D. D., Vermilion, K. J., Lombardi, W., 
Woolston, D., Roberts, J., & Gross, R. (2002). Cognitive deficits in patients with essential tremor. Neurology, 
58(11), 1706-1707. Retrieved February 28, 2019, from 10.1212/wnl.58.11.1706 5. Dwolatzky, T. (2011). Cognitive 
Impairment and Dementia in Parkinson Disease. JAMA, 305(21), 2231. Retrieved February 28, 2019, from 
10.1001/jama.2011.732 6. Goldman, J. G., Vernaleo, B. A., Camicioli, R., Dahodwala, N., Dobkin, R. D., Ellis, T., 
Galvin, J. E., Marras, C., Edwards, J., & Fields, J. (2018). Cognitive impairment in Parkinson’s disease: a report 
from a multidisciplinary symposium on unmet needs and future directions to maintain cognitive health. npj 
Parkinson’s Disease, 4(1). Retrieved February 28, 2019, from 10.1038/s41531-018-0055-3 7. Jellinger, K. A. 
(2013). Mild cognitive impairment in Parkinson disease: heterogenous mechanisms. J Neural Transm, 120(1), 157-
167. Retrieved February 28, 2019, from 10.1007/s00702-012-0771-5 8. Schnitzler, A., & Wojtecki, L. (2011). 
Faculty of 1000 evaluation for Altered cortical-cerebellar circuits during verbal working memory in essential tremor. 
Retrieved February 28, 2019, from 10.3410/f.13221956.14568054 

 

1653 
The Effects of Time-Varying Caloric Vestibular Stimulation Therapy on Cognition Impairment in 
Parkinson’s Disease 
K. Ade, A. Podlewska, S. Banducci, T. Pellat-Higgins, M. Bodani, M. Sakel, L. Smith, D. Attix, P. LeWitt, D. 
Wilkinson (Raleigh, NC, USA) 
Objective: To evaluate the potential efficacy of a software-controlled, solid-state, time-varying caloric vestibular 
stimulation (tvCVS) device for the treatment of cognitive impairment in Parkinson’s disease (PD). 
Background: CVS works by transferring heat to and from the petrous bone which modulates the firing rate of the 
vestibular nerves, and in turn elicits compensatory responses across cortical and sub-cortical structures. Results from 
a recent randomized double-blind, placebo-controlled study demonstrated that 8 weeks of daily tvCVS treatments 
using a tvCVS device was associated with robust reductions in both non-motor and motor symptom burden in PD. 
These effects persisted for several weeks past treatment cessation and were obtained with excellent treatment 
blinding and high treatment adherence/participant satisfaction. Here we further explore the therapeutic efficacy of 
the device for cognitive impairment. 
Methods: Eligible and consenting participants taking stable anti-Parkinsonian medications were randomly allocated 
1:1 to a placebo or active arm. After a 4-week baseline period, they self-administered ~19 minutes of active or 
placebo treatment twice daily in the home for 8 weeks. Outcome measures were administered every 4 weeks from 
the start of baseline to the end of the treatment period and also 5 weeks and 24 weeks after treatment cessation. Only 
subjects with signs of cognitive dysfunction, as evidenced by scores ≤ 25 on the Montreal Cognitive Assessment 
(MoCA), were included in this post-hoc exploratory analysis. 
Results: Active-arm subjects (n = 11) exhibited significantly greater improvements in MoCA total scores relative to 
placebo-arm subjects (n = 15) both at treatment end and five weeks after treatment cessation [figure 1]. Therapeutic 
gains were driven largely by improvements in delayed recall memory. Gains in the performance-based MoCA were 
also accompanied by improvements in patient-reported measures of cognition. 
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Conclusions: Daily use of the tvCVS device may provide a feasible and effective adjunct therapy for the 
management of cognitive impairment associated with PD. Hypothesized mechanisms of action center on improved 
neurovascular coupling and down-stream sequela and are currently being explored. Evidence for improved memory 
with tvCVS device treatments suggests potential efficacy across additional neurological disorders. This potential 
will be explored in future research. 

 

1654 
Social cognition in Parkinson’s disease 
L. Alonso-Recio, C. Merino, P. Martín, J.M. Serrrano (Collado Villalba (Madrid), Spain) 
Objective: The aim of the present study was to assess social cognition skills in non-demented Parkinson’s disease 
(PD) patients. 
Background: Social cognition is a multidimensional construct defined by a set of cognitive and emotional abilities 
applied in social interactions, including theory of mind, affective empathy, emotional perception and social 
behavior. Along with motor impairments, it seems that PD patients presented deficits in some social cognitive skills 
that could be related to social isolation. However, these findings are still debated and global assessment of social 
cognitive abilities in PD has not been carried out yet. 
Methods: We compared 30 PD patients and 30 healthy controls performance in a set of social cognition tests 
assessing theory of mind (Reading the mind in the eyes Test) , affective empathy (Empathy Quotient), emotional 
perception (Emotional facial expression categorization task) and social behavior (Disejecutive questionnaire). We 
also assess general cognitive performance (MOCA test) and depression (Geriatric Depression Scale). 
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Results: In comparison to healthy controls, PD patients showed worse theory of mind test scores, impaired 
emotional perception and social behavior, but not a reduced affective empathy. Deficits were not related to general 
cognitive performance. However, in PD group, we observed a positive correlation between social cognitive abilities 
and depression scores. 
Conclusions: These results indicate that social cognition impairments alongside to depression are relevant problems 
in PD, which may contribute to social isolation observed in these patients. 

1655 
Executive functions correlate with DaT-SPECT laterality in Parkinson's disease 
T. Alvarez-Avellon, E. Suarez-San Martin, C. Garcia-Fernandez, J. Alvarez-Carriles, R. Ribacoba, F. Cuetos, M. 
Menendez-Gonzalez (Oviedo, Spain) 
Objective: The aim of this study is to assess whether the impairment of executive functions is associated with the 
laterality of the affected nigro-striatal pathway according to DaT-SPECT. 
Background: Parkinson’s disease (PD) is caused by a progressive loss of dopaminergic neurons in the nigrostriatal 
circuit. The striatum is interconnected by fronto-subcortical circuits with the dorsolateral prefrontal cortex, which is 
involved in the control of executive functions. It has been reported that early-PD patients exhibit weaker 
consolidation in a visuomotor procedural task compared to age-matched healthy subjects and that their speed when 
performing a task is strongly correlated with the right caudate nucleus 123I-ioflupane uptake (1). 
Methods: We selected 28 patients diagnosed with PD without dementia and assessed the representation of failures 
in different subtests of executive function in the three groups of laterality on DaT-SPECT: left-sided, right-sided and 
symmetrical. 
Results: The group of patients with pathologic DaT-SPECT on the left side only had a lower number of fails in 
executive tests based on visuospatial tasks while the group of patients with pathologic DaT-SPECT on the right side 
only had a lower number of fails in executive tests based on verbal tasks. 
Conclusions: Executive functions correlate with the laterality of nigroestriatal denervation in Parkinson's disease. 
DaT-SPECT opens new perspectives for studying in vivo dopaminergic pathways and their association with 
executive functions in degenerative parkinsonisms. 
References: 1. Nicastro N, Manuel AL, Garibotto V, Burkhard PR, Schnider A. Consolidation of a Learned Skill 
Correlates with Dopamine SPECT Uptake in Early Parkinson's Disease. J Clin Neurol. 2018;14(4):505-512. 

1656 
Relationship between cognitive performance and mobility in Parkinson’s disease 
A. Amara, K. Wood, A. Joop, R. Memon, J. Pilkington, M. Bamman, C. Hurt (Birmingham, AL, USA) 
Objective: Investigate relationship between cognitive performance and mobility in persons with Parkinson’s disease 
(PD). 
Background: Persons with PD experience both motor and non-motor symptoms. Two of the most disabling of these 
symptoms are balance dysfunction and cognitive impairment[1]. Prior research suggests that PD patients with 
cognitive impairment may be at higher risk for balance disfunction as well[2]. 
Methods: This is a cross-sectional analysis of sixty PD participants evaluated with a comprehensive gait and 
balance assessment and a Level II comprehensive neurocognitive battery as defined by the MDS Task Force on PD-
mild cognitive impairment[3]. Gait and balance assessments included the Mini-BESTest (balance), maximum 
walking speed (gait), and timed up and go (TUG) (mobility).  Scores for individual cognitive tests were used to 
calculate a normalized (z-) score based on normative values. Individual test z-scores were averaged within each 
cognitive domain to obtain a domain score, and domain scores were averaged to determine the Composite Cognitive 
Score (global cognition). Correlations between cognitive performance and balance were evaluated with Pearson 
correlation coefficients. To account for multiple comparisons, significance was considered as p<0.01. 
Results: There were significant (p<0.001) correlations between global cognitive performance and balance (mini-
BESTest), gait (maximum walking speed), and mobility (TUG). At the level of cognitive domains, executive 
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function and processing speed were correlated with gait, balance, and mobility; language was correlated with 
balance and mobility; and attention/working memory was correlated with mobility and gait. Visuospatial function 
and memory domains were not significantly correlated with balance, gait, or mobility. 
Conclusions: Cognitive performance, particularly in domains of executive function and processing speed, may 
serve as a marker of risk for gait and balance dysfunction. Identification of cognitive dysfunction should prompt 
consideration of rehabilitation interventions for gait and balance. 
References: 1. Leroi I, McDonald K, Pantula H, Harbishettar V: Cognitive impairment in Parkinson disease: impact 
on quality of life, disability, and caregiver burden. J Geriatr Psychiatry Neurol 2012, 25(4):208-214. 2. Pal G, 
O'Keefe J, Robertson-Dick E, Bernard B, Anderson S, Hall D: Global cognitive function and processing speed are 
associated with gait and balance dysfunction in Parkinson's disease. J Neuroeng Rehabil 2016, 13(1):94. 3. Litvan I, 
Goldman JG, Troster AI, Schmand BA, Weintraub D, Petersen RC, Mollenhauer B, Adler CH, Marder K, Williams-
Gray CH et al: Diagnostic criteria for mild cognitive impairment in Parkinson's disease: Movement Disorder Society 
Task Force guidelines. Mov Disord 2012, 27(3):349-356. 

 

1657 
Gait patterns may distinguish Parkinsonian patients with and without mild cognitive impairment: a data 
mining approach 
M. Amboni, C. Ricciardi, C. De Santis, G. Ricciardelli, S. Cuoco, G. Improta, L. Iuppariello, G. Santangelo, M. 
Cesarelli, P. Barone (Baronissi (Salerno), Italy) 
Objective: To differentiate patients with Parkinson’s disease (PD) with and without mild cognitive impairment 
(MCI) using quantitative gait variables through a data mining approach 
Background: Cognition and gait in Parkinson’s disease (PD) appear to be closely related in a complex fashion. 
Previous studies (1) have shown that dysfunctions in specific gait parameters are associated with cognitive decline 
in PD. Originally conceptualized as the transitional state between normal aging and Alzheimer’s disease, the 
construct of MCI has been recently used in PD, as PD-MCI, to identify a picture of cognitive decline without 
impaired functional activity (2) 
Methods: We consecutively evaluated cognition and gait in 27 patients with PD. Cognitive performance was 
evaluated with a neuropsychological battery assessing memory, executive/attention, and visuospatial domains. Gait 
was investigated using a gait analysis system in the following conditions: 1) normal gait; 2) motor dual task; and 3) 
cognitive dual task. Smote technique (3) and Random Forests were implemented in order to make the number of 
records rise and to predict the presence of MCI 
Results: Twenty-two gait features were included in the analysis after a selection through the computation of a 
matrix and the choice of a threshold as regards correlation. After splitting dataset into training and test sets, 
evaluation metrics were computed. Accuracy, specificity, sensitivity, recall and precision in predicting MCI resulted 
all over 90% 
Conclusions: The present pilot study shows that a data mining approach using gait analysis variables exhibits high 
accuracy, specificity and sensitivity in predicting the presence of MCI in PD, thus suggesting specific connections 
between gait and cognition in PD. In addition, our results prompt that a data mining approach on gait parameters 
may represent a reliable surrogate biomarker of cognitive impairment in PD 
References: 1. Amboni M et al. Gait patterns in Parkinsonian patients with or without mild cognitive impairment. 
Mov Disord. 2012 Oct;27(12):1536-43. 2. LItvan I et al. Diagnostic criteria for mild cognitive impairment in 
Parkinson's disease: Movement Disorder Society Task Force guidelines. Mov Disord. 2012 Mar;27(3):349-56 3. 
Chawla N. et al. (2002). SMOTE: Synthetic Minority Over-sampling Technique. JAIR. 2002;16: 321-357. 
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1658 
Neural correlates of Level-1 and Level-2 diagnostic criteria for Mild Cognitive Impairment in Parkinson´s 
disease. 
I. Aracil-Bolaños, F. Sampedro, J. Marín-Lahoz, A. Horta-Barba, S. Martínez-Horta, J.M. González-de-Echávarri, 
J. Pérez-Pérez, H. Bejr-Kasem, B. Pascual-Sedano, M.A. Boti, A. Campolongo, C. Izquierdo, A. Gironell, B. Gómez-
Ansón, J. Pagonabarraga, J. Kulisevksy (Barcelona, Spain) 
Objective: To profile the neural correlates of neuropsychological assessment according to the Movement Disorders 
Society Task Force Criteria in its Level-1 and Level-2 recommendations 
Background: Mild cognitive impairment in Parkinson’s disease (PD-MCI) is associated with consistent structural 
and functional brain changes. Whether different approaches for diagnosing PD-MCI are equivalent in their neural 
correlates is presently unknown. 
Methods: 53 consecutive non-demented PD patients were classified as PD-MCI according to: (a) comprehensive 
neuropsychological examination as operationalized by the MDS Task Force for PD-MCI (Level-2) and, (b) 
recommended global cognitive scales (Level-1; MoCA and PD-CRS).  Voxel-based morphometry, cortical thickness 
and graph theoretical measures were obtained on a 3-Tesla MRI scanner. 
Results: 18 patients (32%) were classified with PD-MCI with Level-II criteria, 19 (33%) with PD-CRS and 32 
(60%) with MoCA. Though regions of atrophy differed across classifications, a gray matter decrease in the 
precuneus was found using  both Level-II and PD-CRS classifications. Patients diagnosed with the PD-CRS also 
showed extensive changes in cortical thickness, concurring with MoCA in regions of the cingulate cortex, and again 
with Level-II regarding cortical thinning in the precuneus. Graph theoretical metrics showed decreases in weighted 
degree, clustering coefficient and graph densities in PD-MCI patients for both PDCRS and Level II, changes that 
were not apparent in MoCA classification. 
 
Conclusions: Findings support the need for refinement of PD-MCI diagnosis to incorporate neuroimaging methods. 
Clinical and neuroimaging commonalities between the PD-CRS and level II diagnosis suggest that they could 
provide a more a confident diagnosis of true PD-MCI positive cases with a practical impact for patient management 
and sample selection in cognitive trials. 
References: 1. Aarsland D, Kurz MW. The epidemiology of dementia associated with Parkinson disease. J Neurol 
Sci [Internet]. 2010;289(1–2):18–22. Available from: http://dx.doi.org/10.1016/j.jns.2009.08.034 2. Litvan I, 
Aarsland D, Adler CH, Goldman JG, Kulisevsky J, Mollenhauer B, et al. MDS task force on mild cognitive 
impairment in Parkinson’s disease: Critical review of PD-MCI. Mov Disord. 2011;26(10):1814–24. 
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1659 
Distinct neuronal correlates underpin impulsive action and impulsive choice in Tourette disorder 
C. Atkinson-Clement, A. De Liege, C. Porte, Y. Klein-Koerkamp, B. Beranger, A. Hartmann, Y. Worbe (Paris, 
France) 
Objective: (i) Evaluate cognitive impulsivity in Tourette disorder (TD), (ii) identify neuronal correlates of cognitive 
impulsivity. 
Background: TD is characterized by motor and vocal tics, but impulse control disorders are frequent co-morbidity 
with TD. Cognitive dimensions of impulsivity have been only partially addressed in this syndrome and previous 
studies on impulsivity in TD showed inconsistent results. 
Methods: 66 adults TD patients (37 with no medication [TD-Unmed]; 25 under medication [TD-Med]) and 33 
healthy volunteers (HV) were recruited and assessed for impulsive action on 4-choice task (4CSRTT) and for 
impulsive choice on delay discounting task (DDT). In 4CSRTT, participants should respond on a cue. Higher 
numbers of premature responding indicated the propensity to an impulsive action. In DDT, participants choose 
between smaller immediate or larger delayed rewards, from which discounting rates “k” were calculated. Higher “k” 
values indicated tendency to an impulsive choice. Data were analyzed using mixed binomial model. Structural 
voxel-based morphometry (VBM) analysis was performed on regions of interest: the anterior cingulate gyrus, the 
frontal cortex, the insular, the accumbens and the caudate nuclei, all the regions known to account for cognitive 
impulsivity. 
Results: Compared to HV, TD-Unmed showed a higher proportion of premature responses in the 4CSRTT. This 
propensity to impulsive action correlated with the severity of tics (measured by YGTSS/50) and with a higher signal 
intensity in the anterior cingulate gyrus and the accumbens nucleus. No difference was found between TD-Med and 
HV. In DDT, we found that TD-Med had a smaller proportion of delayed reward choices compared to HV, with no 
difference between TD-Unmed and HV. For all TD patients, the “k” values were correlated with a higher signal 
intensity in the accumbens nucleus and the insula. 
Conclusions: Our findings suggest that in TD, impulsive actions and choices are underpinned by separate (anterior 
cingulate gyrus for 4CSRTT and insula for DDT) but partially overlapped (accumbens nucleus) limbic neuronal 
networks. Moreover, taking into account the behavioral performance in medicated and unmedicated patients, 
antipsychotics may potentially improve impulsive actions but impair impulsive choices in TD patients. 

1660 
Applicability of short form of Montreal Cognitive Assessment to Brazilian Portuguese 
A. Ayres, M. Olchik, C. Rieder, L. Scudeiro, R. Millette, R. Rech (Porto Alegre, Brazil) 
Objective: The aim of this study was to compare the efficiency  of the short form of Montreal Cognitive 
Assessment (s-MoCa) which has been validated in English with the original MOCA in Brazilian Portuguese, as well 
as compare the scores of PD patients those of healthy control subjects. 
Background: Cognitive deficit is a highly prevalent non-motor symptom of Parkinson's disease (PD)  which has a 
significant impact on the quality of life. It is estimated that about 25% to 38.2% of individuals in early stages of the 
disease present cognitive deficits. However, rapid and easy-to-apply screening tests are being used in the outpatient 
setting in order to carry out an effective screening of the patients who need a complete evaluation. 
Methods: A cross-sectional, pilot study was carried out with 148 individuals, 27 of whom were recruited from a 
reference center specialized in Movement Disorders; these participants had been diagnosed with Parkinson's Disease 
and 121 healthy individuals independent of the community from Porto Alegre, Brazil. A descriptive analysis was 
performed through absolute and relative frequency measurements and calculation of the distribution of the variables 
by means of standard deviations and means. Additionally, the linearity assumptions of the data were tested through 
the Shapiro Wilks test and of equal variances through the Test of Levene. Once these assumptions were satisfied, 
Pearson's correlation was used to analyze the coefficients and comparisons between the groups. The level of 
statistical significance considered was 0.01. The statistical software used was SPSS, version 21. 
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Results: The mean age of the individuals analyzed was 63.2 dp ± 11.8 and schooling was 7.3 dp ± 4.3 years of 
study. The mean score on the Mini-Mental State Examination (MMSE) was 24.3 dp ± 4.6, the MoCA was 19.43 dp 
± 6.01 and the s-MoCa was 8.11 dp ± 4.1. The correlation between the tests is 0.942 (p <0.000), among individuals 
with Parkinson's disease is 0.922 (p <0.000) and among healthy subjects in the community is 0.944 (p <0.000), 
indicating very strong correlation in this analyses. 
Conclusions: The s-MoCa in Brazilian Portuguese presented strong correlations with the English version and results 
suggest detect cognitives deficits as well as the original version. More validity and reliability analyzes should be 
performed to confirm these findings. 

1661 
Cognitive Profile of Patients with Parkinson´s Disease and Subthalamic Nucleus Deep Brain Stimulation 
E. Barbosa, J. Santos, H. Fichman (Rio de Janeiro, Brazil) 
Objective: Compare the ON and OFF cognitive performance of patients with PD receiving Subthalamic nucleus 
Deep Brain Stimulation (STN-DBS) using a computerized neuropsycological battery called CompCog. 
Background: Subthalamic Nucleus Deep Brain Stimulation (STN-DBS) has become an alternative in the treatment 
of movement disorders [1], including Parkinson Disease. CompCog contains tests that evaluate reaction time, 
implied learning, visuospatial working memory, face recognition and memory, inhibitory control, selective attention 
and survey [2]. Due to not only presenting motor symptoms, it is necessary to assess the non-motor symptoms, in 
this case, the PD patients cognition. 
Methods: Descriptive analysis and t-test comparing ON and OFF results from CompCog subtests of 7 subjects with 
PD receiving STN-DBS evaluated by a neuropsychological battery (figure 1 to figure 7). 
Results: The sample consisted of 7 patients with a mean age of 61.43 (± 11.22) years and average schooling of 
12.29 (± 6.26) years. No significant statistical difference was found between correct responses, median reaction 
times and total times of most of the subtests analyzed, except for the total time of the Choice Reaction Time Test (t 
(6) = -3.255, p <0.05) and in the mean reaction time of the Face Recognition and Memory Test (t (6) = 6.259, p = 
0.001). 
Conclusions: Despite finding different means in the performance of patients in the evaluated functions, with 
stimulation ON and OFF, we can not speak of statistically significant differences. This is an important data to be 
discussed, since DBS is an intervention whose objective is motor improvement and not finding a negative effect on 
cognition becomes a good finding. These patients are part of a preliminary study, in which we seek to increase the 
sample. 
References: [1] Nasser, JA; Falavigna, A; Alaminos, A; Bonatelli, AP; Ferraz, F. (2002) Estimulação Cerebral 
Contínua (DBS) Subtalâmica para Controle do Tremor. Arquivos de Neuropsiquiatria, 60(2-B). [2] Charchat-
Fichman, H; Nitrini, R; Caramelli, P; Sameshima, K. (2008) A new Brief computerized cognitive screening battery 
(CompCogs) for early diagnosis of Alzheimer’s disease. Dementia & Neuropsychologia, 2(1), pp. 13-19. 
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1662 
Levodopa Effects on Visuospatial Working Memory in Parkinson’s Disease 
E. Bayram, I. Litvan, B. Wright, C. Grembowski, D. Harrington (La Jolla, CA, USA) 
Objective: To investigate the effects of levodopa on memory load and distractor resistance during visuospatial 
working memory (WM) in Parkinson’s disease (PD). 
Background: Visuospatial WM deficits are one of the earliest cognitive changes in PD.1 Relative to verbal 
WM,  individuals with PD have greater difficulty recalling features like the orientation, location or color of visual 
displays.2,3 Although few studies have examined the effects of levodopa on WM, the results are conflicting  with 
two studies reporting beneficial effects4,5 and one study finding no effects.6 Visuospatial WM capacity is also 
affected by the ability to ignore distraction, which has not been well studied in PD.7 The effect of levodopa on 
distraction resistance in PD is less understood, with only one study finding beneficial effects.8 Altogether, there is a 
need to better understand the levodopa effects on both memory load and distraction resistance. 
Methods: 25 healthy controls (HC) and 28 PD patients without mild cognitive impairment (level 1 diagnostic 
criteria9) were recruited. The order of testing patients on and off levodopa was counterbalanced. To control for 
practice, the HC also performed the task twice in different sessions; half of HC data from the first session and half 
from the second session were analyzed.  Figure 1 illustrates the paradigm. Memory array conditions were: 3 shapes 
no distractors, 3 shapes 3 distractors, and 5 shapes no distractors. The cue (rectangle or square) signaled which shape 
to attend to in the memory array. After the test array, individuals decided if the target was the same color and 
location as the shape in the memory array. Memory capacity (K) was analyzed (K= array size*(% hits - % false 
alarms). The effect of levodopa on K was tested separately for memory load (3 and 5 shapes without distraction) and 
distraction (3 shapes with and without distraction). 
Results: Demographics and cognitive scores were similar between groups (Table 1) 
Medication Effects: Levodopa status interacted with distraction and memory load, improving K for the distraction 
(F=4.9, p=0.035) and larger memory load (F=19.4, p<0.0002) conditions (Figure 2). 
PD versus HC: Relative to HC, K was lower for distraction and higher memory load conditions in PD off, but not 
PD on levodopa (Table 2). 
Conclusions: Levodopa restored visuospatial WM in PD, improving both memory capacity and resistance to 
distraction. 
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References: 1. Owen AM, Iddon JL, Hodges JR, Summers BA, Robbins TW. Spatial and non-spatial working 
memory at different stages of Parkinson’s disease. Neuropsychologia. 1997. doi:10.1016/S0028-3932(96)00101-7 2. 
Siegert RJ, Weatherall M, Taylor KD, Abernethy DA. A Meta-Analysis of Performance on Simple Span and More 
Complex Working Memory Tasks in Parkinson’s Disease. Neuropsychology. 2008. doi:10.1037/0894-
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precision is a more sensitive index than span. J Neuropsychol. 2015;9(2):319-329. doi:10.1111/jnp.12052 4. Beato 
R, Levy R, Pillon B, et al. Working memory in Parkinson’s disease patients: Clinical features and response to 
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E. Dissociable effects of dopaminergic therapy on spatial versus non-spatial working memory in Parkinson’s 
disease. Neuropsychologia. 2003;41(11):1442-1451. doi:10.1016/S0028-3932(03)00114-3 7. Lee EY, Cowan N, 
Vogel EK, Rolan T, Valle-Inclán F, Hackley SA. Visual working memory deficits in patients with Parkinson’s 
disease are due to both reduced storage capacity and impaired ability to filter out irrelevant information. Brain. 
2010. doi:10.1093/brain/awq197 8. Fallon SJ, Mattiesing RM, Muhammed K, Manohar S, Husain M. Fractionating 
the neurocognitive mechanisms underlying working memory: Independent effects of dopamine and Parkinson’s 
disease. Cereb Cortex. 2017. doi:10.1093/cercor/bhx242 9. Litvan I, Goldman JG, Tröster AI, et al. Diagnostic 
criteria for mild cognitive impairment in Parkinson’s disease: Movement Disorder Society Task Force guidelines. 
Mov Disord. 2012;27(3):349-356. doi:10.1002/mds.24893 10. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, 
Clarke CE. Systematic review of levodopa dose equivalency reporting in Parkinson’s disease. Mov Disord. 
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This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

1663 
Validation of a novel quotient differentiating cognitive and motor-driven activity of daily living impairments 
in PD patients 
S. Becker, C. Pauly, M. Lawton, G. Hipp, F. Bowring, P. Sulzer, M. Hu, R. Krüger, I. Liepelt-Scarfone (Tübingen, 
Germany) 
Objective: To validate novel scores assessing cognitive-driven activity of daily living (ADL) dysfunction in a large, 
international pooled non-demented Parkinson’s disease (PD) cohort. 
Background: The core feature for differentiating dementia in PD (PDD) from mild cognitive impairment (PD-MCI) 
is the loss of the ability to perform activities necessary for independent living. To justify a diagnosis of PDD, ADL 
disabilities should be primarily caused by cognitive, not motor problems. Previous work in a cohort of non-
demented PD patients differentiated cognitive-driven from motor-driven ADL impairments using a quotient derived 
from the Functional Activities Questionnaire (FAQQ). Aim was to validate this quotient in a larger sample. 
Methods: Demographic, motor, and cognitive data of 520 PD patients was analyzed within the frame of the 
CENTRE-PD project. Based on previous work[1], we computed the FAQQ reflecting patients’ global cognitive 
status compared to PD-related motor severity. For validation purposes, a second quotient was derived using linear 
regression models with age, sex, disease duration, depression and levodopa equivalence as cofounders. The 
quotients were used to split the PD-MCI group, with values >1 indicating more cognitive- compared to motor-driven 
ADL impairment. 
Results: Using Level I criteria, 318 (61.2%) patients were classified as cognitively normal (PD-CN), and 202 
(38.8%) were classified as PD-MCI. Except for three FAQ items (7, 8, 9), the previous association from each FAQ 
item to either the Montreal Cognitive Assessment (MoCA) or the Unified Parkinson’s Disease Rating Scale Part III 
could be replicated. Both the new (chi-square, p<0.001) and original (p=0.002) quotient significantly differentiated 
between PD-MCI groups. Total MoCA scores were significantly different between groups only for the original 
composition of the quotient (p=0.016), indicating that PD-MCI patients with more cognitive-driven ADL 
impairment had more severe cognitive dysfunction. 
Conclusions: We replicated the differentiation of cognitive- from motor-driven ADL impairments in a large cohort 
of non-demented PD patients. The association of cognitive and motor components stays relatively stable in a 
harmonized population, significantly differentiating PD-MCI groups even when using Level I criteria. However, the 
original quotient seems favorable when identifying a potential risk group for PDD. 
References: 1 Becker, S. , Bäumer, A. , Maetzler, W. , Nussbaum, S. , Timmers, M. , Van Nueten, L. , Salvadore, 
G. , Zaunbrecher, D. , Roeben, B. , Brockmann, K. , Streffer, J. , Berg, D. and Liepelt‐Scarfone, I. (2019). 
Assessment of cognitive‐driven activity of daily living impairment in non‐demented Parkinson's patients. J 
Neuropsychol. doi:10.1111/jnp.12173 

1664 
Brain amyloid contribution to cognitive dysfunction in Lewy bodies disorders: a pilot study 
R. Biundo, E. Fiorenzato, D. Cecchin, C. Salvotti, L. Weis, A. Antonini (Venice, Italy) 
Objective: To investigate regional [18F]florbetapir binding to amyloid-β and its contribution to cognitive 
dysfunction in Lewy bodies disorders. 
Background: Lewy bodies disorders like Parkinson’s disease dementia (PDD) and dementia with Lewy Bodies 
(DLB) are synucleopathies but accumulation of beta amyloid (Aβ) has been frequently reported [1, 2]. Clarifying the 
relationships of Aβ and α-syn in LBD may yield insights on the contributions of comorbid Alzheimer's disease (AD) 
pathology to dementia progression. 
Methods: Four DLB, 16 PD [3 PD with normal cognition, 7 PD with mild cognitive impairment, 6 PDD] 
underwent [18F]florbetapir positron emission tomography (PET) scanning. Clinical features, including demographic 
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characteristics, motor severity and cognitive testing were assessed. For the purpose of this study, we analyzed 
various neuropsychological tests assessing all cognitive functions and allowing Level II cognitive diagnosis. 
Results: There were 7/20 (35%) amyloid positive (Aβ +) patients at visual assessment. We found that Aβ+  had 
worse performance than Aβ- patients on global cognition, as assessed by Montreal Cognitive Assessment 
(MoCA) (p = 0.024) and in the memory domain (Word Paired Associated Test) (p =0.037). There was a tendency 
for a poorer performance in  visuospatial and executive domains (assessed with the incomplete letters of Visual 
Object and Space Perception and Stroop test) (p = 0.087 and p = 0.068, respectively). 
Conclusions: Our results corroborate evidence of additional Aβ contribution to worse global cognitive 
profile in Lewy Body disorders [3] and to verbal memory abilities. These findings support the therapeutic potential 
of anti-Aβ interventions in patients with Lewy Body Dementia with positive [18F]florbetapir PET. 
References: 1. Petrou M, Dwamena BA, Foerster BR, MacEachern MP, Bohnen NI, Muller ML, Albin RL, Frey 
KA (2015) Amyloid deposition in Parkinson's disease and cognitive impairment: a systematic review. Mov Disord 
30:928-935 2. Gomperts SN, Rentz DM, Moran E, Becker JA, Locascio JJ, Klunk WE, Mathis CA, Elmaleh DR, 
Shoup T, Fischman AJ, Hyman BT, Growdon JH, Johnson KA (2008) Imaging amyloid deposition in Lewy body 
diseases. Neurology 71:903-910 3. Fiorenzato E, Biundo R, Cecchin D, Frigo AC, Kim J, Weis L, Strafella AP, 
Antonini A, Cagnin A (2018) Brain Amyloid Contribution to Cognitive Dysfunction in Early-Stage Parkinson’s 
Disease: The PPMI Dataset. Journal of Alzheimer's Disease 66:229-237 

1665 
Higher probability of prodromal Parkinson’s disease is related to lower performance in all cognitive domains 
A. Bougea, M. Maraki, M. Yannakoulia, M. Stamelou, G. Xiromerisiou, M. Kosmidis, E. Dardiotis, G. 
Hadjigeorgiou, P. Sakka, C. Anastasiou, L. Stefanis, N. Scarmeas (Athens, Greece) 
Objective: to assess prodromal Parkinson disease (PD) probability and relate it to detailed cognitive performance in 
a community cohort. 
Background: There is a limited information on cognitive function before PD clinical onset in the general 
population. 
Methods: In a population-based cohort of 1629 dementia and PD free participants ≥65 in two regions of Greece, 
probability of prodromal PD was assessed according to Movement Disorder Society (MDS) criteria. Cognitive 
performance in 5 cognitive domains was assessed by a detailed neuropsychological battery. Clinical cognitive 
diagnoses (cognitively unimpaired, mild cognitive impairment (MCI), dementia) were assigned in consensus 
conferences. We investigated associations between prodromal PD probability (and its individual constituents) and 
cognitive outcomes. All composite z-scores were constructed from cognitive tests. 
Results: The median probability of prodromal PD was 1.81%, (0.2 to 96.7%). Probability of prodromal PD was 
significantly higher in participants with MCI compared to those with normal cognition (p<0.001). Higher probability 
of prodromal PD was related to lower performance in all cognitive domains (memory, language, executive, 
attention, and visuospatial function) (p<0.001). Lower cognitive performance was further associated with certain 
non-motor markers of prodromal PD, such as daytime somnolence, depression, urinary dysfunction, constipation 
and sub threshold parkinsonism (p<0.001). 
Conclusions: Higher probability of prodromal PD was associated with lower cognitive performance in all domains 
and higher probability of MCI. This may reflect a widespread pathological process although future studies are 
warrant to infer causality. These results suggest to clinicians, that they should assess cognition early, and to 
researchers that they should further look into the possible mechanisms that  may underlie this observation. 

1666 
Visuoperceptual impairment: a key feature in the diagnosis of corticobasal degeneration 
R. Bruffaerts, K. Van Bouwel, P.h. Van Damme, K. Claeys, K. Van Laere (Leuven, Belgium) 
Objective: We present a patient with a neurodegenerative disease where visuoperceptual testing led to a 
new working diagnosis of corticobasal degeneration (CBD) 

This article is protected by copyright. All rights reserved.



Background: CBD is a relatively rare neurodegenerative disease associated with diverse clinical phenotypes. In 
2003, the notion emerged that CBD might present as a visuoperceptual disorder, based on 2 cases confirmed on 
postmortem examination [1]. The 2013 criteria [2] state that visuospatial deficits, as part of a frontospatial 
syndrome, represent a phenotype associated with CBD pathology. In contrast to the 2008 criteria, symmetric onset 
of motor symptoms is allowed in the 2013 criteria. We reported previously that visual agnosia represents a clinical 
feature which may facilitate the in vivo discrimination between CBD and progressive supranuclear palsy [3]. Here, 
we present a case in which the detection of a frontospatial syndrome lead to rejection of the working hypothesis of 
Primary Lateral Sclerosis (PLS) in favor of CBD. 
Methods: An elderly man was examined because of progressive imbalance over the last 5 years. He had increased 
muscle tone in the lower limbs with upgoing plantar reflexes and a pathological masseter reflex. MRI of the brain 
did not show abnormalities. FDG-PET demonstrated moderately reduced tracer uptake in the posterofrontal and 
anteroparietal cortices and subcortical asymmetry with reduced uptake thalamic and high striatal on the right. The 
initial working hypothesis was PLS, but phosphorylated neurofilament (heavy subunit) levels were normal. Two 
years later, cognitive complaints arose and neuropsychological testing was planned. 
Results: Using the visual object and space perception battery (VOSP), impaired object decision was detected 
(13/20, Z = -1.78). He was unable to copy drawings of a cube or overlapping rectangles. CIT-Spect confirmed a 
symmetrical dopaminergic deficit. The working diagnosis was changed to possible CBD. During follow-up, he 
developed left-sided dystonia and non-fluent aphasia, also suggestive of underlying CBD. 
Conclusions: We hypothesize that visuoperceptual testing represents an opportunity for early diagnosis of CBD. We 
have so far reported 2 cases in which the detection of visuoperceptual impairment led to a new working diagnosis of 
CBD. Future work should include neuropathologically validated cohort studies to document the prevalence and 
specificity of visuoperceptual impairment in CBD. 
References: [1] Tang-Wai DF, Josephs KA, Boeve BF, Dickson DW, Parisi JE, Petersen RC. Pathologically 
confirmed corticobasal degeneration presenting with visuospatial dysfunction. Neurology. 2003;61(8):1134-1135. 
[2] Armstrong MJ, Litvan I, Lang AE, et al. Criteria for the diagnosis of corticobasal degeneration. Neurology. 
2013;80(5):496-503. [3] Bergmans B, Deryck O, Bruffaerts R. Pearls & Oy-sters: Visual agnosia: An overlooked 
cortical sign. Neurology. 2016;87(19):e237-e238. 

1667 
The cognitive profile associated with mild parkinsonian signs in a British Birth Cohort at age 69-71 
S. Buchanan, C. Lane, K. Lu, T. Parker, S. James, A. Keshavan, S. Keuss, H. Murray-Smith, A. Wong, D. Cash, W. 
Coath, S. Crutch, N. Fox, M. Richards, A. Schrag, J. Schott (London, United Kingdom) 
Objective: To test associations between mild parkinsonian signs (MPS), cognitive function and brain pathologies in 
Insight 46, a subsample of the MRC National Survey of Health and Development (NSHD), the British 1946 birth 
cohort. 
Background: MPS increase in frequency with age and have been associated with increased risks of mild cognitive 
impairment, Alzheimer’s disease (AD) and mortality. However, relationships between MPS, cognition and 
neuropathology remain unclear. 
Methods: 502 individuals were recruited to Insight 46. Participants had a clinical assessment including parkinsonian 
signs using the Movement Disorder Society Unified Parkinson’s disease Rating Scale (MDS-UPDRS); a cognitive 
battery including tests of psychomotor speed (Digit-Symbol Substitution Test, DSST), non-verbal reasoning (Matrix 
Reasoning), and memory (Logical Memory story recall); and imaging using volumetric T1 and FLAIR MRI, and 
Florbetapir amyloid-PET. A modified MDS-UPDRS (mUPDRS) (excluding action and kinetic tremor) was used to 
determine bradykinesia, rigidity, rest tremor and axial sub-scores. After excluding individuals with major clinical or 
radiological brain disease, data were analysed to assess associations between motor scores and cognitive 
performance using multivariable linear regression adjusting for demographics and childhood cognition (n=450, 
model 1), and imaging metrics (n=405, model 2). 
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Results: Mean age was 70.7 years (SD 0.7); 49.6% were female. Median mUPDRS score was 2 (range 0–21). Only 
two participants had rest tremor so this was not analysed. No motor score was associated with logical memory. 
Higher total mUPDRS score was associated with lower DSST (p<0.05) and matrix reasoning (p<0.05) scores. 
Higher axial scores were associated with decreased matrix reasoning (p<0.01) and a trend towards lower DSST 
(p<0.06); higher bradykinesia associated with lower DSST (p<0.05). Adjusting for amyloid status, whole brain, and 
white matter hyperintensity volumes (model 2) the associations between mUPDRS, bradykinesia, and axial scores 
with matrix reasoning remained statistically significant. 
[table 1] 
Conclusions: MPS, particularly in an axial distribution, were associated with poorer performance on tasks of non-
verbal reasoning and psychomotor speed. The lack of association with the imaging pathologies investigated suggests 
that these relationships are not underpinned by preclinical AD or typical cerebral small vessel disease. 

 

1668 
Body Representation Impairments in Parkinson’s disease: A Preliminary Report 
J. Cardona, C. Martinez, W. Correa, J. Grisales, C. Trujillo, F. Marmolejo-Ramos (Santiago de Cali, Colombia) 
Objective: The current study investigates semantic processing (SP) and body representation (BR) in early 
Parkinson’s disease patients (ePDp) compared with neurologically healthy participants. 
Background: Although the embodiment of language has recently gained large interest in research on 
neurodegenerative motor disorders such as Parkinson's disease, a topic that remains under-investigated is how body 
is described and imaged, i.e. represented, in such pathologies. 
Methods: The ePDp group and healthy control group were assessed via (a) clinical, (b) neuropsychological, and (c) 
experimental tests. (a) ePDp participants who met UK Parkinson’s Disease Society Brain Bank criteria (1) were 
evaluated using the UPDRS part III; and stages I and II of the Hoehn and Yahr scale (2). (b) A cognitive screening 
evaluation was carried out through the Addenbrooke Cognitive Examination- revised (3) and INECO frontal 
screening (4). (c) We compared the performance of ePDp and healthy control group with three BR tasks (body-part 
localisation [BL], body-part matching [BM] and body-part and objects matching [BOL] tasks) and two SP tasks 
(Kissing and Dancing [KD] and Pyramids and Palm Trees [PPT] tests). 
Results: Regarding neuropsychological performance, no differences were found between PD patients and healthy 
controls in ACE-R [t(16)= -1.49; p = 0.15] or IFS [t(16)= -0.39; p = 0.69] total scores. The results indicate 
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significant differences between the groups in the KD test [t(16)= -4.49; p<0.01]and two of the BR tests; the BL 
[t(16)= -2.20; p = 0.04] and BM [t(16)= -2.55; p = 0.02]tests. There were no significant differences between the two 
groups of participants regarding the PPT and BOL tests. 
Conclusions: We found that ePDp showed impairments in BR task relative to healthy controls 
This is, to our knowledge, the first behavioural study showing that BR is affected in ePDp. 
References: (1) Hughes AJ, Daniel SE, Kilford L, and Lees AJ. Accuracy of clinical diagnosis of idiopathic 
Parkinson’s disease: A clinico- pathological study of 100 cases. Journal of Neurology, Neurosurgery and Psychiatry, 
55(3): 181e184, 1992. (2) Hoehn MM and Yahr MD. Parkinsonism: Onset, progression and mortality. Neurology, 
17(5): 427e442, 1967. (3) Torralva, T., Roca, M., Gleichgerrcht, E., Bonifacio, A., Raimondi, C., & Manes, F. 
(2011). Validación de la versión en español del Addenbrooke's Cognitive Examination-Revisado (ACE-R). 
Neurologia, 26(6), 351-356. (4) Torralva, T., Roca, M., Gleichgerrcht, E., Lopez, P., & Manes, F. (2009b). INECO 
Frontal Screening (IFS): a brief, sensitive, and specific tool to assess executive functions in dementia. Journal of the 
International Neuropsychological Society, 15(5), 777e786. 

1669 
Semantic Memory Assessment in Parkinson’s Disease 
J. Cardona, H. Urquina, F. Marmolejo-Ramos, C. Trujillo, M. Larson (Santiago de Cali, Colombia) 
Objective: We assessed the performance of patients with a diagnosis of Parkinson’s disease (PD) in a series of 
semantic memory (SM) tasks including both living and nonliving semantic domains 
Background: Recent studies suggest that the basal ganglia have a principal role in functions other than motor 
performance. In PD patients, deficits in action-verb processing have been described, however, a topic that remains 
under-investigated is the difference between living and non-living entities within the concrete domain. 
Methods: We compared the performance of 30 PD patients vs. 30 thirty neurologically healthy participants 
using neuropsychological and experimental tests.PD participants who met UK Parkinson Disease Society Brain 
Bank criteria (1) were evaluated using part III of the Unified Parkinson’s Disease Rating Scale (UPDRS) and Hoehn 
and Yahr’s (2) stages I or II. All the patients were undergoing antiparkinsonian therapy and were evaluated during 
the “on” phase of their medication.  All patients and controls were evaluated with: (3) the Addenbrooke Cognitive 
Examination- revised; (4) the INECO Frontal Screening; and SM tasks: picture naming [PN], naming on oral 
description [OD], word-picture matching [WP]. 
Results: No differences were found between PD patients and healthy controls in the ACE-R total score (p = 0.83). 
However, their total IFS score was significantly lower than that of controls (p = 0.003). Regarding SM, PD patients 
reported lower scores on the three tasks (manipulable objects): PN (p<0.001), OD (p =0.02); and WP (p = 0.03). 
Conclusions: In the present study, PD patients exhibited impaired SM as compared with healthy participants. More 
importantly, we found category-specific deficits between living things vs non-living things, with a poor performance 
for non-living entities in PD, systematically in the different tasks. These results open new pathways in the fields of 
theoretical approaches to language understanding, and models of motor-language coupling. 
References: (1) Hughes AJ, Daniel SE, Kilford L, and Lees AJ. Accuracy of clinical diagnosis of idiopathic 
Parkinson’s disease: A clinico- pathological study of 100 cases. Journal of Neurology, Neurosurgery and Psychiatry, 
55(3): 181e184, 1992. (2) Hoehn MM and Yahr MD. Parkinsonism: Onset, progression and mortality. Neurology, 
17(5): 427e442, 1967. (3) Torralva, T., Roca, M., Gleichgerrcht, E., Bonifacio, A., Raimondi, C., & Manes, F. 
(2011). Validación de la versión en español del Addenbrooke's Cognitive Examination-Revisado (ACE-R). 
Neurologia, 26(6), 351-356. (4) Torralva, T., Roca, M., Gleichgerrcht, E., Lopez, P., & Manes, F. (2009b). INECO 
Frontal Screening (IFS): a brief, sensitive, and specific tool to assess executive functions in dementia. Journal of the 
International Neuropsychological Society, 15(5), 777e786. 

1670 
Low doses of scopolamine exacerbates dementia among Drosophila with Parkinson's disease pathophysiology 
G. CHANDRAN (Mysore, India) 
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Objective: To assess the non-inducing doses of scopolamine (SCL) on the memory function of Drosophila 
previously induced with Parkinson's disease phenotype. 
Background: A large body of clinical evidence from across the globe suggest a late onset dementia among aged 
Parkinson's disease patients with a history of more than 10 years. However, the experimental data to substantiate this 
is limited. Hence we set out to study the physiology of dementia during long term Parkinson's disease co-morbidity 
using Drosophila fly model. 
Methods: Old male flies (30d old) were rendered Parkinson's with Rotenone (ROT) in the medium (0.10 mM, 25 
flies/ replicate, 3 replicates/ group) for 15 days. These ROT flies were co-exposed with SCL (1mM, during the last 4 
days). The flies were observed for manifestation of memory loss using open field test, climbing efficiency and stress 
level, terminally the fly-heads were assessed for acetylcholine esterase and acetylcholine levels (HPLC). 
Results: Exposure of flies to ROT significantly induced motor deficits in terms of climbing and speed by the 5th 
day in comparison to the control flies. The flies which were co-exposed to SCL manifested memory loss (dementia) 
as evidenced from the open field test. In addition, the flies also exhibited a general dullness when compared to 
control, ROT and SCL alonge groups. SCL alone at the tested dose, did not cause significant alterations in the 
memory behaviour. Additionally the acetylcholine esterase activity levels were greatly increased among ROT+SCL 
groups while the acetylcholine levels were markedly decreased. 
Conclusions: These data suggest a susceptibility of Parkinson's group to a non-inducing doses of SCL in developing 
memory loss (dementia). The future studies are focused on understanding the pathophysiology of the co-morbidity 
of Parkinson's disease and cognitive disorders among the aged groups. 

1671 
Clinical and neuroimaging heterogeneity of dementia with Lewy bodies 
A. Chimagomedova, E. Vasenina, O. Levin (Moscow, Russian Federation) 
Objective: To study clinical and neuroimaging features of dementia with Lewy bodies (DLB) for optimal 
management and prognosis of the disease. 
Background: Appropriate diagnosis of DLB is often a challenge. The clinical picture of the disease consists of 
combination of various syndromes. Cerebrovascular lesions are often found on MRI and autopsy in patients with 
DLB and less is known about its significance and contribution to clinical phenotype of the disease. 
Methods: We examined 70 patients that fulfilled clinical criteria of DLB. The clinical assessment included 
Montreal Cognitive Assessment scale (MoCA), Mini-mental State Examination (MMSE), Addenbrooke's Cognitive 
Examination (ACE-R), IQCODE, Neuropsychiatric Inventory (NPI-4), University of Miami Parkinson's Disease 
Hallucinations Questionnaire (UM-PDHQ), the motor section of the Unified Parkinson’s disease rating 
scale (UPDRS), orthostatic hypotension test,  sleep and disorders were assessed with RBD1Q, Epworth Sleepiness 
Scale, single-question screen for REM sleep behavior disorder (RBD1Q), the Epworth Sleepiness Scale (ESS). All 
patients were performed 1,5 T brain MRI. MRI revealed with moderate to severe white matter hyperintensities 
(WMH) in 43 participants. Patients were performed ultrasound assessment of flow-mediated vasodilation. 
Willebrand factor and lipid profile were also evaluated. 
Results: According to cluster analysis based on clinical manifestations, onset of the disease, imaging features we 
divided all patients on 3 subtypes: 1) classical, 2) form with early psychotic manifestation, 3) atypical (DLB+AD). 
Patients with classical subtype had more core clinical features. The second subtype was characterized by early 
psychotic manifestation in patients with relatively preserved cognitive functions. Patients with third subtype had 
more severe cognitive dysfunction in relation to other clinical syndromes, and cognitive deficit was presented with 
mixed concomitant alzheimer-related clinical and neuroimaging features. 
WMH on MRI in patients with DLB were associated more likely with hyppocampal atrophy than vascular risk 
factors and vessel reactivity. 
Conclusions: The differential approach to patients with DLB may improve early diagnosis of DLB, prognosis of the 
disease course and treatment effectiveness. 
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1672 
MCI reverters have a favorable cognitive prognosis and cortical integrity in Parkinson’s disease 
S.J. Chung, Y.-H. Park, Y.H. Sohn, J.-M. Lee, P.H. Lee (Seoul, Republic of Korea) 
Objective: To investigate whether reversion to cognitively normal status (CogN) is clinically relevant in 
Parkinson’s disease with mild cognitive impairment (PD-MCI). 
Background: The concept of MCI is widely accepted as a transitional state between normal cognition and dementia 
not only in Alzheimer’s disease populations but also in patients with PD. However, not all patients with PD-MCI 
progress to dementia, and a considerable number of patients return to CogN during follow-up. 
Methods: 293 patients with PD-MCI underwent serial neuropsychological assessment 2-5 times (a mean interval, 
1.5 years). Forty-six patients reverted to CogN (reverters) during follow-up, while the other 247 did not (non-
reverters). We assessed the risk of cognitive worsening in PD-MCI reverters, non-reverters, and PD-CogN patients 
(n = 115). Additionally, we performed comparative analyses of cortical thickness, white matter integrity, and 
resting-state functional connectivity between de novo PD-MCI reverters (n = 17) and matched non-reverters (n = 
34). 
Results: PD-MCI reverters were younger, had higher frequencies of single-domain MCI type and amnestic type 
with retrieval failure, and showed better cognitive performance compared with non-reverters. PD-MCI reverters had 
a lower risk of dementia conversion relative to that in the non-reverters (hazard ratio, 11.6; p = 0.001). The risk of 
reconversion to MCI or progression to dementia in PD-MCI reverters was similar to that of cognitive worsening in 
PD-CogN patients. The reverter group exhibited greater cortical thickness in the right parahippocampal gyrus 
relative to the non-reverter group, while white matter integrity did not differ between the groups. Additionally, PD-
MCI reverters exhibited less severely decreased functional connectivity in the default mode and executive control 
networks [figure 1]. 
Conclusions: This study demonstrated that PD-MCI reverters had relatively preserved structural and functional 
integrity and a favorable cognitive prognosis compared with those in the non-reverters, suggesting that cognitive 
defect and neurodegenerative burden are less severe in this group. 
References: N/A 
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1673 
Cardiovascular autonomic function and MCI in Parkinson’s disease 
C.E. Cicero, L. Raciti, R. Monastero, G. Mostile, G. Donzuso, G. Sciacca, A. Luca, C. Terravecchia, L. Giuliano, R. 
Baschi, M. Davì, M. Zappia, A. Nicoletti (Catania, Italy) 
Objective: To evaluate the association between cardiovascular dysautonomia and Mild Cognitive Impairment 
(MCI) in Parkinson’s Disease (PD) patients. 
Background: Dysautonomic dysfunction and cognitive impairment represent the most disabling non-motor features 
of PD. Recent evidences suggest the association between Orthostatic Hypotension (OH) and PD-Dementia (PDD). 
However, little is known on the interactions between cardiovascular dysautonomia and MCI. 
Methods: PD patients belonging to the PACOS cohort underwent a comprehensive instrumental neurovegetative 
assessment including the study of both parasympathetic and sympathetic function (30:15 ratio, Expiratory-
Inspiratory ratio [E-I] and presence of Orthostatic Hypotension [OH]). Diagnosis of MCI was made according to the 
MDS criteria level II. Logistic regression analysis was performed for each variable by considering the presence of 
MCI as the outcome. A subgroup analysis has been performed to analyse the association between the 
neurovegetative tests and the different MCI phenotypes. 
Results: We enrolled 185 PD patients of whom 102 (55.1%) were men, mean age was 64.6 ± 9.7 years, mean 
disease duration of 5.6 ±5.5 years with a mean UPDRS-ME score of 31.7 ± 10.9. MCI was diagnosed in 79 (42.7%) 
patients.  OH was recorded in 52 (28.1%) patients, altered 30:15 ratio was recorded in 39 (24.1%) patients and an 
altered E-I ratio was found in 24 patients (19.1%). Presence of MCI was associated with an altered 30:15 ratio 
(adjOR 2.83; 95%CI 1.25-6.40) but not with an altered E-I ratio, or the presence of OH. Forty-nine (62.0%) patients 
were classified as naMCI, while 30 (38%) had aMCI. At the univariate analysis an altered 30:15 and the presence of 
OH were significantly associated with aMCI with, respectively an OR of 3.49 (95% CI 1.36-8.94; p=0.009) and an 
OR of 2.43 (95% CI 1.05-5.06; p=0.037). 
Conclusions: In our study sample, MCI was mainly associated with parasympathetic dysfunction in PD. The 
presence of an altered parasympathetic function in MCI has been already described in subjects with MCI due to 
Alzheimer’s Disease, probably related to reduced acetylcholine levels affecting both cognitive function and 
parasympathethic nervous system function. Concerning the association between OH and the subgroup of aMCI, it 
could be hypothesized that aMCI and PDD may share the same pathological background with a higher risk of 
progression to PDD. 

1674 
Relating web-based-visuo-perception to cognition and genetic variability in Parkinson’s disease: interim 
report 
A. Costantini, M. Tan, M. Lo, L. Leyland, H. Morris, R. Weil (London, United Kingdom) 
Objective: To relate visuo-perceptual performance with cognitive and genetic measures in Parkinson’s disease. 
Background: Dementia is a common occurrence in Parkinson’s disease (PD), affecting up to half of patients (1). 
Patients present heterogeneously in severity and timing of dementia and genetic differences may underpin some of 
this variability (2,3). We have developed a web-based visual testing platform and shown that this can detect visual 
deficits in PD (4). Using web-based technology allows us to measure visual changes in large numbers of patients 
with PD and link these measures with genetic differences. This will also enable us to monitor change in visual 
performance over time and link this with cognitive performance and biological measures in large numbers of 
patients with PD. 
Methods: 33 NHS trusts throughout England are currently recruiting to the study.  Clinical and visuo-perceptual 
data are being collected using self-complete questionnaires, as well as Montreal Cognitive Assessment (MoCA) over 
4 years. DNA is extracted from blood samples and analysed using Illumina Neurochip genotyping array, which 
includes custom content for variants implicated in neurological diseases. 
Results: 387 individuals (330 PD, 57 controls) have been recruited for baseline assessments to date, with 35 PD and 
4 controls completing 1 year follow up. At baseline, all PD participants are within the first 5 years of diagnosis, 
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exhibit no cognitive impairment (mean MoCA=27), and aged over 50. Interim results show that performance in 
visuo-perceptual tasks, specifically recognising biological motion, is related to baseline cognition (R2 = 0.084, 
p=0.002).  192 samples have been genotyped on the NeuroChip array to date (155 PD samples, 37 controls). We 
have extracted MAPT haplotype data successfully for 99.4% samples genotyped to date. In PD participants, 69.7% 
carry the H1/H1 haplotype, 28.3% carry the H1/H2 haplotype and 2.0% carry the H2/H2 haplotype. We will analyse 
the MAPT haplotypes and other genotypes in relation to visual performance and cognition. 
Conclusions: Relating heterogeneity in visual performance with genetic variability will provide some insights into 
the underlying basis for cognitive deficits in Parkinson’s disease. 
References: 1. Williams-Gray, C. H. et al. The CamPaIGN study of Parkinson’s disease: 10-year outlook in an 
incident population-based cohort. J. Neurol. Neurosurg. Psychiatry 84, 1258–1264 (2013). 2. Fagan, E. S. & 
Pihlstrøm, L. Genetic risk factors for cognitive decline in Parkinson’s disease: a review of the literature. Eur. J. 
Neurol. 24, 561–e20 (2017). 3. Kehagia, A. A., Barker, R. A. & Robbins, T. W. Cognitive impairment in 
Parkinson’s disease: the dual syndrome hypothesis. Neurodegener. Dis. 11, 79–92 (2013). 4. Weil, R. S. et al. 
Assessing cognitive dysfunction in Parkinson’s disease: An online tool to detect visuo-perceptual deficits. Mov. 
Disord. 33, 544–553 (2018). 

1675 
Semantic fluency impairment and amygdala atrophy are predictive factors for the development of 
Parkinson’s disease dementia 
O. Cousins, G. Pagano, J. Schulz, G. Dervenoulas, H. Wilson, S. Caminiti, S. Polychronis, M. Politis (London, 
United Kingdom) 
Objective: We investigated neuroanatomical differences between Parkinson’s disease (PD) patients with and 
without semantic fluency impairment and explored predictive markers for dementia development. 
Background: Sematic fluency impairment is an early cognitive deficit encountered in PD. The underlying 
pathophysiology is uncertain. 
Methods: We identified 395 de novo PD patients, without dementia, and 172 healthy controls from the Parkinson's 
Progression Markers Initiative database. Grey matter volumes across a priori limbic regions of interest were 
compared between PD patients with (n=63) and those without (n=332) semantic fluency impairment and healthy 
controls using voxel based morphometry analysis. A subset of patients (n=156) were further assessed for 
microstructural changes using diffusor tensor imaging (DTI). A multivariate Cox analysis was conducted to 
investigate predictive factors for the development of dementia over a 60 month follow up period. 
Results: PD patients with semantic fluency impairment had volumetric reduction in the superficial amygdala 
(P=0.021) and hippocampal-amygdaloid transition area (P=0.029). A multivariate model for the development of 
dementia in PD patients demonstrated that semantic fluency score (HR=0.942 CI 0.92-0.964; P<0.0001) and 
superficial amygdala T1 volume (HR=0.973 CI 0.951-0.996; P=0.02), after adjustment for age and gender as 
covariates, were predictive factors of cognitive decline, together with superficial amygdala DTI mean diffusivity 
(HR=2.382; P=0.037). 
Conclusions: Amygdala atrophy underlies semantic fluency deterioration seen in PD and is a predictive factor, 
along with semantic fluency score, for the development of PD dementia. Early identification of patients at risk of 
dementia could aid customisation of treatment and development of clinical trials. 
 
This abstract has also been submitted for presentation at the European Academy of Neurology Congress June 2019. 

1676 
Resting-state EEG spectral power in Parkinson’s disease 
J. Dalrymple-Alford, R. Shoorangiz, E. Petersen, R. Jones, B. Elias, L. Livingston, I. Kirk, L. Tippett, M. 
Livingstone, T. Anderson (Christchurch, New Zealand) 

This article is protected by copyright. All rights reserved.



Objective: To examine the relationship between spectral power of resting state EEG (rsEEG) and cognition in 
Parkinson’s disease (PD). 
Background: Alzheimer patients have reduced rsEEG power in the alpha band but increased theta power. Similar 
effects have been reported for PD patients with mild cognitive impairment (PD-MCI). The current study compared 
rsEEG in PD patients, classified as meeting or not meeting criteria for mild cognitive impairment (PD-MCI; PD-N). 
Methods: Fifty-five PD patients were recruited from a Movement Clinic and diagnosed as showing PD-MCI 
(N=25; MDS Level II criteria) or as PD-N (N=30). A group of age-matched healthy controls (N=27) was also 
recruited. Participants undertook a 10-min resting state EEG session (wakeful eyes-closed session; 64 electrodes). 
Visual inspection and automated algorithms were used to identify and reject artefacts. EEG was re-referenced to 
common average of all electrodes and spectral power was calculated using FFT with a Hanning window from 2-s 
EEG segments. Hierarchical Bayesian regressions, accounting for age, sex, and education, were used to examine 
EEG (1) across groups and (2) a global cognition score derived from comprehensive testing across 5 cognitive 
domains. 
Results: For alpha, we found lower spectral power for the PD-MCI group compared to HC (-0.4; 95% credible 
intervals (CI): -0.2, -0.6), accounting for total power, but no difference in the PD-N group. Only the PD-MCI group 
also had lower individual alpha frequency (IAF; peak frequency). IAF was positively associated with the global z-
score across all PD patients (β=0.30, CI: 0.1–0.59); this was prominent in both anterior and posterior regions. By 
contrast, global power for theta was higher (0.67, 95% CI: 0.07–1.77) in the PD-MCI group than the HC group; The 
PD-N group had intermediate values. Increased theta power in PD-MCI was most evident in the left anterior region 
and bilateral posterior regions. The transition frequency from theta to alpha band had a non-significant association 
with global cognition (β=0.18, 95% CI: -0.02–0.37). 
Conclusions: By adding a group of PD-N patients, and using detailed neuropsychological assessments, we confirm 
prior work that decline in cognitive function is associated with a reduction in peak frequency and power in the alpha 
frequency band. Further evidence on the slowing of synchronized activity in PD as cognition declines, particularly 
longitudinal studies, may enhance the value of rsEEG as a biomarker in PD. 

1677 
Impaired fonction of mirror neurons and the role of levodopa in PD patients 
T. Danaila, P. Jaulent, C. Laurencin, J. Xie, H. Klinger, P. Krolak-Salmon, S. Thobois (Lyon, France) 
Objective: Study of the emotional mirroring and its modulation by levodopa treatment in fluctuating PD patients 
with no significant cognitive burden as assessed by regular neuropsychological testing. 
Background: Social cognition is a complex system relying on emotional recognition (mirroring), the theory of mind 
(TOM), but also on the sociocultural environment.The first step in this model is the emotional mirroring which 
seems to be altered in PD patients. However results are discordant because differents tasks are used to test the 
"primitive" mirror neurons system (involved in the emotional recognition) and it seems difficult to avoid 
interferences with the TOM, which is the next level of social cognition. The psychocognitive status but also the PD 
treatment modulate social cognition. 
Methods: In this prospective study (ClinicalTrials.gov Identifier: NCT03004573) we enrolled, between 2017 and 
2018, 27 PD fluctuating patients already qualified for STN DBS surgery. One month before surgery a detailed 
psychocognitive check-up was performed: evaluation of anxiety, depression, apathy, general cognitive performance, 
frontal and visuospatial functions. As for the social cognition, we used the moving dots scenes for the emotional 
mirroring and the classical evaluation of the TOM with the face recognition and the TOM-15 (false-belief task). In 
order to further understand the role of levodopa, the social cognition evaluation was performed in OFF and ON 
treatment. 
Results: Our first results clearly suggest that the administration of levodopa can have a dramatically positive or 
negative role on the handling of the emotional recognition, but also on the higher level of social cognition like the 
theory of mind. It seems to be minor correlation between the classical neuropsychological evaluation and the 
positive or negative role of levodopa on the social cognition performance. 
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Conclusions: PD and levodopa modify the social cognition performance and this probably explains the complex 
social, professional and familial modifications that occur very rapidly even in patients without cognitive deficits. 
Our 27 patients are currently evaluated in order to evaluate the role of the STN DBS surgery on the social cognition. 
Further combined studies (cognition, imagistics, metabolic, genetics) are clearly needed in order to understand the 
mechanisms underlying these modifications and maybe adapt treatments following different social cognition status. 
References: 1. C Xi, Y Zhu, Y Mu, B Chen, B Dong, H Cheng, P Hu, C Zhu, K Wang. Theory of mind and 
decision-making processes in Parkinson’s disease ; Behavioural Brain Research 279 (2015) : 226-233 2. McIntosh 
LG, Mannava S, Camalier CR, Folley BS, Albritton A, Konrad PE, Charles D, Park S, Neimat JS. Emotion 
recognition in early Parkinson's disease patients undergoing deep brain stimulation or dopaminergic therapy: a 
comparison to healthy participants. Front Aging Neurosci. 2015 Jan 21;6:349. doi: 10.3389/fnagi.2014.00349. 
eCollection 2014. 3. Bodden ME, Dodel R, Kalbe E. Theory of mind in Parkinson's disease and related basal ganglia 
disorders: a systematic review. Mov Disord. 2010 Jan 15; 25(1):13-27. doi: 10.1002/mds.22818. 4. Narme P, 
Mouras H, Roussel M, Duru C, Krystkowiak P, Godefroy O. Emotional and cognitive social processes are impaired 
in Parkinson's disease and are related to behavioral disordersNeuropsychology. 2013 Mar; 27(2):182-92. doi: 
10.1037/a0031522. 5. Péron J, Vicente S, Leray E, Drapier S, Drapier D, Cohen R, Biseul I, Rouaud T, Le Jeune F, 
Sauleau P, Vérin M. Are dopaminergic pathways involved in theory of mind? A study in Parkinson's disease. 
Neuropsychologia. 2009 Jan; 47(2):406-14. doi: 10.1016/j.neuropsychologia.2008.09.008. Epub 2008 Sep 18. 6. 
Santangelo G, Vitale C, Trojano L, Errico D, Amboni M, Barbarulo AM, Grossi D, Barone P. Neuropsychological 
correlates of theory of mind in patients with early Parkinson's disease. Mov Disord. 2012 Jan; 27(1):98-105. doi: 
10.1002/mds.23949. Epub 2011 Sep 13. 7. Alegre M, Rodríguez-Oroz MC, Valencia M, Pérez-Alcázar M, Guridi J, 
Iriarte J, Obeso JA, Artieda J. Changes in subthalamic activity during movement observation in Parkinson's disease: 
is the mirror system mirrored in the basal ganglia? Clin Neurophysiol. 2010 Mar; 121(3):414-25. doi: 
10.1016/j.clinph.2009.11.013. Epub 2009 Dec 16. 8. Alegre M, Guridi J, Artieda J. The mirror system, theory of 
mind and Parkinson's disease. J Neurol Sci. 2011 Nov 15; 310(1-2):194-6. doi: 10.1016/j.jns.2011.07.030. Epub 
2011 Aug 11. 9. Mondillon L, Mermillod M, Musca SC, Rieu I, Vidal T, Chambres P, Auxiette C, Dalens H, Marie 
Coulangeon L, Jalenques I, Lemaire JJ, Ulla M, Derost P, Marques A, Durif F. The combined effect of subthalamic 
nuclei deep brain stimulation and L-dopa increases emotion recognition in Parkinson's disease. Neuropsychologia. 
2012 Oct; 50(12):2869-79. doi: 10.1016/j.neuropsychologia.2012.08.016. Epub 2012 Aug 28. 10. Saenz A, Doé de 
Maindreville A, Henry A, de Labbey S, Bakchine S, Ehrlé N. Recognition of facial and musical emotions in 
Parkinson's disease. Eur J Neurol. 2013 Mar; 20(3):571-7. doi: 10.1111/ene.12040. Epub 2012 Dec 24. 11. Robert 
G, Le Jeune F, Dondaine T, Drapier S, Péron J, Lozachmeur C, Sauleau P, Houvenaghel JF, Travers D, Millet B, 
Vérin M, Drapier D. Apathy and impaired emotional facial recognition networks overlap in Parkinson's disease: a 
PET study with conjunction analyses. J Neurol Neurosurg Psychiatry. 2014 Oct; 85(10):1153-8. doi: 10.1136/jnnp-
2013-307025. Epub 2014 Jan 8. 12. Mermillod M, Mondillon L, Rieu I, Devaux D, Chambres P, Auxiette C, Dalens 
H, Coulangeon LM, Jalenques I,Durif F. Dopamine replacement therapy and deep brain stimulation of the 
subthalamic nuclei induce modulation ofemotional processes at different spatial frequencies in Parkinson's disease. J 
Parkinsons Dis. 2014; 4(1):97-110. doi: 10.3233/JPD-130256. 13. Albuquerque L1, Coelho M2, Martins M3, 
Martins IP4.STN-DBS does not change emotion recognition in Parkinson's disease. Parkinsonism Relat Disord. 
2014 May; 20(5):564-5. doi: 10.1016/j.parkreldis.2014.01.020. Epub 2014 Feb 11. 14. Tomlinson, E. K., Jones, C. 
A., Johnston, R. A., Meaden, A., & Wink, B. Facial emotion recognition from movingand static point-light images 
in schizophrenia. Schizophrenia Research 2006; 85: 96-105. 15. Centelles L., Assaiante C., Nazarian B., Anton J. L. 
& Schmitz C.Recruitment of both the mirror and the mentalizing networks when observing social interactions 
depicted by point-lights: a neuroimaging study. PlosOne 2011; 6. 16. Hamann, S. B., Ely, T. D., Hoffman, J. M., and 
Kilts, C. D. Ecstasy and Agony: Activation of the Human Amygdalain Positive and Negative Emotion. 
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Bouvard M., Thobois S., Broussolle E., Vighetto A., Krolak-Salmon P. Emotional and facial expression recognition 
impairment in Parkinson disease. Psychologie et Neuropsychiatrie du Vieillissement 2006: 4(1): 61-67. 

1678 
Visual hallucinations in Parkinson´s disease and amyloid burden: 18F-Flutemetamol PET-MRI study 
B. Fernández-Rodríguez, C. Gasca-Salas, R. Rodríguez-Rojas, P. Guida, D. Mata-Marín, I. Obeso-Martín, L. Vela, 
M. Garcerant-Tafur, L. García-Cañamaque, J.A. Obeso (Móstoles, Spain) 
Objective: To compare amyloid distribution in patients with Parkinson´s disease (PD) with visual hallucinations 
(VH-p) and without (VH-n). 
Background: In patients with PD the prevalence of VH has been reported between 6 and 74%. Their content is 
really variable, and can range from passage and sense of presence to well-structured visual experiences. It has been 
shown that mild cognitive impairment in PD and VH, are both risk factors for dementia. In turn, PD-Dementia 
patients have amyloid-β deposits that have a synergic effect with α synuclein, responsible for dementia, but the role 
of amyloid-β deposits in VH-p remains unknown. 
Methods: Twenty-three non-demented PD patients (8 VH-p and 15 VH-n) underwent a neuropsychological, 
neurological examinations and 18F-Flutemetamol PET-MRI. They were classified as VH-p and VH-n using the 
MDS-UPDRS-I. Standardized uptake value ratio (SUVr) change was computed across 8 bilateral volumes of 
interest. 
Results: Both groups showed no significant differences in clinical characteristics but their cognitive status differ, 
counting 6.7% of MCI in the VH-n group and 50% in the VH-p group. VH-p patients had an increased SUVr in 
right posterior cingulate (p=0.047) and right and left frontal regions (p= 0.047 and 0.013 respectively) compared to 
VH-n patients. 
Conclusions: Patients VH-p seem to present a higher burden of amyloid-β in right posterior cingulate and frontal 
cortex. This observation could be related to the onset of VH in PD. Further studies with a higher number of patients 
should be done, to avoid the possible influence of MCI on the results. 

1679 
Profile and progression of cognitive deficits in Progressive Supranuclear Palsy, Multiple System Atrophy and 
Parkinson's Disease 
E. Fiorenzato, A. Antonini, V. Camparini, L. Weis, C. Semenza, R. Biundo (Venice, Italy) 
Objective: This study investigated neuropsychological tests most sensitive in differentiating progressive 
supranuclear palsy (PSP) from Parkinson’s disease (PD) and multiple system atrophy (MSA), and in detecting 
cognitive changes at follow-up. 
Background: Cognitive impairment is frequent in PSP, but its characteristics and progression need to be properly 
defined. 
Methods: We evaluated 35 PSP with Richardson's syndrome (PSP-RS), 30 MSA as well as 65 age-, sex-, and 
education-matched PD with an extensive clinical and neuropsychological assessment, allowing Level II cognitive 
diagnosis. Eighteen PSP, 12 MSA and 30 PD had a second evaluation 12-18-month (mean 15 months) after the first 
assessment. 
Results: In PSP, Montreal Cognitive Assessment (MoCA), verbal fluencies (phonemic and semantic tasks), Stroop 
test, Digit Span Sequencing (DSS), incomplete letters of Visual Object and Space Perception (VOSP) and Benton’s 
Judgment of Line Orientation (JLO) performance were significantly impaired at baseline compared to PD and MSA. 
Executive and visuo-spatial abilities declined longitudinally in PSP, but not in PD and MSA. After 1.5 year, 16% of 
PSP converted to dementia. 
Conclusions: Our study provides evidence that cognitive decline is more severe and rapid in PSP than PD and 
MSA. MoCA, verbal fluency, DSS and Benton’s JLO are valuable tests to detect cognitive progression in PSP and 
may be proposed as biomarker for research protocols to assess efficacy of disease modification strategies. 
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1680 
The Promise of Automation: Development and preliminary testing of a language-based machine learning 
algorithm in PD 
B. Fujii, R. Richter, A. Roberts (Evanston, IL, USA) 
Objective: The proposed work seeks to expand current machine learning algorithms in PD using both motor and 
language features to discriminate affected speakers from healthy controls. 
Background: The use of automated analysis approaches in the clinical diagnosis of PD, and other 
neurodegenerative disorders, is appealing because it is fast, inexpensive, highly scalable, and requires little to no 
setup [1]. Machine learning approaches for discriminating PD speakers largely use motor features [2]. Extant 
research suggests that cognitive declines manifest as speech and language errors in spontaneous production tasks 
[3]. Consequently, algorithms based purely on motor features may have limited clinical utility for detecting 
cognitive impairment in PD. 
Methods: We used language production errors and pausing to classify standardized reading passages (Grandfather 
Passage) and phonetically balanced sentence sets produced by individuals with PD (n = 35 language samples) and 
healthy controls (n=35). Language samples were manually annotated (in CHAT/CLAN) for word retrieval, 
morphology, and sound production errors. We included select language production markers shown previously to 
reflect cognitive impairment in PD [4]. Manually coded language data were used to train classifiers based on K-
Nearest Neighbor, ZeroR, decision tree, and multilayer perceptron approaches. 
Results: The K-Nearest Neighbor approach applied to a phonetically balanced set of 11 standardized sentences 
produced the most robust solution correctly classifying 87.5% of the sentence samples and 60.53% of the 
standardized reading passage samples. 
Conclusions: Acceptable classification of PD speakers was achieved using a language-feature based machine 
learning algorithm. While the work requires replication using larger samples, it is a promising first step for a 
machine learning algorithm sensitive to potential language markers of cognitive decline in PD. Such language-based 
algorithms can be important tools for remote monitoring of speech cognitive changes in PD. 
References: 1. Tröger, J., Linz, N., Alexandersson, J., König, A., & Robert, P. (2017). Automated speech-based 
screening for alzheimer’s disease in a care service scenario. In Proceedings of the 11th EAI International Conference 
on Pervasive Computing Technologies for Healthcare - PervasiveHealth ’17 (pp. 292–297). Barcelona, Spain: ACM 
Press. https://doi.org/10.1145/3154862.3154915 2. Nilashi, M., Ibrahim, O., Ahmadi, H., Shahmoradi, L., & 
Farahmand, M. (2018). A hybrid intelligent system for the prediction of Parkinson’s Disease progression using 
machine learning techniques. Biocybernetics and Biomedical Engineering, 38(1), 1–15. 
https://doi.org/10.1016/j.bbe.2017.09.002 3. Burke, D. M. (2002). Language Production and Aging. In S. Kemper & 
R. Kliegl (Eds.), Constraints on Language: Aging, Grammar, and Memory (pp. 3–27). Boston: Kluwer Academic 
Publishers. https://doi.org/10.1007/0-306-46902-2_1 4. Roberts, A. and Orange, J.B. Discourse in Lowy body 
spectrum disorder. (2013). In Pragmatics in Dementia Discourse, pp. 153-211, Eds. Boyd Davis and Jacqueline 
Guendouzi. Cambridge Scholars Publishing: Newcastle upon Tyne. 

This article is protected by copyright. All rights reserved.



 

1681 
Severe hypomimia in drug naïve Parkinson´s disease patients may predict mild cognitive impairment 
C. Gasca-Salas, L. Vela, J. Obeso (Móstoles, Spain) 
Objective: We aimed to analyze if hypomimia was associated with mild cognitive impairment in Parkinson´s 
disease  (PD-MCI) and if it predicted cognitive decline. 
Background: Hypomimia is a common clinical feature in PD. However, severity differs among patients. Specific 
axial symptoms such as postural instability are considered a risk factor for cognitive impairment, yet, facial 
expression has not been investigated as a potential marker of cognitive decline in PD. 
Methods: Data of drug naïve PD patients from the PPMI were included in the study. Five hundred and fifty-two 
patients were included in the analysis and classified according facial expression score (MDS-UPDRS 3.1 item). 
Differences between clinical and neuropsychological characteristics among groups were analyzed. In order to assess 
the association between more severe hypomimia and cognitive diagnosis at baseline and after three years of follow 
up, we performed a logistic regression analysis adjusted for potential confounders. 
Results: One hundred and sixteen patients (19.2%) scored 0; 305 (55.3%) patients scored 1; 129 (23.4%) scored 2, 
and 11 (2%) and 1 (0.02%) patients had a score of 3 and 4 respectively. Patients with a higher MDS-UPDRS 3.1 
score were older (p=0.001) and scored higher in the MDS-UPDRS-III (p<0.0001). PD symptoms duration and 
depression score did not differ among groups. Frequency of PD-MCI diagnosis was significantly higher in patients 
with more severe hypomimia (p<0.0001). Scores on attention, verbal memory and MoCA tests were significantly 
worse in these patients. Lower score on the facial expression item was associated with the diagnosis of PD-MCI 
(p=0.01, OR=1.93), and predicted conversion to PD-MCI or dementia in the PD-CN group after three years 
(p=0.014, OR=1.84) 
Conclusions: A higher degree of hypomimia in drug naïve PD might predict MCI in PD. These subjects should be 
monitored for the presence of cognitive impairment. 
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1682 
Procedural Memory Changes of Parkinson’s Disease Patients Post Participation in Boxing 
A. Ghaffar, R. Gallagher, C. McLeod, A. Leder (Old Westbury, NY, USA) 
Objective: Can participation in a Rock Study Boxing program improve procedural memory in people with 
Parkinson’s disease (PD)? 
Background: Procedural memory is important for daily function, such as when riding a bicycle.  Studies show that 
people with PD have deficits in procedural memory, in particular, motor procedural memory. In addition, there is a 
known relationship between procedural memory and exercise. Rock Steady Boxing (RSB) is a group exercise 
program geared specifically for people with Parkinson’s disease. A case series by Combs et al. shows improvements 
in quality of life, balance and gait after participation in RSB. However, the impact of RSB on memory, particular, 
procedural memory, has not been investigated. 
Methods: People with PD were divided into experimental; those who planned to attend RSB, and control groups; 
those who did not attend RSB.  To assess procedural learning, a modified Serial Reaction Time Task (modified 
script of Inquisit 5 Lab©) was used.  The task timed participants as they correctly identified 7 blocks of 10 stimuli. 
Determination of procedural learning was assessed by comparing reduction in response time over four identical 
“Learning” blocks, with response time when exposed to a random “Transfer” block. To date, re-assessments were 
performed pre and post 6 months, with planned re-assessments at 1 year. 
Results: Twenty-eight participants with PD; experimental (n= 14), control (n=14), participated in the study. Results 
show that in boxers, when exposed to random stimuli, a decrease in median reaction time of 27.3ms was found.  In 
non-boxing participants, an average 93.5ms increase in median reaction time was found. 
Conclusions: Participants in a RSB program showed improvements in reaction time during a procedural memory 
task when compared to non-boxers. This improvement might be attributed to the repetitive nature of RSB which 
involves committing a boxing punch combination to memory, then recalling and executing the 
combination.  Improvements in procedural learning may help people with PD in their daily function as many daily 
activities utilize procedural memories.  Future research should include a longer time frame for re-evaluation and a 
larger sample size.  A large randomized controlled trial would better evaluate the impact of RSB on procedural 
learning and its link to function. 
References: Mochizuki-Kawai H. “Neural Basis of Procedural Memory” Brain and Nerve. (2008), 60(7):825-832 
Mang, C. S., Snow, N. J., Wadden, K. P., Campbell, K. L., Boyd, L. A. “High-intensity aerobic exercise enhances 
motor memory retrieval.” Medicine and Science in Sports and Exercise 2016; 48: 2477-2486 Combs SA, Diehl MD, 
Staples WH, et al. “Boxing Training for Patients With Parkinson Disease: A Case Series.” Physical Therapy 2011; 
91: 132-142. Massano, J., and K. P. Bhatia. "Clinical Approach to Parkinson's Disease: Features, Diagnosis, and 
Principles of Management." Cold Spring Harbor Perspectives in Medicine (2012): Web. D. Muslimović, B. Post, J. 
D. Speelman, B. Schmand; “Motor procedural learning in Parkinson's disease.” Brain 2007; 11: 2887–2897 
Nieuwboer, A., Rochester, L., Muncks, L. & Swinnen, S. P. “Motor learning in Parkinson's disease: limitations and 
potential for rehabilitation.” Parkinsonism Relat. Disord. 2009; 15: S53–S58 Squire LR, Dede AJO. “Conscious and 
Unconscious Memory Systems.” Cold Spring Harbor Perspectives in Biology (2015): Web. Graybiel AM, Grafton 
ST. “The Striatum: Where Skills and Habits Meet.” Cold Spring Harbor Perspectives in Biology (2015): Web. P. 
Damier, E. C. Hirsch, Y. Agid, A. M. Graybiel. “The substantia nigra of the human brain: II. Patterns of loss of 
dopamine-containing neurons in Parkinson's disease.” Brain 1999; 1437–1448 Clark, G. M., Lum, J. A. G., & 
Ullman, M. T. “A meta-analysis and meta-regression of serial reaction time task performance in Parkinson’s 
disease.” Neuropsychology 2014; 28: 945-958. Robertson E. M. “The serial reaction time task: implicit motor skill 
learning?” J. Neurosci. 2007; 27: 10073–10075. 

1683 
Verbal Disfluencies in Parkinson´s Disease Spoken Discourse as a Function of Syntax Complexity 
S. Gutierrez, K. Aveni, A. Torani, A. Roberts (Evanston, IL, USA) 
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Objective: To evaluate the effects of syntax complexity on the frequency of verbal disfluencies in individuals with 
PD and healthy controls (HC) during spontaneous speaking tasks. 
Background: Cognitive impairments in PD can manifest as language problems [1, 2]. Individuals with PD also 
exhibit higher rates of verbal disfluencies (pauses, reformulations, sound/word repetitions). Researchers suggest that 
verbal disfluencies indicate language planning issues in PD [3-5]. However, few studies have directly tested this 
hypothesis. 
Methods: 19 PD (on-state; H&Y 2-3.5) and 19 HC without MCI/dementia completed a neuropsychology, motor 
speech, and spoken discourse battery. Language samples were collected using standardized picture sequences. 
Researchers blinded to group allocation orthographically transcribed and coded samples for verbal disfluencies and 
syntax complexity [6]. Frequency and type of verbal disfluency were analyzed using ANOVAs with group and 
syntax complexity (whether the disfluency occurred in a simple or complex sentence) as independent variables. 
Results: There were no group effects on words/minute, total utterances, speech intelligibility, or proportion of 
complex utterances, suggesting that the two groups did not differ on measures of language productivity or syntax 
complexity. Groups differed on the proportion of unfilled pauses (PD higher), p < .01. Both groups produced 
significantly more revisions, filled pauses (“uhm,” “uh”), p = .01, and sound/word repetitions, p = .01, in sentences 
with complex syntax structures. However, the non-significant interaction effect suggests that the impact of syntax 
planning did not differ between the groups. 
Conclusions: These results indicate that syntax planning demands affect PD and HC similarly, manifesting as 
verbal disfluencies vs. as syntax simplification or syntax errors. The clinical and theoretical implications of these 
findings for PD and typical aging will be discussed. We are currently investigating this aim in 160 PD individuals 
with and without MCI/dementia (ONDRI trial). 
References: 1. Murray, L. (2008). LANGUAGE AND PARKINSON'S DISEASE. Annual Review of Applied 
Linguistics, 28, 113-127. doi:10.1017/S0267190508080100 2. Roberts, A., & Post, D. (2018). Information Content 
and Efficiency in the Spoken Discourse of Individuals With Parkinson's Disease. Journal of Speech, Language, and 
Hearing Research, 61(9), 2259-2274. 3. McNamara, P., Obler, L. K., Au, R., Durso, R., & Albert, M. L. (1992). 
Speech monitoring skills in Alzheimer's disease, Parkinson's disease, and normal aging. Brain and Language, 42(1), 
38-51. 4. Illes, J., Metter, E. J., Hanson, W. R., & Iritani, S. (1988). Language production in Parkinson's disease: 
Acoustic and linguistic considerations. Brain and language, 33(1), 146-160. 5. Illes, J. (1989). Neurolinguistic 
features of spontaneous language production dissociate three forms of neurodegenerative disease: Alzheimer's, 
Huntington's, and Parkinson's. Brain and language, 37(4), 628-642. 6. Thompson, C. K., Shapiro, L. P., Tait, M. E., 
Jacobs, B., Schneider, S., & Ballard, K. (1995). A system for the linguistic analysis of agrammatic language 
production. Brain and Language, 51(1), 124-129. 

1684 
Comparing motor and neuropathological features of Parkinson's disease dementia and dementia with Lewy 
bodies 
D. Hansen, T. Lashley, J. Holton, T. Warner (London, United Kingdom) 
Objective: To compare motor and neuropathological features of Parkinson’s disease dementia (PDD) and dementia 
with Lewy bodies (DLB) and to determine clinical and neuropathological differences between PDD and DLB. 
Background: PDD and DLB are often called Lewy body dementias due to the number of overlapping clinical and 
neuropathological features. Clinically and in the research settings we can distinguish between them by using ‘1 year’ 
rule which is based on the temporal onset of dementia and parkinsonism. Identification of additional clinical and 
neuropathological differences might help to differentiate between these two disorders more clearly. 
Methods: This is an observational, retrospective clinico-pathological study. Subjects were brain donors from Queen 
Square Brain Bank. Clinical information was collected from clinical records of brain donors and neuropathological 
data were based on the neuropathological assessment of Lewy body and Alzheimer’s disease neuropathology. 
Results: 64 brain donors (52 PDD and 12 DLB) were included. 71.2% of PDD and 58.3% of DLB were men (p = 
0.492). Disease duration was significantly shorter in DLB than in PDD (p < 0.001). Age at disease onset was similar 
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in both groups (p = 0.052) as well as age at death (p = 0.141). Severity of parkinsonism at the time of dementia was 
significantly higher in PDD than in DLB (p < 0.001). Furthermore, PDD had significantly higher frequency of 
tremor (p = 0.017) and dyskinesia (p < 0.001) compared to DLB. Lifetime cumulative dose of levodopa was 
significantly higher in PDD than in DLB (p < 0.001). Neuropathological assessment showed that the majority of 
PDD and all DLB cases had neocortical stage of Lewy body pathology (p = 1.000) whereas the assessment of 
Alzheimer’s disease neuropathology showed significantly higher scores in DLB compared to PDD (B score, p = 
0.018; C score, p = 0.016). 
Conclusions: We found several clinical and neuropathological differences which help in the differentiation between 
PDD and DLB and in their better characterization. 
References: Walker Z, Possin KL, Boeve BF, Aarsland D. Lewy body dementias. Lancet. 2015;386(10004):1683-
97. 

1685 
Self-report of cognitive functional abilities is inaccurate in PD-MCI and PDD 
S. Holden, L. Medina, A. Simpson, B. Kluger (Aurora, CO, USA) 
Objective: Evaluate concordance between self-reported and performance-based measures of cognitive functional 
abilities in PD by cognitive class. 
Background: PD-specific cognitive functional questionnaires, the Penn Daily Assessment Questionnaire (PDAQ) 
[1] and PD-Cognitive Functional Rating Scale (PD-CFRS) [2], have been developed and rely on a knowledgeable 
informant. These scales are brief and easy to administer, but may be limited by lack of a caregiver or caregiver 
burden or mood. Self-report on these scales could potentially supplement informant-based responses, especially in 
earlier stages of cognitive decline. 
Methods: 110 PD participants completed the PDAQ and PD-CFRS independently, as well as a performance-based 
assessment of cognitive functional abilities (UCSD Performance-Based Skills Assessment (UPSA)). Complete 
neuropsychological battery and functional interview were administered; cognitive classification (PD-normal 
cognition (PD-NC), PD-MCI or PDD) was determined by consensus conference, utilizing MDS Level II criteria 
[table1]. 
Results: Self-report PDAQ and PD-CFRS scores correlated with UPSA overall (r=0.57, p<0.001; r=-0.61, p<0.001, 
respectively) and in PD-NC (r=0.35, p=0.006; r=-0.4, p=0.001, respectively), but not in PD-MCI (r=0.37, p=0.1; r=-
0.3, p=0.18, respectively) or PDD (r=0.19, p=0.35; r=-0.39, p=0.051, respectively) [figure1 & 2]. Self-report scores 
on both scales significantly differed between PD-NC and any cognitive impairment (PD-MCI or PDD) (PDAQ: 
mean diff=9.7, p<0.001; PD-CFRS: mean diff=3.0, p<0.001). Self-report PDAQ scores significantly differed 
between PD-NC and PD-MCI specifically (mean diff=4.5, p=0.03), but not for PD-CFRS (mean diff=0.4, p=0.5). 
Self-report PDAQ and PD-CFRS correlated strongly with one another (r=-0.75, p<0.001), a correlation that held in 
all cognitive groups (PD-NC: r=-0.82, p<0.001; PD-MCI: r=-0.67, P<0.001; PDD: r=-0.51, p=0.009) [figure3]. 
Multivariately, no demographic or clinical variables significantly affected this relationship. 
Conclusions: Self-report of cognitive functional abilities is accurate in PD-NC, but inaccurate in PD-MCI and PDD 
using the PDAQ and PD-CFRS. Self-report scores on PDAQ could distinguish PD-NC from PD-MCI, but not those 
on PD-CFRS. Self-report PDAQ and PD-CFRS scores correlated strongly with one another in all cognitive groups. 
Self-report measures of cognitive functional ability should be avoided in PD with cognitive impairment of any 
severity. 
References: 1. Brennan L, Siderowf A, Rubright JD, Rick J, Dahodwala N, Duda JE, Hurtig H, Stern M, Xie SX, 
Rennert L, Karlawish J, Shea JA, Trojanowski JQ, Weintraub D. The Penn Parkinson's Daily Activities 
Questionnaire-15: Psychometric properties of a brief assessment of cognitive instrumental activities of daily living 
in Parkinson's disease. Parkinsonism Relat Disord 2016;25:21-6. 2. Kulisevsky J, Fernandez de Bobadilla R, 
Pagonabarraga J, Martinez-Horta S, Campolongo A, Garcia-Sanchez C, Pascual-Sedano B, Ribosa-Nogue R, Villa-
Bonomo C. Measuring functional impact of cognitive impairment: validation of the Parkinson's disease cognitive 
functional rating scale. Parkinsonism Relat Disord 2013;19:812-7. 
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1686 
Complement C3a receptor antagonist attenuates tau hyperphosphorylation via glycogen synthase kinase 3β 
signaling pathways 
J.J. Hu, T. Wang (wuhan, China) 
Objective: To investigate the role and mechanism of C3a receptor in okadaic acid（OA) induced SH-SY5Y cells 
tau hyperphosphorylation model 
Background: Neurofibrillary tangles aggregated from hyperphosphorylated tau protein are the main pathological 
feature of Alzheimer's disease (AD). Complement C3 (or C3a) is the core component of the complement system and 
is associated with AD pathological processes. Although C3/C3a receptors have been proved to participate in Aβ 
plaque pathology, effects on tau phosphorylation remain unclear. 
Methods: SH-SY5Y cells were pretreated with C3a receptor antagonist SB290157 or control for 24 h and then 
exposed to OA for 12 h. SiRNA interference were performed by treating the cells with with C3aR SiRNA or control 
SiRNA. After transfection, SHSY5Y cells were exposed to OA. After these treatments, cells were used for 
biochemical analysis. 
Results: In this study, we found that exposure of SH-SY5Y cells to okadaic acid (OA) decreased cell viabilities and 
induced tau hyperphosphorylation. These effects were alleviated by C3a receptor antagonist SB290157 and were 
further validated by C3a receptor siRNA in OA-treated SH-SY5Y cells. In addition, our results demonstrated that 
SB290157 markedly inhibited the activities of glycogen synthase kinase 3β (GSK3β), but had no effect on protein 
phosphatase 2A C subunit (PP2Ac) and cyclin-dependent kinases 5 (CDK5). 
Conclusions: Our findings here indicate the role of the C3a receptor in regulating tau phosphorylation via GSK3β 
signaling pathways and suggest that the C3a receptor may be a viable target for treating AD. 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

1687 
Baseline hyposmia and RBD symptoms are associated with faster, but differential, cognitive decline at 2 years 
in the PPMI study 
V. Irzhevsky, M. Yang, Z. Xiao, G. Nomikos (Cambridge, MA, USA) 
Objective: To explore the potential role of baseline hyposmia and RBD symptoms on progression of cognitive 
decline at 2 years. 
Background: Cognitive decline in PD patients progresses at a slow rate from the early stages of the disorder. 
Identification of subpopulations that experience faster decline in select cognitive domains will provide important 
information on the design of future clinical trials in prodromal/early PD. 
Methods: PPMI is an ongoing observational clinical study that enrolled 423 early PD, treatment naive subjects 
(within 2 years of diagnosis); their data were downloaded from the PPMI website in June 2017. At baseline, 
hyposmia is defined as having an UPSIT score ≤27 for female and ≤24 for male subjects. RBD (REM sleep 
behavior disorder) is defined by a baseline score of ≥6 on the RBD Questionnaire. Changes in MoCA and its 
subscales, SDMT (Symbol Digit Modality Test), LNS(Letter Number Sequencing), HVLT (Hopkins Verbal 
Learning Test) Recall and HVLT Recognition by 24 months were analyzed in a Mixed Model for Repeated 
Measures (MMRM) model, adjusted for baseline score of the corresponding scale/subscale, as well as gender, age, 
disease duration, education baseline RBD or hyposmia status (where appropriate) and baseline MDS-UPDRS score. 
Results: Among the 416 PD evaluable subjects, 265(64%) had hyposmia and 104(25%) had RBD at baseline. 
Presence of hyposmia at baseline is associated with significantly worse of performance on the MoCA Attention 
subscale, SDMT, Letter Number Sequencing and HVLT Recall at 2 years, while positive RBD status at baseline is 
linked to significantly lower scores on MoCA Visuospatial/Executive, Abstraction and Orientation subscales, as 
well as HVLT Recall. 
Conclusions: Both hyposmia and RBD are important risk factors associated with faster decline on measures of 
cognitive functioning in early PD patients. 
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1688 
Visuospatial dysfunction correlates with severity of postural instability/gait disturbance symptoms in 
parkinson's disease 
H. Jeong, H. Kang (Changwon, Republic of Korea) 
Objective: Investigate the relationship between global and specific cognitive functions and PIGD symptoms in 
Parkinson’s disease 
Background: It is well known that cognition and motor symptoms worsen as Parkinson's disease progress1,2, but 
the relationship between specific cognitive domains and postural instability/gait disturbance (PIGD) symptoms are 
not clear. 
Methods: Eighty one patients with Parkinson’s disease were recruited from March of 2016 to September of 2018. 
Among participants, 45 patients of them completed the detail neuropsychological tests (SNSB-II), including global 
cognition, attention, language, visuospatial, memory, and executive function. Motor symptoms were measured using 
the Unified Parkinson’s Disease Rating Scale (UPDRS) part III and modified Hoehn-Yahr stage (mHY). Using pull 
test, the patients were divided into two groups (PIGD-, PIGD+). Patients without postural instability were classified 
as PIGD- group, and patients with postural instability were classified as PIGD+ group. A Mann-Whitney test was 
performed to compare demographics and cognitive profiles between the two groups. Correlation analyses were 
performed to assess the relationship between cognition and PIGD symptoms with adjusting for age, disease duration 
and education. 
Results: Thirty patients were classified as PIGD- group and 15 were as PIGD+ group. Patients in PIGD+ group 
were older, had a long disease duration, and had higher levodopa equivalent doses (LEDD). Parkinsonian motor 
symptoms were worse in PIGD+ group. Rey Complex Figure test (RCFT) copy, Seoul Verbal Learning test(SVLT) 
delayed recall, SVLT_recognition and stroop test_word reading domains were significantly impaired in PIGD+ 
group (Table 1). After adjusting for age, disease duration and education, RCFT copy was associated with greater 
postural instability/gait disturbance (r=-0.555, p=0.040). 
Conclusions: Visuospatial, memory and executive functions were impaired in patients with Parkinson’s disease 
with PIGD symptoms. Also, visuospatial dysfunction was correlated with more severe PIGD symptoms. Based on 
the results, visuospatial dysfunction should be considered when developing PIGD compensatory strategies in 
patients with Parkinson’s disease. 
References: Verbaan D, Marinus J, Visser M, et al. Cognitive impairment in Parkinson's disease. J Neurol 
Neurosurg Psychiatry. 2007 Nov; 78(11):1182-7. Bohnen NI, Albin RL. The cholinergic system and Parkinson 
disease. Behav Brain Res. 2011 Aug 10; 221(2):564-73. Kelly, V. E., et al. "Association of cognitive domains with 
postural instability/gait disturbance in Parkinson's disease." Parkinsonism & related disorders 21.7 (2015): 692-697. 

1689 
The Association between Cognition and Balance in idiopathic Parkinson’s Disease 
S.H. Jung, L. King, M. Mancini, P. Carlson-Kuhta, R. Morris, J. Nutt, F. Horak (Seoul, Republic of Korea) 
Objective: To investigate whether balance function is associated with cognitive function in patients with idiopathic 
Parkinson’s disease (iPD) and to compare the association between freezers (FOG+) and non-freezers (FOG-) 
Background: Balance deficit is a major problem in patients with iPD and deficits in balance are known to be 
associated with more impaired cognition. Therefore, it is important to investigate if there is an association with 
balance and cognitive function in subjects with iPD. 
Methods: We conducted an observational cross-sectional study. Participants included 146 subjects diagnosed with 
iPD and 78 healthy control subjects (HC). Subjects with iPD were classified as FOG+ or FOG-. Clinical information 
was obtained about disease duration, history of falls, Hoehn and Yahr scale (HYS), Unified Parkinson's Disease 
Rating Scale (UPDRS), new freezing of gait scale, and Activities-specific Balance Confidence Scale. Balance 
function was assessed using mini Balance Evaluation Systems Test (Mini-BESTest). Cognitive function was 
evaluated using Montreal Cognitive Assessment (MoCA), SCales for Outcomes in PArkinson's disease-COGnition 
(SCOPA-COG), and individual cognitive tests such as Trail Making Test (TMT), Stroop test, Go/No-Go test, 
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Flankers test, Shifting test and Judgment of Line Orientation (JoLO). Partial correlations and multivariate linear 
regression analysis were used to determine independent associations for all subjects with iPD and for FOG+ and 
FOG-. 
Results: Partial correlation analysis controlling for age, disease duration and disease severity using HYS showed 
lower SCOPA-COG score and longer TMT B time were significantly associated with lower Mini-BESTest score in 
FOG+ and longer TMT A time was significantly associated with lower Mini-BESTest score in FOG-. Multiple 
linear regression analysis showed that UPDRS III score, age, and TMT B time are significant factors contributing to 
balance function in subjects with iPD. 
Conclusions: Cognitive function is significantly associated with balance function in subjects with iPD. TMT B time 
is a main factor contributing to Mini-BESTest score in subjects with iPD. The association between cognitive and 
balance function differs in FOG+ and FOG-. 
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1690 
The comparison of cognitive function between normal and abnormal FDG-PET in non-demented Parkinson’s 
disease 
S.J. Kim, E.J. Chung (Busan, Republic of Korea) 
Objective: The aim is to compare the cognitive function between normal and abnormal FDG-PET in non-demented 
Parkinson’s disease (PD). 
Background: PD with mild cognitive impairment (PD-MCI) patients exhibited reduced FDG uptake in the parietal 
and occipital lobes and in localized areas of the frontal and temporal lobes compared with controls, whereas PD with 
dementia (PDD) showed a widespread reduction of cortical metabolism. 
Methods: Twenty seven PD patients performed the FDG-PET. Nine patients showed normal FDG-PET. Eighteen 
patients showed abnormal hypometabolism. Cognitive function of PD were evaluated by using three brief screening 
tools such as mini-mental state examination (MMSE), Montreal Cognitive Assessment (MoCA) and Frontal 
assessment battery (FAB). 
Results: Hypometabolism was revealed in the parietooccipitotemporal lobes, caudate nucleus and medial frontal 
lobes, and thalamus. PD patients with hypometabolism showed statistically significant lower scores in MMSE (p = 
0.02), MoCA (p = 0.0245) and FAB (p = 0.0427) compared to those of PD with normal FDG-PET. In subitems 
analysis, a language of MMSE (p = 0.0201) and MoCA (p = 0.0252), an orientation of MMSE (p = 0.0426), and a 
memory of MoCA (p = 0.0371) showed significant differences between PD with normal and abnormal metabolism. 
Conclusions: Like previously established reports, PD patients with hypometabolism showed more severe cognitive 
impairment than PD with normal metabolism. Language and memory including orientation domains in both MMSE 
and MoCA showed significantly low score. Contrast to MoCA and MMSE, any subitems of FAB did not showed 
significant differences between 2 groups. This point showed the limitation of the FAB as a screening assessment in 
the cognitive function of PD. 
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1693 
Neurocognitive changes post-bilateral globus pallidus interna DBS for Parkinson’s disease with autologous 
sural nerve graft to the substantia nigra or nucleus basalis of Meynert 
L. Koehl, E. Wallace, J. Quintero, F. Schmitt, C. van Horne (Lexington, KY, USA) 
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Objective: To determine cognitive safety of globus pallidus interna (GPi) deep brain stimulation (DBS) in 
Parkinson’s disease (PD) patients receiving autologous sural nerve grafts to either the substantia nigra (SN) or 
nucleus basalis of Meynert (NBM). 
Background: DBS is a standard of care treatment for PD resulting in improved motoric symptoms and quality of 
life. Relative to subthalamic nucleus (STN) DBS, GPi DBS typically results in better outcomes for cognitively 
comprised patients. Typical post-surgery changes include reduced verbal fluency, memory, and verbal processing 
speed. The current pilot study examined whether dopaminergic neurons can be regenerated via sural nerve graft 
implantation during GPi DBS. Current results assess the safety of this novel procedure and examine postoperative 
cognitive decline for two target sites: SN and NBM. 
Methods: Pre- and post-surgical cognitive data were analyzed for 14 patients with bilateral GPi DBS plus unilateral 
SN graft and 7 patients with bilateral GPi DBS plus unilateral NBM graft. Notably, GPi plus SN evaluations were 
on average 22.31 months post-surgery (SD = 4.57) while GPi plus NBM evaluations were on average 12.4 months 
post-surgery (SD = 3.05). Paired sample t-test and Cohen’s d effect sizes were calculated. 
Results: GPi DBS plus SN patients showed moderate declines in phonemic fluency (FAS t = 2.95, p < .05; d = 0.50) 
and working memory (WAIS-IV Digit Span, t = 3.46, p < .01; d = 0.76) and small declines in verbally mediated 
processing speed (Stroop Color, t = 2.24, p < .05; d = 0.41). No significant changes were noted in GPi DBS plus 
NBM; only phonemic fluency neared significance (FAS t = 2.295; p = 0.061). 
Conclusions: GPi plus SN showed worsened phonemic fluency, auditory working, and verbal processing speed 
consistent with STN DBS literature but somewhat larger than standard GPi DBS. GPi NBM patients did not 
evidence significant cognitive changes. Overall, results indicate initial safety evidence as sural nerve grafts do not 
likely add incremental cognitive change compared to standard DBS. NBM results show particular robustness and 
should be further examined for longitudinal change, as results suggest stabilization of cognitive abilities. 

1694 
Bodily and Facial Emotion Recognition in Parkinson’s Disease  
Z. Kosutzka, P. Brandoburova, I. Straka, V. Veronika, P. Valkovic, M. Hajduk (Bratislava, Slovakia) 
Objective: The aim of the current study is to directly compare performance in recognition of facial and bodily 
emotions. 
Background: Patients with Parkinson´s disease (PD)  show impaired ability to recognize emotions which may lead 
to difficulties in social functioning. Emotion recognition from faces is impaired, even though, contradictory results 
have been reported [1]. Ability to recognize emotions solely from static bodily expressions is largely understudied 
area. 
Methods: Twenty-six non-demented patients with mild to moderate PD on dopamine replacement therapy and 27 
age-, gender- and education-matched healthy controls were recruited. Penn Emotion Recognition Test (ER-40) was 
used to evaluate facial emotions recognition. For body expressions, we constructed a complementary test (BR-40) 
using the stimulus set with body emotions with a blurred face of the actor. Both tasks were composed of 40 pictures 
including expressions of 4 emotions (anger, fear, happiness, and sadness) and neutral emotion presented in 
randomised order. All participants were also tested with a comprehensive neuropsychological battery and rated with 
MDS-UPDRS by a movement disorder specialist. Student T-test was used for group comparison and repeated 
measures analysis of variance for individual emotions was applied. 
Results: We found significant differences in the recognition of emotions from bodies between PD patients and 
healthy controls (t=2.168, p=0.035, d=0.608). Interestingly, differences in facial expressions between groups did not 
reach statistical significance(t=1.913, p=0.062, d=0.537). We did not find interactions between groups and type of 
emotions, thus based on our results, both groups share similar pattern of performance. Nevertheless, the accuracy of 
emotion recognition for particular emotions varied across types (sadness from bodily emotions was the most 
misidentified in PD) . Face and bodily emotion recognition was significantly associated with deficits in various 
aspects of neurocognition in PD. Neither ER-40 nor BR-40 correlated with clinical parameters of PD (disease 
duration, MDS-UPDRS, levodopa equivalent doses). 
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Conclusions: We found that for patients with PD, bodily emotions are more difficult to recognize with clear deficit 
in this ability. Cognitive functioning is important for sucessful recognition of emotions across modalities (face and 
body). 
References: Argaud, S., et al., Facial emotion recognition in Parkinson's disease: A review and new 
hypotheses.Mov Disord, 2018. 33(4): p. 554-567. 

1695 
Mild Cognitive Impairment in Parkinson’s disease in South Indian population – Development of a test 
battery and assessment of prevalence and characteristics 
S. Krishnan Nair, R. Ramesh, G. Sarma, D. Puthenveedu, R. Menon, A. Kishore (Thiruvananthapuram, India) 
Objective: We aimed to design a neuropsychological test battery to diagnose Mild Cognitive Impairment (MCI) and 
to estimate the prevalence of MCI in Malayalam-speaking patients with Parkinson’s disease (PD) from South India. 
Background: MCI is common in PD and a risk factor for PD-Dementia. Guidelines for diagnosis of PD-MCI have 
been published. [1] However, a comprehensive test battery as per published guidelines is currently unavailable for 
use in South Indian population speaking Malayalam, numbering around 40 million.  There is also little data on the 
prevalence of MCI among Indian PD patients. 
Methods: We designed a test battery comprising of two neuropsychological tests in Malayalam in each of the five 
cognitive domains, namely attention and working memory, executive functions, language, memory and visuospatial 
functions. Normative data from 50 healthy volunteers was used to decide cut-off scores for defining PD-MCI. The 
test battery was applied to 170 consecutive non-demented patients with PD to estimate the prevalence and 
characteristics of PD-MCI. 
Results: Healthy volunteers and patients did not differ significantly with regard to age or level of education. 50 
(29.4%) of the patients were found to have PD-MCI. Among the patients with PD-MCI, multi-domain involvement 
was seen in 43 and the rest had involvement of only one domain. Executive function, followed by memory were the 
most common domains affected. Patients with MCI were older (57.8 ± 8.3 years Vs 54.9 ± 8.6 years; p= 0.04), had 
longer duration of motor symptoms (9.3 ± 2.7 years Vs 5.0± 3.0 years; p <0.01) and lower MoCA scores (23.8 ± 2.8 
Vs 26.6 ± 2.1; p <0.01) compared to those without. 
Conclusions: We designed a neuropsychological test battery to diagnose PD-MCI in Malayalam speaking South 
Indian population. The prevalence of PD-MCI estimated with the battery is comparable to that reported from other 
populations. Multi-domain involvement was seen in the majority with MCI. Patients with PD-MCI   performed 
poorer on the Malayalam version of MoCA, one among the most widely used cognitive screening tests for PD. 
References: 1. Litvan I, Goldman JG, Tröster AI, et al. Diagnostic criteria for mild cognitive impairment in 
Parkinson's disease: Movement Disorder Society Task Force guidelines. Mov Disord 2012; 27:349-356. 

 

1697 
Correlation between striatal CIT uptake and Mini-Mental State Examination in Parkinson’s disease 
O.D. Kwon, S.G. Park, S.B. Lee, J.A. Park (Daegu, Republic of Korea) 
Objective: This study was performed to identify any relationship between the amount of decline of receptor uptake 
of CIT and Mini-Mental State Examination(MMSE) score in Parkinson’s disease. 
Background: Dopamine receptor imaging is useful in the diagnosis of Parkinson’s disease. We want to know 
whether the degree of striatal uptake of CIT can expect the degree of cognitive decline in patients with Parkinson’s 
disease. 
Methods: Fifty-one patients with Parkinson’s disease were recruited from the CIT-PET registry of Daegu Catholic 
University Medical Center. Diagnosis of Parkinson’s disease was based on United Kingdom Parkinson’s Disease 
Brain Bank Criteria and the result of CIT-PET. The striatum was divided into 4 parts; right caudate nucleus, left 
caudate nucleus, right putamen, left putamen. Uptake of CIT were measured with visual assessment by a nuclear 
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physician and the scores were summed in each patient. Cognitive symptoms were measured with MMSE by 
neuropsychologist. We investigated any correlation between the sum of CIT uptake and the score of the cognitive 
screening using statistical analysis. 
Results: There was a positive correlation between the decline of CIT uptake and MMSE score(P<0.05). 
Conclusions: We found decline of striatal CIT uptake may have correlation with cognitive dysfunctions in patients 
with Parkinson’s disease. 
References: [1]. Jin, S., Oh, M., Oh, S. J., Oh, J. S., Lee, S. J., Chung, S. J., . . . Kim, J. S. (2013). Differential 
Diagnosis of Parkinsonism Using Dual-Phase F-18 FP-CIT PET Imaging. Nucl Med Mol Imaging, 47(1), 44-51. [2]. 
Kasten, M., Bruggemann, N., Schmidt, A., & Klein, C. (2010). Validity of the MoCA and MMSE in the detection of 
MCI and dementia in Parkinson disease. Neurology, 75(5), 478; author reply 478-479. 

1698 
Cognitive ability characterization of rat model with mutated alpha-synuclein overexpression 
C. LALOUX, C. Lachaud, K. Timmerman, E. Bezard, R. Bordet, D. Devos (Lille, France) 
Objective: The present study aims to assess cognitive function in a rat model of mutated alpha-synuclein 
overexpression in order to determine whether this model can be relevant to study early cognitive alterations in 
Parkinson's disease (PD). 
Background: One third of PD patients suffer from cognitive impairments, sometimes preceding the classical motor 
symptoms, which has consequences for the patient’s quality of life. A recent model of AAV-mediated 
overexpression of mutated alpha-synuclein in midbrain showed a progressive dopaminergic neurodegeneration 
associated with PD motor symptoms (Bourdenx et al, 2015). This progresssive model can be interesting to study 
early cognitive alterations in PD. 
Methods: Twenty-four male adult Sprague Dawley rats were included in the cognitive function test (French ethical 
committee authorization). AAV2/9 vectors carrying the human mutant p.A53T alpha-synuclein were injected into 
both substantia nigra of fourteen rats and AAV-GFP marker in ten rats (as controls). A comprehensive behavioral 
battery of tests was performed every 4 weeks for motor skills, anxiety, working memory and object recognition for 4 
months. In parallel, touchscreen based operant tasks were performed for visual discrimination (Pictures 
discrimination task) and attention processes (5-choices serial reaction time). 
Results: Behavioral parameters analysis revealed that AAV-hα-syn injections did not induce global locomotor 
alteration but affected sensorimotor skills within the first month. The spontaneous alternation and the novel object 
recognition tests remained in the normal range suggesting no early and major working or recognition memories 
alteration; however anxious behavior was detected within the first 2 months on the elevated plus maze and the open-
field tests. Analysis of touchscreen based operant conditioning tasks revealed that AAV-hα-syn injected rats 
presented attentional deficits and visuo-spatial discrimination alterations. Response on the tactile screen and food 
collection latencies were delayed as compared to control rats but trial number performed and sucrose appetence for 
the liquid reward were not affected. 
Conclusions: The early anxiety, attention and visuospatial alteration observed in this nigral hm- p.A53T alpha-
synuclein rat model provide a relevant opportunity to explore underlying physiopathological mechanisms and 
propose potential therapeutic target to improve PD patient’s quality of life. 
References: Bourdenx M, Dovero S, Engeln M, Bido S, Bastide MF, Dutheil N, Vollenweider I, Baud L, Piron C, 
Grouthier V, Boraud T, Porras G, Li Q, Baekelandt V, Scheller D, Michel A, Fernagut PO, Georges F, Courtine G, 
Bezard E, Dehay B. Lack of additive role of ageing in nigrostriatal neurodegeneration triggered by α-synuclein 
overexpression. Acta Neuropathol Commun. 2015 Jul 25;3:46. 

1699 
Identifying delirium in people with Parkinson’s disease: the Determine-PD pilot study 
R. Lawson, S. Richardson, A. Yarnall, D. Burn, L. Allan (Newcastle upon Tyne, United Kingdom) 
Objective: To identify the prevalence of delirium in inpatients with Parkinson’s disease (PD). 
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Background: People with PD may be at increased risk of delirium and associated adverse outcomes, such as 
cognitive decline and increased mortality. Delirium is an acute neuropsychiatric syndrome associated with altered 
levels of consciousness, confusion and impaired attention. Previous studies may have underestimated the prevalence 
of delirium in due to poorly defined criteria and not addressing overlapping symptoms with PD and PD dementia. It 
is important to understand the prevalence of delirium and identify patients who may be at increased risk of delirium. 
Methods: Over four-months, people with PD admitted to hospitals in Newcastle upon Tyne were invited to take 
part. Delirium point prevalent was classified using a standardised assessment at a single visit based on Diagnostic 
and Statistical Manual of Mental Disorders 5th Edition (DSM-5) criteria. Frailty was measured using the Clinical 
Frailty Scale. To capture their remaining time in hospital, incident delirium was diagnosed using detailed clinical 
vignettes compiled from participants’ medical notes and a validated consensus method. 
Results: We screened 127 admissions; n=44 patients consented to take part in the study, accounting for 53 
admissions. Forty-eight (90.6%) were emergency admissions. The admitting team screened 24.5% admissions for 
delirium and identified three cases. The point prevalence of delirium using the DSM-5 assessment identified 
delirium in 34.0% (n=18) of admissions a mean of 39.7±30.7 hours after admission. Reviewing participants over the 
duration of their hospital stay using the consensus method identified 30 (56.6%) incident delirium cases. Cases with 
delirium were significantly older, had higher frailty scores, higher C-reactive protein concentrations and a longer 
hospital stay (p<0.05 for all). 
Conclusions: We found that delirium was common in inpatients with PD, although less than a quarter of admissions 
had a delirium screening by the admitting team. Participants with delirium were older, frailer and spent longer in 
hospital. As delirium occurred in more than half of cases and is associated with poor outcomes, our results highlight 
the importance of screening for delirium throughout patients’ stay in hospital. Future studies should consider 
multiple visits over the duration of hospital stay to identify delirium that develops during the admission. 

1700 
Neuropsychological changes over the first 6 years of Parkinson’s disease in the ICICLE-PD cohort 
R. Lawson, G. Duncan, T. Khoo, D. Breen, M. Camacho, C. Williams-Gray, R. Barker, L. Rochester, D. Burn, A. 
Yarnall (Newcastle upon Tyne, United Kingdom) 
Objective: To determine the longitudinal differences in cognitive tests in participants with Parkinson’s disease 
(PD), and the neuropsychological tests most sensitive to change over and above ageing. 
Background: Cognitive impairment is common in PD, with 80% cumulatively developing dementia (PDD) over 20 
years. However, it is unclear which neuropsychological tests are most sensitive to change over time in PD, which are 
predictive of dementia, and how this differs to ageing. 
Methods: Newly diagnosed PD patients (n=212) and age matched controls (n=99) completed a schedule of clinical 
and neuropsychological tests as part of the ICICLE-PD study and returned at 18 month intervals over 72 months. 
Global cognition was measured using the Montreal Cognitive Assessment (MoCA). Detailed cognitive assessments 
of executive function, attention and memory were completed, comprising verbal fluency scores and selective tests 
from the Cambridge Neuropsychological Test Automated Battery (CANTAB) and Cognitive Drug Research (CDR) 
computer tests. Changes in cognition across time points were determined using linear mixed effects models, 
adjusting for age, sex, years of education, depression and motor severity. 
Results: At 72-month evaluation, 105 (49.6%) PD subjects and 66 (66.7%) returned. Cumulatively 45 (21.2%) 
participants developed PDD. Non-completing participants were significantly older, had higher baseline motor 
severity and lower baseline MoCA scores (p<0.05 for all). Adjusting for covariates, PD participants’ rate of change 
was significantly faster than controls for global cognition, phonemic and semantic fluency scores, choice reaction 
time (CRT), CRT accuracy and power of attention (p<0.05 for all). PD subjects showed significant changes over 
time in global cognition, phonemic and semantic fluency scores, mean CRT, attention variability and continuity of 
attention (p<0.05 for all). Comparing rate of change in participants who did and did not develop PDD, PDD had a 
significantly faster rate of decline in global cognition, verbal fluency, memory, CRT, attention accuracy and 
attentional variability (p<0.05 for all). 
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Conclusions: Selected measures for global cognition, executive function and attention were sensitive to change in 
PD subjects over time, independent of normal ageing. Our findings suggest that future studies should consider using 
specific verbal fluency and CDR attention tests to detect changes in PD subjects. 

1701 
Using Brain Atrophy and Visual Dysfunction to Predict Dementia in Parkinson’s Disease 
L.-A. Leyland, R. Mahmood, R. Weil (London, United Kingdom) 
Objective: To identify areas of regional volume loss in structural brain images relating to poorer visual function and 
risk of dementia in Parkinson’s Disease (PD). 
Background: Dementia affects 50% of people with PD within 10 years of diagnosis. No robust measures to identify 
patients at high risk exist. We have previously shown that visuo-perceptual deficits are linked with cognitive 
involvement in PD1. Conventional techniques to measure cortical atrophy are insensitive in PD. We examined 
visuo-perceptual measures alongside a newly described technique for measuring cortical volumes, namely 
Geodesical Information Flows (GIF). We relate these scores to risk of dementia in PD. Using these techniques, we 
expected PD patients at high risk of dementia to have poorer vision scores and atrophy within occipital and posterior 
parietal regions. 
Methods: In our study 109 PD patients and 37 age-matched controls were included. Participants underwent detailed 
neuropsychology, visuo-perceptual measures (e.g., cats and dogs task1), assessment of PD (MDS-UPDRS), and T1 
structural MRI scans. Risk of cognitive involvement was calculated using a clinical algorithm (combining age at 
onset, MMSE, education, motor score, gender, depression)2. GIF analysis parcellated T1 images tissue segmentation 
techniques employing probabilistic features3, creating regions of interest to investigate whether cortical atrophy 
differs between high and low dementia risk PD patients and healthy controls. 
Results: Age did not differ between PD patients (64.3±7.8 years) and controls (66.1±9.4 years). 52 people with PD 
were assigned as low risk, based on a median split of the risk score2, and 57 were high risk. Average disease 
duration was 4.1±2.5 years and did not differ between high and low risk patients. There was no difference in gender, 
motor, sleep or olfaction scores or levodopa dose between patients that were high versus low-risk for developing 
dementia. Region atrophy measures from GIF analysis, focusing on posterior parietal and occipital regions, in PD 
patients at high and low risk of dementia as well as those who had good and poor visual function will be presented. 
Conclusions: Visual testing including visuo-perception and atrophy measures via GIF analysis may have potential 
to identify patients at risk of dementia in PD. This is important for future stratification of patients at risk of dementia 
onto tailored treatment programs. 
References: 1. Weil, R.S, Schwarzkopf D.S., … et al. (2018). Assessing cognitive dysfunction in Parkinson’s 
disease: An online tool to detect visuo-perceptual deficits. Movement Disorders, 33, 544-553. DOI: 
10.1002/mds.27311 2. Liu, G., Locascio, J. J., Corvol, J.-C., Boot, B., Liao, Z., Page, K., … et al. (2017). Prediction 
of cognition in Parkinson’s disease with a clinical-genetic score: a longitudinal analysis of nine cohorts. The Lancet 
Neurology, 16, 620–629. DOI:10.1016/S1474-4422(17)30122-9. 3. Cardoso, M. J., Modat, M., Wolz, R., 
Melbourne, A., Cash, D., … et al. (2015). Geodesic Information Flows: Spatially-Variant Graphs and Their 
Application to Segmentation and Fusion. IEEE Transactions on Medical Imaging, 34, 1976-1988. DOI: 
10.1109/TMI.2015.2418298 

1702 
Visual dysfunction and retinal thinning predict dementia risk in Parkinson’s disease 
L.-A. Leyland, F. Bremner, R. Mahmood, S. Hewitt, M. Durteste, M. Cartlidge, M. Lai, L. Miller, A. Saygin, P. 
Keane, A. Schrag, R. Weil (London, United Kingdom) 
Objective: We assessed the role of visual measures and retinal volume (in dopaminergic layers: ganglion cell layer 
(GCL) and inner plexiform layer (IPL)) to predict risk of Parkinson’s disease (PD) dementia. 
Background: Dementia is a common and devastating effect of PD. Identifying quantitative measures to detect and 
track cognitive change is important for trials to prevent Parkinson’s dementia. 
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Methods: In this cohort study we collected visual, cognitive and motor data in patients with PD. Participants 
underwent ophthalmic examination, retinal imaging using optical coherence tomography (OCT), and visual 
assessment including acuity and contrast sensitivity and high-level visuo-perception measures of skew-tolerance and 
biological motion. Detailed neuropsychology and assessment of PD were also performed. We assessed risk of PD 
dementia using a recently described algorithm that combines age at onset, gender, depression, motor scores and 
baseline cognition. Researchers performing OCT analysis were blinded to dementia risk scores. We compared visual 
measures in PD with controls, and PD patients at high- versus low-risk of dementia. We also correlated risk of 
dementia with clinical and visual measures. 
Results: 112 patients with PD and 35 unaffected controls were included in the study. Mean disease duration was 4.1 
(±2.5) years. None of these patients had dementia. Poorer performance in visual measures was associated with 
higher risk of dementia (acuity: R2=0.14, p<0.0001; contrast sensitivity: R2=.27, p<0.0001; skew tolerance: R2 = 
0.16, p<0.0001 and biological motion: R2=0.18, p<0.0001).  Retinal structure, measured as GCL and IPL thinning 
were associated with higher risk of PD dementia (R2=0.11, p=0.00063, R2 = 0.12, p=0.00029). These relationships 
were not seen for the retinal nerve fibre layer that does not contain dopaminergic cells and were not seen in 
unaffected controls. 
Conclusions: Our findings suggest that visual measures and retinal GCL and IPL volumes may be useful to predict 
risk of developing dementia in PD. 

1703 
Computerized cognitive test profile of 100 patients with and without Amyloid beta 1-42 burden 
I. Liepelt-Scarfone, F. Waga, M. Bentele, W. Maetzler, S. Becker, M. Timmers, L. Van Nueten, G. Salvadore, K. 
Brockmann, M. Hobert, J. Streffer, D. Berg (Tübingen, Germany) 
Objective: To investigate whether a computerized neuropsychological assessment can detect subtle cognitive 
impairment associated with Aβ pathology in Parkinson’s disease (PD). 
Background: Parenchymal Aβ pathology is relatively common among older adults and PD patients, and may 
influence progression of cognitive dysfunction. Computerized assessment has been reported to be sensitive for the 
quantification of cognitive impairment. The Cambridge Neuropsychological Test Automated Battery (CANTAB) 
was able to reflect cognitive impairment associated to Aβ pathology in Alzheimer’s disease. In PD, the association 
between computerized cognitive performance (CANTAB) and Aβ pathology is unknown. 
Methods: Hundred (100) non-demented PD patients enrolled in the “Aß1-42 in CSF as risk factor for Cognitive 
dysfunction in PD” (ABC-PD) longitudinal study, stratified according to CSF Aß1-42 (<600 [Aβ+] vs. ≥600 [Aβ-] 
pg/ml) values, were included. Fifty patient pairs were matched for age, sex and education; disease duration was 
controlled as best as possible between groups. In total, six CANTAB subtests were conducted (e.g. Paired 
Associates Learning PAL) testing the following four cognitive domains: memory, attention, executive function and 
information sampling. Additionally, a paper-pencil test, the Repeatable Battery for the Assessment of 
Neuropsychological Status (RBANS) was performed. Binary logistic regression analyses were calculated for 
between-group comparisons correcting for confounders. 
Results: Aβ+ PD patients had shorter disease durations and lower levodopa equivalent daily doses compared to Aβ- 
PD patients, included as confounders into further analysis. Age, education, motor function, and severity of 
depression did not differ significantly between groups. Aβ+ PD patients performed worse than Aβ- PD patients on 
the MTS (Match to Sample Visual Search, a test of attention and psychomotor speed, p=.012), and better on the 
SOC (Stockings of Cambridge, a test of executive functioning, p=.014). CANTAB tests for memory function and 
the RBANS total and domain scores did not statistical differ between groups. 
Conclusions: Our study further supports the idea that Aβ1-42 pathology plays a role in cognitive impairment in PD 
and might characterize a specific clinical phenotype. Computerized neuropsychological assessment seems to be 
more sensitive for detecting early cognitive dysfunction than paper-pencil tests in PD. 
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1704 
Tau pathology is associated to cognitive and not motor function in Parkinson’s disease 
I. Liepelt-Scarfone, H. Vanderstichele, W. Maetzler, C. Francois, C. Schulte, M. Timmers, L. Van Nueten, G. 
Salvadore, K. Brockmann, T. Gasser, J. Streffer, E. Stoops, D. Berg (Tübingen, Germany) 
Objective: To define the association of different cerebrospinal fluid (CSF) biomarkers reflecting Aß and Tau 
pathology or synaptic function with motor and/or cognitive function in Parkinson’ disease (PD). 
Background: Parenchymal Aß pathology has been reported as a risk marker for cognitive decline in PD. Moreover, 
Tau and synuclein pathologies are also associated with cognitive impairment in PD, but seem to also influence 
severity of motor symptoms. For recently discussed CSF markers, such as neurogranin or BACE 1, the association 
to clinical symptoms in PD is unclear. 
Methods: CSF of 225 non-demented and 11 demented PD patients taking part in the “Aß1-42 in CSF as risk factor 
for cognitive dysfunction in PD” (ABC-PD) study was analyzed. In all patients, a comprehensive clinical battery, 
including cognitive and motor assessments, was applied. CSF protein analysis was done by ELISA and included 
Aß1-42, Aß1-40, Aß1-38, p-Tau181, t-Tau, synuclein, neurogranin, and BACE 1. Regression analyses including the 
motor score of the Unified Parkinson’s disease Rating Scale (UPDRS-III) and the Montreal Cognitive Assessment 
(MoCA) as independent variables, and age and sex as confounders, were used to define the association of motor and 
cognitive impairment with each biomarker. 
Results: Tau markers or its ratios were exclusively associated with the MoCA score (p<0.05): p-Tau181, t-Tau; p-
Tau181/Aß1-42, t-Tau/Aß1-42, t-Tau/Synuclein, p-Tau181/Synuclein, Synuclein+BASE 1/t-Tau + p-Tau181. 
However, association between t-Tau values and the MoCA was weak (p=0.04) and vanished after exclusion of 
demented PD patients in the sample. In contrast all other significant associations between biomarkers and the MoCA 
were not affected by exclusion of the demented PD group. The Aß1-42*1000/Aß1-38/p-Tau181 ratio (p<0.007) and 
the p-Tau181/t-Tau ratio (p=0.36) solely predicted UPDRS-III scores. CSF levels of neurogranin and BACE 1 did 
reflect neither cognitive nor motor function in our sample. 
Conclusions: In our cohort, tau pathology primarily affected cognitive but not severity of motor impairment in PD. 

1705 
Vascular risk factors, WMLs and the risk of cognitive impairment in Parkinson disease: A longitudinal study 
from the Parkinson’s Disease Cognitive Impairment Study (PaCoS) cohort 
A. Luca, R. Monastero, G. Donzuso, R. Baschi, C. Cicero, C. Terravecchia, A. Salerno, M. Zuccarello, M. Davì, V. 
Restivo, G. Mostile, M. Zappia, A. Nicoletti (Catania, Italy) 
Objective: To identify modifiable vascular risk factors (VRFs) associated with cognitive decline in early PD. 
Background: The importance of the early identification of modifiable risk factors associated with Mild Cognitive 
Impairment in Parkinson's Disease is growing. 
Methods: PD patients of the PaCoS cohort who underwent a baseline and follow-up neuropsychological evaluations 
were enrolled in the study. PD-MCI and PDD were diagnosed according to the MDS criteria. Baseline brain MRI 
was used to calculate the white matter lesions (WMLs) burden using a visual scale. Laboratory data, presence of 
hypertension, diabetes and use of anti-hypertensive drugs were collected and the Framingham cardiovascular disease 
Risk Score (FRS) was calculated. VRFs predicting MCI and PDD were evaluated using Cox proportional hazard 
regression model. 
Results: Out of 139 enrolled PD patients, 84 were classified as normal cognition (NC), 55 (39.6%) as MCI at 
baseline. At follow-up 28 (33.3%) PD-NC developed MCI and 4 (4.8%) PDD. Out of 55 PD-MCI patients at 
baseline, 14 (25.4%) converted to PDD at follow-up. Among PD-NC the presence of a higher systolic blood 
pressure (>135 mmHg) and use of anti-hypertensive were the stronger predictors of MCI at follow-up (adjHR 5.12; 
95%CI 1.48-17.76; p-value 0.01 and adjHR 7.13; 95%CI 2.11-24.13: p-value 0.002 respectively). For PDD the risk 
was associated with MCI at baseline (adj HR 11.4; 95%CI 2.39-54.64; p-value 0.002), and a higher WML burden 
(adj HR 4.50 1.20-16.8 p-value 0.02). 
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Conclusions: In our sample the presence of hypertension at baseline represented the most important modifiable risk 
factors increasing of about 6 times the risk of MCI. 

1706 
Negative and Positive Feedback Processing in Parkinson's Disease and Impulse Control Disorder: an ERP 
Study 
A. Martini, R. Schifano, L. Weis, R. Biundo, S. Tamburin, J. Brooks, A. Antonini, G. Leoni, N. Edelstyn (Newcastle-
under-Lyme, United Kingdom) 
Objective: To investigate neural correlates of positive and negative feedback processing during reward-related 
decision-making using the Balloon Analogue Risk task (BART) and event-related potentials (ERPs). 
Background: Dopaminergic replacement treatment (DRT) can trigger impulse control disorder (ICD) in around the 
30% of PD patients [1]. Worse cognitive performances in reward-decision making tasks have been associated with 
ICD in PD [2]. We showed that PD patients with ICD, in contrast to PD patients without ICD and healthy controls, 
do not change their risky behavior after a negative feedback during the BART [3]. 
Methods: Twenty non-demented medicated PD patients (10 with and 10 without ICD) and 10 healthy controls, 
matched for age, sex and years of education, will perform the BART while 64-channels electroencephalogram will 
be recorded. ERPs will be time-locked to the onset of both positive-reward and negative-loss feedback. All 
participants will also complete a comprehensive neuropsychological battery and neuropsychiatric measures of 
depression, anxiety, apathy, and impulsivity will be recorded. The BART average (i.e., average number of pumps in 
the cashed balloons) and differential (i.e., the difference between the average number of pumps for trials 
immediately preceding and immediately following a balloon burst) scores (primary outcome) as well as 
neuropsychological and neuropsychiatric measures will be compared between groups by one-way ANOVAs 
followed by post hoc with Bonferroni’s correction. Mean amplitude of two components associated with feedback, 
namely feedback-related negativity (FRN) and P300, will be compared between and groups via mixed design 
ANOVAs. Neuropsychological and neuropsychiatric variables that differ between groups will be entered as 
covariates. 
Results: Study recruitment is ongoing. Preliminary results will be presented at the meeting. 
Conclusions: Understating brain processes associated with abnormal behavioral performance in PD with ICD may 
help to shed some light on neurobiological underpinnings of ICD in PD. If the ERP components will differ between 
groups, future studies should investigate them as a potential biomarkers of ICD development after DRT. 
References: 1. Antonini A, Barone P, Bonuccelli U, Annoni K, Asgharnejad M, Stanzione P. ICARUS study: 
prevalence and clinical features of impulse control disorders in Parkinson’s disease. J Neurol Neurosurg Psychiatry 
(2017) 88:317–324. 2. Martini A, Dal Lago D, Edelstyn NMJ, Grange JA, Tamburin S. Impulse Control Disorder in 
Parkinson’s Disease: A Meta-Analysis of Cognitive, Affective, and Motivational Correlates. Front Neurol (2018) 9: 
654. doi:10.3389/fneur.2018.00654 3. Martini A, Ellis SJ, Grange JA, Tamburin S, Dal Lago D, Vianello G, 
Edelstyn NMJ. Risky decision-making and affective features of impulse control disorders in Parkinson’s disease. J 
Neural Transm (2018) 125:131–143. doi:10.1007/s00702-017-1807-7 
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1708 
Impaired colour discrimination is associated with hallucinations in Dementia with Lewy Bodies 
E. Matar, K. Ehgoetz Martens, J. Phillips, G. Halliday, S. Lewis (Sydney, Australia) 
Objective: To explore the hypothesis that color discrimination impairment seen in Lewy body disorders is a specific 
biomarker of visual hallucinations rather than just overall global cognitive decline. 
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Background: There is emerging evidence indicating that color discrimination impairments can predict the 
development of Lewy body dementia in idiopathic REM sleep behavior disorder and Parkinson’s disease[1]. Despite 
its assumed role as a marker of dementia, color vision deficits are not seen uniformly in patients with Dementia with 
Lewy Bodies(DLB), suggesting a more nuanced association[2]. Visual hallucinations(VH) represent a 
discriminating feature of DLB, and recent evidence implicates visual pathway dysfunction as a significant 
contributor to this phenomenon[3]. We therefore hypothesized that color impairment will correlate with VH in DLB 
rather than overall measures of cognition. 
Methods: In this study, we examined the relationship between color vision impairment and VH, along with other 
clinical and neuropsychological features in 24 patients with DLB alongside 25 age-matched controls. Color 
discrimination was assessed using the Farnsworth-Munsell-100 Hue(FM-100) test. 
Results: Color discrimination impairment was seen in 16/24 DLB participants(67%) with a higher error score 
relative to controls(p=0.001). We demonstrate for the first time a strong association between color discrimination 
errors and both the presence and severity of VH in DLB based on clinician-derived(p=0.008) and questionnaire-
derived(p=0.03) measures. Correlation with clinical and neuropsychological variables revealed that color 
discrimination is significantly related to visuospatial impairment(p=0.02) but not to global measures of cognition 
(MMSE), motor severity (UPDRS-III), age or disease duration. Factor analysis confirmed a unique relationship 
between color discrimination, visual hallucinations and visuospatial function. 
Conclusions: Our results suggest that color discrimination in Lewy body disorders is not simply a marker of 
dementia but specifically associates with hallucinations and associated visuoperceptual deficits which together may 
share a common pathophysiological substrate. 
References: [1] Postuma RB, Gagnon JF, Bertrand JA, Genier Marchand D, Montplaisir JY. Parkinson risk in 
idiopathic REM sleep behavior disorder: preparing for neuroprotective trials. Neurology. 2015;84(11):1104-1113. 
[2] Flanigan PM, Khosravi MA, Leverenz JB, Tousi B. Color Vision Impairment Differentiates Alzheimer 
Dementia From Dementia With Lewy Bodies. J Geriatr Psychiatry Neurol. 2018;31(2):97-102. [3] Onofrj M, Taylor 
JP, Monaco D, et al. Visual hallucinations in PD and Lewy body dementias: old and new hypotheses. Behavioural 
neurology. 2013;27(4):479-493. 

 

1709 
Differential temporal processing across Lewy body disorders and relation to cognitive fluctuations 
E. Matar, J. Phillips, K. Ehgoetz Martens, G. Halliday, S. Lewis (Sydney, Australia) 
Objective: To characterize differences in interval timing between patients with Parkinson’s disease and Dementia 
with Lewy bodies (DLB) and evaluate their relationship to cognitive fluctuations in DLB. 
Background: Alterations in time perception have been demonstrated in patients with Parkinson’s disease (PD) and 
has been linked to dopaminergic deficiency. However, administration of cholinergic medications in healthy subjects 
have also been shown to influence time perception. Cholinergic deficiency is pathologically characteristic of 
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Dementia with Lewy bodies (DLB) and is thought to be related to cognitive fluctuations. We hypothesized that time 
perception would be differentially altered between patients with PD and DLB compared to controls and that 
qualities of interval timing may relate intrinsically to cognitive fluctuations in DLB. 
Methods: 25 patients with DLB, 13 age-matched PD off dopaminergic medication and 16 age-matched older 
controls underwent testing using a simple time perception paradigm probing different aspects of interval timing 
including time estimation, production and pacing. Intervals ranging from 10 to 90 seconds were randomized 
between groups. Fluctuations in DLB patients was measured using the clinician assessment of fluctuation (CAF) and 
one-day fluctuation (OFS) scales respectively. 
Results: We found significant group differences in interval timing for time estimation (U=13.5, p<0.001) and time 
production (U=14.4, p<0.001) but not time pacing. These effects were most pronounced at the longest interval of 
90s. DLB patients estimated less time compared to controls (p=0.04) and PD (p<0.001), whilst PD estimated more 
time than controls and DLB (p=0.04). Meanwhile both PD (p=0.003) and DLB (p<0.001) produced less time 
relative to controls. Absolute deviation in time estimation at 90 seconds correlated with fluctuation presence (CAF; 
r=0.47;p=0.009) whilst errors in time pacing at 90s correlated with fluctuation severity (OFS; rs=0.65, p<0.001). 
Receiver operating characteristic analysis identified time production at 90 seconds to be an accurate measure for 
distinguishing controls from PD/DLB (AUC=0.87). 
Conclusions: Temporal processing is differentially altered between PD and DLB likely reflecting different 
neurotransmitter dependencies. Altered interval timing may be an objective marker of fluctuations in the clinical 
setting and potential discriminator in prodromal states. 

1710 
Is Dizziness a sign before DLB onset? 
M. MATSUMURA (Tokyo, Japan) 
Objective: I noticed that outpatients often continually complain about symptoms not found in PDD in DLB patients. 
In this time, I traced back the clinical record and compare the characteristics of the symptoms before the onset of 
DLB and PDD. 
Background: The difference between Dementia with lewy bodies (DLB) and Parkinson’s disease dementia(PDD) 
has not yet been concluded. 
Since olfactory disorders and constipation listed as DLB's initial symptoms can also be seen in PDD, they can not be 
distinguished from each other. 
Methods: Subjects were 14 patients with DLB, average age 80 years (DLB group), PDD patient 6 cases average age 
78 years (PDD group). 
In all cases, the symptoms described in the medical record before onset were examined. 
Mini-Mental State Examination(MMSE), MIBG myocardial scintigraphy and electrocardiogram R - R fluctuation in 
both groups were examined and compared. Independent t-test was used for statistical analysis. 
Results: There was no significant difference in parameters of autonomic nervous function in both DLB group and 
PDD group. 
In the DLB group, from 1 to 2 years before diagnosis, dizziness appeared in 4 of 14 cases, but not in the PDD group. 
Dizziness of the DLB group was unknown, was not improved by treatment, and lasted for a long time. 
Conclusions: Dizziness with unexplained treatment resistance was thought to be a sign of developing DLB 1 to 2 
years after this symptom. 

1711 
A comparison of serial position effects between patients with MCI due to Parkinson’s disease and patients 
with MCI due to Alzheimer’s disease 
A. Meyer, I. Handabaka, M.M. Ehrensperger, U. Gschwandtner, F. Hatz, A.U. Monsch, R.D. Stieglitz, P. Fuhr 
(Basel, Switzerland) 
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Objective: To compare the serial position effects (SPE) between patients with Mild Cognitive Impairment (MCI) 
due to Parkinson’s disease (PD-MCI) and patients with MCI due to Alzheimer’s disease (AD-MCI). Furthermore, 
we aimed to delineate the different origins of SPEs between AD-MCI and PD-MCI. In contrast to AD-MCI patients, 
we expected a significant relationship of the memory measures with either executive function, attention or working 
memory (WM) in PD. 
Background: The first (primacy region) and last (recency region) items of a word list are generally better 
memorized than items from the middle region [1]. These serial position effects (SPE) depend on the long- (LTM) 
and short-term memory (STM) capacity [2]. 
Methods: Four similar groups of subjects participated in the study: 26 PD-MCI patients, 26 cognitively normal 
patients with PD (PD-CN), 26 AD-MCI patients, and 26 healthy individuals (NC). Verbal episodic memory, verbal 
span, attentional capacity, executive functions and verbal working memory performance were assessed. Measures 
for the primacy and recency regions were defined at the first trial of a 16 items word list. 
Results: Primacy effects were significantly diminished in both, PD-MCI and AD-MCI patients relative to NC and 
PD-CN (all p-values <0.01) [figure 1]. Compared to PD-MCI patients, AD-MCI patients exhibited significantly 
worse ‘delayed-recall savings’. In contrast, in PD-MCI patients – but not in AD-MCI patients – the primacy effect 
was correlated with measures of psychomotor speed and alertness [table 1]. 
Conclusions: Impaired retrieval from the LTM is likely due to impaired transition of newly learned material from 
STM into LTM. Whereas AD-MCI patients suffer from a storage deficit which leads to a reduced primacy effect, 
the similarly reduced primacy effect found in patients with PD-MCI may be explained by psychomotor slowing and 
deficient attentional capacity. This suggests that deficits in episodic memory in PD is related to fronto-striatal 
dysfunction. 
References: [1] Foldi, N. S., Brickman, A. M., Schaefer, L. A., & Knutelska, M. E. (2003). Distinct serial position 
profiles and neuropsychological measures differentiate late life depression from normal aging and Alzheimer’s 
disease. Psychiatry Research, 120(1), 71–84. https://doi.org/10.1016/S0165-1781(03)00163-X [2] Atkinson, R. C., 
& Shiffrin, R. M. (1968). Human Memory: A Proposed System and its Control Processes. In K. W. Spence & J. T. 
Spence (Eds.), Psychology of Learning and Motivation (Vol. 2, pp. 89–195). Academic Press. 
https://doi.org/10.1016/S0079-7421(08)60422-3 An Abstract entitled “Impaired memory consolidation similarly 
affects verbal episodic memory performance in patients with Alzheimer’s disease and Parkinson’s disease” with 
similar analyses was presented at the Deutsche Gesellschaft für Psychiatrie und Psychotherapie, Psychosomatik und 
Nervenheilkunde congress in Berlin (28.11. – 01.12.2018) 
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1712 
Neuroprotective Effects of Combined Administration of Coenzyme Q10 and Vitamin-E in Chronic Cerebral 
Hypoperfusion-Induced Neurodegeneration in Rats 
W. Mohamed, M.A. Alazimi (Kuantan, Malaysia) 
Objective: This study assessed the neuroprortective effects of combination of CoQ10 with vitamin E in Chronic 
Cerebral Hypoperfusion-induced neurodegeration (CCH-ND) model of rat. 
Background: Alzheimer’s disease (AD) is the most common type of neurodegenerative diseases and the leading 
cause of dementia in elderly. Number of people with neurodegenerative diseases, is massively increasing. Currently, 
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there is no prevention, no cure and no drug to slow down the progression of AD. Numerous evidences have revealed 
the presence of oxidative stress in the beginning and progression of AD. Therefore, the potential of using natural 
antioxidants for prevention and treatment of AD has attracted considerable attention. Coenzyme Q10 and Vitamin E 
have been reported as powerful antioxidants and used as protective agents for various illnesses. In spite of 
significant results in experimental studies, which used single antioxidant in AD models, administration of single 
antioxidant in AD patients has been failed. Therefore, an efficient strategy would be the use of combination of 
antioxidants in the treatment of Alzheimer’s disease to provide synergetic effects and enough antioxidant action 
without need of large and toxic doses of using single antioxidant. 
Methods: Acclimatization, 27 Sprague Dawley rats weighing 200-250 g were divided into six groups. Group A – 
sham control, Group B – 2VO, and Group C – 2VO+E (treated daily with Vit E, 100 mg/kg, orally following 2VO) 
Group D treated with Coenzyme Q10, group E treated with combination of CoQ10 and Vit E and group F treated 
with coconut oil as vehicle. On the 8th week, all the rats were tested by Morris water maze cognitive test and then 
euthanized and the hippocampi were isolated. Viable neuronal cell count in the hippocampal region was estimated. 
The Isoprostane F2 (F2-IsoPs) levels were deliberated in the brain homogenates to quantify the oxidative stress 
status. 
Results: There was significant difference in neuronal cell death in 2VO group in comparison to the sham group. 
There was no statistically significant difference in neuroprotective effects of combination of vitamin E with CoQ10 
and each one alone in chronic cerebral hypoperfusion-induced neurodegeneration in rat. 
Conclusions: It is advisable that to use a combination of both vitamin E and CoQ10 for better protection against 
neurodegenerative disorders specially AD and PD. 

1713 
Pisa syndrome in Parkinson’s disease: a study on the neuropsychological profile. 
E. Montanaro, C.A. Artusi, S. Tuttobene, A. Romagnolo, M. Zibetti, L. Lopiano (Torino, Italy) 
Objective: To evaluate whether Pisa syndrome (PS) in Parkinson’s disease (PD) is associated with a specific profile 
of cognitive impairment. 
Background: PS is a complex and disabling axial complication of PD, affecting approximately 9% of the PD 
population. The pathogenesis of PS remains incompletely understood. It has been suggested that axial-dominant PD 
presentation can be associated with more severe cognitive impairment but literature data on the cognitive profile of 
PD patients with PS are still lacking. A recent study investigated for the first time the cognitive profile of PS 
patients, indicating an association between PS and worse performances in attention and posterior cortical function. 
Methods: Twelve PD patients with PS (PS+) were matched with PD patients without abnormal postures (PS-) 
patients for age, gender, PD duration, Hoehn and Yahr score and level of education. Both PS+ and PS- patients 
underwent an extensive neurological and neuropsychological assessment aimed to investigate six cognitive domains: 
reasoning, memory, attention, executive-functions, language and visuospatial abilities. Then, for each cognitive 
domain, we obtained a Cognitive Index (CI; score 0-3), corresponding to the average value of the related subtest. 
Descriptive statistics and nonparametric tests were used to compare neuropsychological performances in the two 
groups. 
Results: PS+ and PS- groups outlined similar scores from measures of global cognitive status (MoCA: PS+ = 
21.7±4.8; PS- = 23.5±3.9; p=0.223). PS+ group showed worse performances than PS- for attentional domain (CI: 
PS+ = 1.5±0.9; PS- = 0.25±0.6; p=0.001), visuo-spatial abilities (CI: PS+ = 1.5±0.9; PS- = 0.25±0.6; p=0.001), and 
language domain (CI: PS+ = 0.9±0.9; PS- = 0.2±0.4; p= 0.023). No significant differences were found for the others 
cognitive domains (reasoning, memory and executive functions). 
Conclusions: Our study supports the hypothesis of a specific neuropsychological profile of PD patients with PS, 
possibly suggesting that PS may have a central pathogenesis. 
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1714 
The interplay between cholinergic activity, attention, and turning in Parkinson’s disease 
R. Morris, D. Martini, G. McBarron, M. Mancini, F. Horak (Portland, OR, USA) 
Objective: Explore how cholinergic activity (measured by short latency afferent inhibition [SAI]) and attention 
relate to quality of turning performance over a week of daily life in people with Parkinson’s disease (PD). 
Background: Turning is a complex measure of functional mobility that may require cognitive resources for optimal 
performance. Difficulty turning while walking is an early sign in PD leading to reduced mobility and increased risk 
of falls. Although dopaminergic therapy is effective for many motor impairments, the effect is limited for a number 
of measures of balance and gait, including turning. This evidence suggests the involvement of non-dopaminergic 
systems in complex mobility function, with increasing evidence that the cholinergic system plays a key role. 
Methods: So far, 6 healthy older adults and 5 people with PD have been recruited. Cholinergic activity was assessed 
using the transcranial magnetic stimulation technique of SAI while ‘on’ levodopa. Attention was measured using a 
simple reaction time (SRT) and choice reaction time (CRT) battery. Turning during gait was assessed in the home 
and community environment over 7 days with participants wearing a body-worn inertial sensor at the fifth lumbar 
vertebrae. Turning characteristics were averaged over seven days to assess the average number of turns per half hour 
as well as average turn duration and peak turn velocity. 
Results: Preliminary results suggest poorer cholinergic activity in people with PD (SAI; 90%) compared to older 
adults (SAI; 77%), but this did not reach significance (Z=-1.5, p=0.14). In addition, people with PD demonstrated 
significantly poorer attention (CRT, Z=-2.2, p=0.03). Furthermore, people with PD demonstrated significantly 
poorer quantity and quality of turning in daily life (reduced number of turns, slower turn velocity and longer turn 
duration). Across both groups there was a significant relationship between poorer attention and increased average 
turn angle (rho=-.73, p=0.01) but no relationship between SAI and turning. 
Conclusions: These preliminary findings suggest that cholinergic activity, attention and turning are often poorer in 
PD than healthy older adults. Poorer cholinergic function and attention therefore may relate to turning ability in PD. 
The mediating effects of cholinergic activity on attention and quality of turning needs to be determined in a larger 
cohort. 

1715 
Quantitative EEG measures reflect general cognitive status in Parkinson’s disease 
C. Navarro-Roa, M. Rodriguez-Violante, G. Sanchez-Dinorin, A. Cervantes-Arriaga, R. Solis-Vivanco (Mexico City, 
Mexico) 
Objective: To explore the utility of the quantitative electroencephalogram (EEG) as a potential biomarker of 
cognitive status in patients with Parkinson's disease (PD). 
Background: While predominantly a motor disease, non-motor symptoms in PD, such as cognitive impairment, 
may impact the quality of life even more than the motor disability itself. Specifically, cognitive impairment may 
reduce the life expectancy of patients by up to 5 years. Recently, neurophysiological measures, such as quantitative 
EEG, have been proposed as reliable measures of cognitive decline in PD. In this study we explored the association 
between EEG power and connectivity, and cognitive screening tests in PD. 
Methods: We included 30 patients diagnosed with PD who attended the National Institute of Neurology and 
Neurosurgery in Mexico City. Twelve healthy participants similar in age and education were recruited as a control 
group. The PD group was assessed under dopaminergic treatment (ON status). The used cognitive tests were the 
Montreal Cognitive Assessment (MoCA) and the Minimental State Examination (MMSE). We recorded a resting 
state (closed eyes) EEG with 64 channels. Quantitative measures included relative power and phase-locking value 
from frontal and posterior regions in the ranges of delta (1-3 Hz), theta (4-7 Hz), alpha (8-14 Hz), and beta (15-30 
Hz). 
Results: A lower overall mean frequency was observed in the PD group compared to the control group (p<0.001). 
The PD group showed increases of power for low frequencies, especially in frontal regions (p<0.001), for delta 
(p=0.05) and theta bands (p=0.05), as well as a decrease in beta in all regions (p=0.03). Within the PD group, both 
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MoCA and MMSE showed significant associations with the years of evolution (r=-0.45, p=0.015 and r=-0.43, 
p=0.02) and with the power of theta and beta bands exclusively in posterior regions (theta: r<-0.4, p<0.03, beta: 
r>0.45, p<0.01). Also, increased phase-locked theta in frontal regions was inversely associated with MoCA and 
MMSE scores (r<-0.4, p<0.05). 
Conclusions: PD shows increased EEG low frequencies, especially in frontal regions, and general decreased beta 
activity. Cognitive screening tests are sensitive to theta amplitude changes in posterior regions and increased 
connectivity within frontal areas. Our results provide evidence that basic neuropsychological testing may reflect 
subtle neurophysiological changes in PD. 

1716 
Plasma Soluble ST2 (sST2) levels are Higher in Neurodegeneration and Associate with PD Cognition 
A. Ng, Y.J. Tan, A. Yong, B. Wong, Z.H. Lu, S. Ng, S. Ting, S. Hameed, L. Zeng, N. Kandiah, W.L. Au, L. Tan 
(Singapore, Singapore) 
Objective: As plasma IL-33 levels are too low to accurately quantify, we measured plasma sST2 as a surrogate 
marker for IL-33 in samples from healthy controls (HC) and patients with MCI, Alzheimer’s disease (AD) and PD. 
The relationship between plasma sST2 and cognitive measures was investigated. 
Background:  
Interleukin 33 (IL-33) is a member of the interleukin1 cytokine family, with soluble ST2 (sST2) acting as its decoy 
receptor. IL-33 is expressed in oligodendrocytes and astrocytes and plays a role in healing and repair in the CNS, 
while ST2 is expressed in microglia and astrocytes. Limited studies have investigated their role in 
neurodegeneration - pathological studies report decreased IL-33 and increased ST2 expression in AD brains 
compared to controls, while higher serum sST2 levels were reported in mild cognitive impairment (MCI). No study 
has yet investigated sST2 in Parkinson’s disease (PD). 
Methods: Plasma sST2 levels were measured using ELISA in 156 subjects (21 HC, 46 MCI, 38 AD, and 50 PD). 
PD patients were in the early disease stage (disease duration £1 year). Five cognitive domains were assessed: 
episodic memory, attention/working memory, executive, visuospatial and language. In PD, motor function assessed 
using the Unified Parkinson’s disease rating scale (UPDRS). 
Results: Plasma sST2 was significantly different across disease groups (p=0.002). After correcting for multiple 
comparisons, AD and PD showed significantly higher sST2 levels compared to HC (p=0.001 and p=0.005, 
respectively). Across cognitive domains, higher levels of sST2 associated with worse episodic memory scores in 
MCI (r=-0.389, p=0.025) and PD (r=-0.294, p=0.038) patients, but did not show significant association with UPDRS 
Part III motor scores (r=0.093, p=0.531) in PD patients. 
Conclusions: We found significantly higher plasma sST2 levels in PD and AD patients compared to HC. 
Interestingly, higher sST2 levels correlated with worse episodic memory in patients with early PD, but not in AD 
patients. These results implicate that ST2/IL-33 signalling may play an important role in disease modulation, 
particularly in PD cognition. 
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1717 
DBS for Parkinson-Dementia syndrome: Stimulation of both Globus Pallidus internus & the Nucleus Basalis 
of Meynert using the same electrode lead 
C. Nombela, A. Lozano, C. Villanueva-Iza, J. Barcia (Madrid, Spain) 
Objective: The study proposed a new Deep Brain Stimulation (DBS) approach in Parkinson´s disease (PD): the 
Globus pallidus pars interna (GPi) + Nucleus Basalis of Meynert (NBM) using a lead by side to treat motor and non-
motor symptoms in PD. 
Background: DBS in patients with PD improves motor symptoms but it does not point at the cognitive aspects of 
the disease. In fact, the presence of significant cognitive impairment is an exclusionary criterion for DBS targeting 
either the Subthalamic Nucleus (STN) or the GPi. Previous studies have evaluated the benefit of the NBM 
stimulation in Alzheimer´s disease (Kuhn et al., 2015) and in PD (Freund et al., 2009, Gratwicke et al., 2018) with 
limited benefits. 
Methods: A 68-years-old male patient with Parkinson´s disease underwent a GPi+NBM-DBS surgery at the 
Hospital Clínico San Carlos. His symptoms initiated 7 years before surgery with tremor, pain and general slowness. 
At the time of the surgery, the patient presented end-of- dose fluctuations, dyskinesia, hallucinations induced by 
dopaminergic medication and cognitive deterioration (26/30 in MMSE). MRI scan indicated the beginning of 
temporal cortical atrophy. 
Two eight-contact Boston Scientific® (Valencia, CA) leads were implanted bilaterally. DBS trajectory planification 
targeted both GPi and NBM using the same directional electrode. Once GPi was targeted, the electrodes were 
advanced 2.4 mm along the trajectory in order to stimulate the NBM with the most distal contact. 
Complete neuropsychological assessment was conducted at baseline, after 2 (GPi ON) and 5 months (GPi + NBM 
ON) of stimulation. 
Results: After 2 months of GPi stimulation the patient improved the UPDRS-III & reduced LED intake in 16.81% 
respect to baseline, accompanied of impaired scores in almost all neuropsychological tests. 
The evaluation conducted after 3 months of combined GPi+NBM stimulation showed no changes in UPDRS. 
Regarding cognition, scores related with executive functions and memory reached baseline level and attentional 
function improved at a general level. 
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Conclusions: This novel DBS approach treats both motor and cognitive symptoms in PD through a single lead 
trajectory targeting both the GPi and the NBM. This approach showed no significant side effects and improved 
certain cognitive functions in a patient with baseline mild cognitive impairment, who would been excluded under 
current protocols. 
References: 1 Saint-Cyr JA, Albanese A: STN DBS in PD: selection criteria for surgery should include cognitive 
and psychiatric factors. Neurology 2006;66:1799–1800. 2 Bronstein JM, Tagliati M, Alterman RL, Lozano AM, 
Volkmann J, Stefani A, Horak FB, Okun MS, Foote KD, Krack P, et al.: Deep brain stimulation for Parkinson 
disease: an expert consensus and review of key issues. Arch Neurol 2011;68:165. 3 Hariz MI, Rehncrona S, Quinn 
NP, Speelman JD, Wensing C; Multicenter Advanced Parkinson’s Disease Deep Brain Stimulation Group: 
Multicenter study on deep brain stimulation in Parkinson’s disease: an independent assessment of reported adverse 
events at 4 years. Mov Disord 2008;23:416–421. 4 Rothlind JC, York MK, Carlson K, Luo P, Marks WJ, Weaver 
FM, Stern M, Follett K, Reda D; CSP-468 Study Group: Neuropsychological changes following deep brain 
stimulation surgery for Parkinson’s disease: comparisons of treatment at pallidal and subthalamic targets versus best 
medical therapy. J Neurol Neurosurg Psychiatry 2015;86:622–629. 5 Boel JA, Odekerken VJ, Schmand BA, 
Geurtsen GJ, Cath DC, Figee M, van den Munckhof P, de Haan RJ, Schuurman PR, de Bie RM; NSTAPS study 
group: Cognitive and psychiatric outcome 3 years after globus pallidus pars interna or subthalamic nucleus deep 
brain stimulation for Parkinson’s disease. Parkinsonism Relat Disord 2016;33:90–95. 6 Freund HJ, Kuhn J, Lenartz 
D, Mai JK, Schnell T, Klosterkoetter J, Sturm V: Cognitive functions in a patient with Parkinson-dementia 
syndrome undergoing deep brain stimulation. Arch Neurol 2009;66:781–785. 7 Kuhn J, Hardenacke K, Shubina E, 
Lenartz D, Visser-Vandewalle V, Zilles K, Sturm V, Freund HJ: Deep brain stimulation of the nucleus basalis of 
Meynert in early stage of Alzheimer’s dementia. Brain Stimul 2015;8:838–839. 8 Gratwicke J, Zrinzo L, Kahan J, 
Peters A, Beigi M, Akram H, Hyam J, Oswal A, Day B, Mancini L, et al.: Bilateral deep brain stimulation of the 
nucleus basalis of Meynert for Parkinson disease dementia. JAMA Neurol 2018;75:169–178. 9 Folstein MF, 
Folstein SE, McHugh PR: “Mini-mental state”. A practical method for grading the cognitive state of patients for the 
clinician. J Psychiatr Res 1975;12:189–98. 

1718 
Clinical, motor and global cognition in patients with in early stages of Parkinson disease 
B. Muñoz, J. Valderrama, J. Arango, Y. Castaño, A. Navarro, J. Orozco (Cali, Colombia) 
Objective: To explore if balance and freezing of gait correlate with global cognition in patients with Parkinson 
disease in early stages. 
Background: Early alterations in the control of balance and coordination, as well as episodes of freezing, may be 
present in early stages (1). Executive deficits have been associated with motor disability on PD and greater impact 
on functionality (2). The interrelation between motor symptoms and cognition could be useful to determine patients 
with a tendency to a faster progression. 
Methods: Cross-sectional study. 25 PD patients and 25 healthy subjects (age matched). MDS-UPDRS part III, 
Dynamic Gait Index (DGI) and Freezing of Gait Questionnaire (FOGQ) were obtained. Global cognition was 
evaluated using MoCA test. Spearman rho´s was used to assess global cognition and gait. Statistically significant 
difference was considered if the p-value was lower than 0.05. 
Results: Median duration of the disease from onset was 6 years (IQR 1-7). Hoehn and Yahr stage classification were 
I (16%), II (84%) [table 1]. Significant differences were found for TMT-B (p=0.01), verbal fluency (p=0.01), Gait 
surface level (p=0.03), Gait with vertical head turns (p=0.01), Gait with horizontal head turns (p<0.001), Gait and 
pivot turns (p=0.04) and Steps (p=0.04) [table 2]. The MoCA test correlated with FOGQ (rho= -0.048, p=0.018), 
Age (rho= -0.484, p=0.014); FOGQ correlated with MDS-UPDRS (rho= 0.0263, p=0.026) [table 3]. 
Conclusions: Executive tasks obtained lower scores in PD patients. GDI is useful to characterize balance disorders 
in patients yet in early stages. Age, lower scores in Global cognition and MDS-UPDRS were associated with FOG. 
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Table 1. Clinical Characteristics of the sample 

Variables Patients Healthy subjects p Value  (n=25) (n=25) 
Age*     

Years (Median, IQR)  67 (IQR 62 – 75)  67 (IQR 63 – 75)    0.98 
Gender*       

Male 13 (52%)  15 (60%) 
0.59 

Female 12 (48%) 10 (40%) 
Education*    

Elementary school  8 (32%) 4 (16%) 
0.28 Hight school 8 (32%) 7 (28%) 

Graduate  9 (36%) 14 (56%) 
Test     
MoCA Test** 22 (IQR 16-26) 22.5 (IQR 21-24) 0.55 
GDI 21 (IQR 19-23) 23 (IQR 21-24) 0.29 
MDS-UPDRS Part III* 36.8 (±13.41) - - 
FOGQ* 6.16 (± 4.74) - - 

*n (%), Chi-squared test  
**Median (IQR: interquartile range), Mann-Whitney test  
Bold values: p<0.05 
MoCA: Montreal Cognitive Assessment. GDI: Gait Dynamic Index. MDS-UPDRS: Modified Movement Disorder 
Society Unified Parkinson's Disease Rating Scale. FOGQ: Freezing of Gait Questionnaire.  
 
Table 2. Comparisons of Performance of MoCA test and GDI between groups 

MoCA Patients  
(n=25) 

Healthy subjects 
(n=25) p Value 

Visuospatial / Executive 
TMT B 13 (52%) 5 (20%) 0.01 
Copy cube 10 (40%) 7 (28%) 0.37 
Draw CLOCK 12 (48%) 12 (48%) 1.00 

Naming 5 (20%) 4 (16%) 0.71 
Attention 

Digits 13 (52%) 10 (40%) 0.39 
Letters 8 (32%) 4 (16%) 0.18 
Serial substraction 14 (56%) 12 (48%) 0.57 
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Language 
Repeat 7 (28%) 2 (8%) 0.06 
Fluency 9 (36%) 2 (8%) 0.01 

Abstraction 17 (68%) 18 (72%) 0.75 
Delayed recall 20 (80%) 23 (92%) 0.22 
Orientation 9 (36%) 6 (24%) 0.35 
Total score** 22 (IQR 16-26) 22 (IQR 21-24) - 

GDI Pacientes  
(n=25) 

Controles 
(n=25) Valor-p 

Gait level surface 8 (32%) 2 (8%) 0.03 
Change in gait speed 7 (28%) 3 (12%) 0.15 
Gait with horizontal head turns 18 (72%) 9 (36%) 0.01 
Gait with vertical head turns 17 (68%) 4 (16%) <0.001 
Gait and pivot turn 9 (36%) 3 (12%) 0.04 
Step over obstacle 8 (32%) 5 (20%) 0.33 
Step around obstacles 9 (36%) 5 (20%) 0.20 
Steps 14 (56%) 7 (28%) 0.04 
Total score** 21 (IQR 19-23) 23 IQR (21-24) - 
n (%), p: Chi-square test  
Bold values: p<0.05 
**Median (IQR: Interquartile range) 
 
 
Table 4. Spearman Correlation Matrix between clinical, motor and global cognition in patients with early 
stages of Parkinson disease. 
 p Value 
   GDI MOCA FOGQ YEARS OF 

DISEASE 
AGE MDS-

UPDRS 
 
 
 
Rho 
Coefficient 

GDI 1 0.231 0.099 0.298 0.224 0.441 
MOCA 0,248 1 0.018 0.794 0.014 0.419 
FOGQ -0,337 -0.468 1 0.128 0.158 0.026 
YEARS 
OF 
DISEASE 

-0,216 0,054 0,312 1 0.323 0.248 

AGE -0,251 -0.484 0,290 0,206 1 0.510 
MDS 
UPDRS 

-0,161 -0,168 0.443 0,239 0,138 1 

Bold values: p<0.05 
 

1719 
Task difficulty and the three-stimulus oddball task in patients with PD 
E. Peterson, R. Shoorangiz, R. Jones, L. Livingston, I. Kirk, L. Tippett, M. Livingstone, R. Kuijer, T. Anderson, J. 
Dalrymple-Alford, B. Elias (Auckland, New Zealand) 
Objective: Examine the effect of task difficulty on event-related potentials (ERPs) in an oddball task in patients 
with PD. 
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Background: In three-stimulus oddball tasks, some studies have found a decrease in P300 latency for PD patients 
compared to HC, but others have reported an increased P300 latency. Similarly, there are mixed findings for P300 
amplitude. This variability could be due to methodological differences. Studies in HC have shown that increasing 
task difficulty leads to prolonged P300 latency and reduced amplitude, but the effect of task difficulty on P300 
latency in PD is not known. 
Methods: Nine PD patients were recruited who had relatively normal cognitive status (non-MCI). Twelve age-
matched HC were also recruited. Two levels of difficulty of a three-stimulus visual oddball task were used and test 
order counterbalanced across participants. In one version, the target stimuli (8% of trials) was 60% of the standard 
(84 % of trials) and distractor (8% of trials) stimulus size, and stimulus duration was 300 ms; in the second version, 
the target stimuli was 82% of the standard and distractor stimuli, using 80 ms stimulus duration. A button press was 
required for the target. The primary outcome measure was the P300 ERP at the Cz electrode. 
Results: The PD group was on average 70 ms slower than the HC group to respond to the target (p=0.013), but 
response latency was not associated with task difficulty (main effect and interaction, p>0.5). P300 latencies were 
shorter for PD patients than HC for both target (by 50 ms, p<0.04) and distractor (66 ms, p<0.01), irrespective of 
task difficulty (Group x difficulty; p=0.17 and p>0.5). No effects were found, however, for P300 amplitude. 
Conclusions: PD patients with relatively intact cognition have shorter P300 latencies to the infrequent target and 
distracter stimuli in a three-stimulus oddball task irrespective of difficulty in terms of relative stimulus size and 
duration. This may reflect the use of more focused attention to compensate for their reduced motor skills in these 
cognitively intact patients. Other factors, such as the inclusion of patients with mild or severe cognitive impairment, 
stimulus modality[JD1] or other task demands, may explain the variable ERP findings for PD patients in previous 3-
stimulus oddball tasks. 

1720 
Cognitive profile of degenerative parkinsonian syndromes in the French West Indies and relationship with 
eye movements recordings 
A. PETIT, A. LACKMY, R. EDRAGAS, S. BELSON, A. MONGIS-MARLIN, C. STATTNER, F. TRIBOULET, G. 
LEPAGE, B. TRESSIERES, B. GAYMARD, A. LANNUZEL (FORT DE FRANCE, Martinique) 
Objective: To analyze the cognitive profile of patients with degenerative parkinsonian syndromes in the French 
West Indies and explore the correlations between cognitive deficits and eye movements recordings. 
Background: In the French West Indies, atypical parkinsonism (AP) and idiopathic Parkinson disease (iPD) 
represent respectively, 70% and 30% of degenerative parkinsonian syndromes. Cognitive assessment and eye-
movement recordings might help to differentiate atypical from idiopathic parkinsonism and represent a marker of 
disease progression. 
Methods: From 2012 to 2016, 180 patients were prospectively recruited in Guadeloupe and Martinique. All patients 
had a cognitive evaluation including the assessment of cognitive efficiency, memory, executive functions, 
visuospatial abilities, language, praxis and mood. For each cognitive test the percentage of patients having an 
abnormal score was compared between groups using Chi-2 analysis, after adjustment for age, socio-cultural level 
and disease duration. Among these patients 117 had an eye-tracking recording (iPD n=42, AP n=75). 
Results: 63 patients had the MDS diagnostic criteria for iPD and 117 had AP. AP patients were significantly more 
impaired than iPD patients for MATTIS Dementia Rating Scal -2 (MDRS2, 82.1% vs. 65.6%, p = 0.032), praxis 
(58.0% vs. 35.7%, p = 0.026), visuospatial abilities (31.6% vs.7.3%; p = 0.02), executive functions (81.0% vs. 
59.3%, p = 0.002) but not memory (63.5% vs. 66.7%, n.s.). The cortical cognitive deficit was more severe in 
patients with impaired vertical gaze. The latencies of horizontal and vertical oculomotor saccades and the percentage 
of errors in antisaccades of all patients were correlated with: MDRS2 scores (rho ranging from -0.32 to -0.48, p < 
0.001), executive functions (rho ranging from -0.30 to -0.48, p < 0.05 to p < 0.001), praxis (rho ranging from -0.31 
to -0.45, p < 0.01) and visual perception (rho ranging from -0.42 to -0.43, p < 0.01). 
Conclusions: Patients with atypical parkinsonism have more severe cognitive deficits including cortical dysfunction 
involving frontal and parietal regions. Oculomotor abnormalities are highly correlated with several cognitive scores 
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suggesting that eye tracking and cognitive testing could lead to the development of diagnostic and monitoring tools 
in Caribbean parkinsonism. 

1721 
Identifying subtypes of Mild Cognitive Impairment in Parkinson’s disease using cluster analysis 
D. Pourzinal, J.H. Yang, G. Byrne, J. O'Sullivan, L. Mitchell, K. McMahon, D. Copland, N. Dissanayaka (St Lucia, 
Australia) 
Objective: To identify cognitive phenotypes within Parkinson’s disease (PD) and compare them to the current 
Movement Disorder Society (MDS) diagnostic standards for Mild Cognitive Impairment in PD (PD-MCI). 
Background: The concept of MCI in PD research has shown potential for identifying at-risk dementia patients. 
However, the Dual Syndrome Hypothesis suggests that there are clinically heterogenous cognitive phenotypes 
within PD-MCI. The present study therefore aimed to identify these subtypes using a data-driven cluster approach 
and define their clinical features. 
Methods: Eighty-five non-demented PD out-patients underwent physical examination, psychological evaluation, 
and cognitive assessment at level II of the MDS diagnostic criteria for PD-MCI. An exploratory K-means cluster 
analysis was performed on 10 variables covering each of the five conventional cognitive domains, reclassified into 
either the executive or memory domain. The final cluster structure was determined on the basis of its quantitative 
strength and theoretical relevance, and clusters were compared on demographic  and clinical measures. 
Results: The resulting cluster structure revealed a progressive gradient of four distinct cognitive phenotypes: 
Cognitively-Intact; Executive-Impaired; Memory-Impaired; and Globally-Impaired. Demographic profiling revealed 
significant differences in the age, gender split, and estimated premorbid IQ of the phenotypes, as well as the severity 
of cognitive (MoCA, PD-CRS) and motor (UP-DRS III) symptoms. However, differences between the clusters on 
measures of levodopa intake, disease duration, depression, apathy, and anxiety were non-significant. 
Conclusions: These results validate the existence of distinct cognitive phenotypes within PD-MCI and establish the 
unique clinical characteristics at each stage of impairment. Future research into the cognitive progression and 
clinical trajectory of each phenotype is recommended moving forward. 

1723 
Cognitive complaint in Parkinson’s disease patients with normal cognition: Canary in the coal mine? 
R. Purri, L. Brennan, J. Rick, S. Xie, B. Deck, L. Chahine, N. Dahodwala, A. Chen-Plotkin, J. Duda, J. Morley, R. 
Akhtar, J. Trojanowski, D. Weintraub (Philadelphia, PA, USA) 
Objective: To determine the frequency and impact of cognitive complaints in Parkinson’s disease (PD) patients 
with normal cognition (NC). 
Background: PD patients are at a high risk for developing mild cognitive impairment (MCI) or dementia (PDD), 
yet little is known about the progression from normal cognition (NC) to MCI or PDD. This is of particular 
importance in the context of the shift in the neurodegenerative disease research landscape to focus on preclinical and 
prodromal patients in an effort to develop more effective and timely intervention strategies. 
Methods: PD patients with expert consensus-determined NC at baseline were asked a single question regarding 
subjective presence of cognitive complaints. Baseline (n=154) and longitudinal (n=123) between-group differences 
in PD patients with (+CC) and without (-CC) cognitive complaints were examined, including both global and 
detailed cognitive test performance, and self- and informant-rated functional abilities. 
Results: Eighty-two (53%) participants reported a cognitive complaint. At baseline there were no between-group 
differences in cognition. Longitudinally the +CC group declined more than the -CC group on global cognition 
(Mattis Dementia Rating Scale-2 total score (F=(1, 435)=5.28; p=0.02) and two detailed cognitive tests (Symbol 
Digit Modalities Test (F=(1, 334.52)=5.98; p=0.02); Trails B (F=(1, 325.46)=6.23; p=0.01). The +CC group also 
demonstrated significantly lower self- and knowledgeable informant-reported cognition-related functional abilities 
at baseline, and declined more on an assessment of global functional abilities longitudinally. 
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Conclusions: PD patients with normal cognition by expert consensus process, but with subjective cognitive 
complaint, perform worse on cognition-specific functional abilities and decline more over time on measures of 
global cognition, executive abilities, and global functional abilities. These findings suggest that subjective cognitive 
complaints and assessment of cognition-related functional abilities may be sensitive indicators of initial cognitive 
decline in PD with long-term prognostic significance. 

1724 
Specific SLC6A3 variant shows association with better memory in PD patients longitudinally 
M. Ramezani, K. Martens, J.S. Provost, I. Kathol, Z. Javer, J. Cheetham, E. Yoon, M. Kibreab, T. Hammer, S.T. 
Lang, T. Alrazi, A. Robichaud, J.R. Sarna, D. Martino, G. Pfeffer, O. Monchi (Calgary, AB, Canada) 
Objective: To study the effect of SLC6A3VNTR on PD patients’ cognition longitudinally. 
Background: Solute carrier family 6 neurotransmitter transporter dopamine member 3gene (SLC6A3) has two 
common VNTR alleles: 10-R and 9-R. 10R/10R patients have higher dopamine reuptake and we have previously 
shown that PD patients with this genotype have higher cortico-striatal activity during Wisconsin-Card-Sorting-Task 
(WCST), an executive-function task (1). 
Methods: 73 PD patients (stage 2 or 3 Hoehn & Yahr) were seen at time 1 (T1) and 36 were followed 18 months 
later (T2). All participants had a blood draw, and their genomic DNA was extracted. The SLC6A3VNTR was 
amplified by PCR and the product was genotyped by running on a 2% Agarose gel with a ladder. COMTrs4680 
genotyping was performed by TaqMan (C2574680950). Participants had a full cognitive assessment and 1-hour 
MRI session in a 3T GE scanner to obtain structural and fMRI data. Task-based fMRI data of each genetic group 
(10-R/10-R) vs (9-R/10-R & 9-R/9-R) was analyzed by FSL. 
Results: Demographics and SLC6A3genotype for participants are shown in (table1). COMTalleles distribution was 
not significantly different between the two groups. In longitudinal analysis, 24 (10-R) and 12 (9-R) participants 
remained. PD patients in 10-R group presented better memory abilities longitudinally, and at T2 when compared to 
9-R group (n=36, tL=2.52 p=0.016 and tT2=2.173, p=0.037). Also, 10-R group had significantly better average z-
scores of Visuo-Spatial domain and MoCA test compared to 9-R group at T2 (Mann-Whitney(M-W) UVS= 69.5 
significance-level= 0.012 and M-W UMoCA= 79.5 significance-level= 0.029).  For longitudinal fMRI analysis, 3 
participants from 9-R and 2 participants from 10-R group were removed due to dementia or inability to complete 
WCST. No region showed activity association in within and between group analysis for planning set-shift (Figure 1 
a & b). For execution of set-shift, higher activity was found in right cerebellum of 10-R group compared to 9-R. 
Higher activity was detected in left superior temporal gyrus of 9-R group compared to 10-R (Figure 1 c & d) (Table 
2). 
Conclusions: PD patients with 10-R/10-R genotype retain better memory abilities longitudinally and higher MoCA 
scores than 9-R group. This might be due to faster reuptake of dopamine in 10-R/10-R carriers.  fMRI data is 
inconsistent at this point and a larger sample size is needed to validate these findings. 
References: 1-Habak C, Noreau A, Monchi O, et al. Dopamine transporter SLC6A3 genotype affects cortico-striatal 
activity of set-shifts in Parkinson’s disease. (2014).Brain.137(11): 3025–3035. 
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1725 
Synuclein-alpha´s variant, rs 894280 shows association with memory and attention in PD patients 
M. Ramezani, O. Monchi, J.R. Sarna, D. Martino, Z. Gan-Or, J.A. Ruskey, T. Alrazi, A. Robichaud, T. Hammer, S.T. 
Lang, J. Cheetham, E. Yoon, M. Kibreab, I. Kathol, J.S. Provost (Calgary, AB, Canada) 
Objective: To assess the effect of rs894280 of Sybnuclein-alpha (SNCA)gene on cognitive profile of idiopathic 
Parkinson’s disease (PD) patients and patterns of neuronal activity during a set-shifting task 
Background: SNCAgene is a prominent causative factor in familial PD but recent studies showed specific variation 
(e.g. rs 894280) associated with cognitive impairment in idiopathic PD (1). 
Methods: 97 participants were recruited including 60 PD patients (Hoehn & Yahr stage II/III) and 37 age-matched 
neurologically Healthy Controls (HC). Genotyping was performed by TaqMan assay (8933128-10). All participants 
had a full assessment of the five main cognitive domains (executive-function, language, memory, attention and 
visuo-spatial). Each individual had one structural and functional MRI scan in a 3T GE scanner. During the scan 
participants completed three runs of the Wisconsin-Card-Sorting-Task (WCST). fMRI data was analyzed using FSL. 
Results: Demographics data of participants are shown in (table 1). Regression test showed a significant association 
between the major allele (CC) and average z-scores of the following cognitive domains in the PD group: memory 
(n=59, R=0.302, p=0.02), and attention (n=59, R=0.289, p=0.027). Homozygous-CC patients had a significant trend 
for higher MoCA scores compared to T positive patients (n=59, Mann-Whitney U test=272.00 significance-
level=0.057). No significant association was found for cognitive data in HC. 
Homozygous-CC patients showed higher activity during planning a set-shift in Posterior Cingulate, Precuneus and 
Superior Temporal regions compared to homozygous-TT patients (figure1). During set-shifting homozygous-CC 
patients showed higher activity than heterozygous carriers in bilateral Dorsolateral Pre-Frontal Cortex, Precuneus 
and Posterior Cingulate Cortex (figure2 and table2). These results reflect previously reported differences between 
patients with Mild Cognitive Impairment (PD-MCI) and patients without Mild Cognitive Impairment (PD-nonMCI). 
Intragroup analysis showed a trend for lower activity during WCST as the number of C alleles was reduced 
(CC>CT>TT) but the number of participants per group was not equal. 
Conclusions: SNCArs894280 has a specific impact on attention, memory, and neuronal activity during executive 
processes in PD patients but this is not the same for HC. Further studies with increased participant numbers are 
necessary to validate these results. 
References: 1-Guella I, Evans DM, Farrer MJ, et al. (2016) α-synuclein genetic variability: A biomarker for 
dementia in Parkinson disease. Annals of Neurology. 79(6) 991-999. 
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1726 
Gut microbiota in Parkinson disease with mild cognition impairment in a southern Chinese cohort. 
T.Z. Ren, K. Nie, L.J. Wang (Guangzhou, China) 
Objective: The aim of this study was to compare the structure of gut microbiota and short-chain fatty acid(SCFAs) 
in PD with mild cognitive impairment (PD-MCI), PD with normal cognition (PD-NC) and healthy controls in 
southern China as well as to determine whether PD with cognitive declining is associated with alteration in the gut 
microbiome and its metabolite-SCFA. 
Background: Mounting studies suggest that the altered gastrointestinal (GI) bacteria plays an important role in 
neurodegeneration disease, including Alzheimer’s disease(AD) and Parkinson’s disease(PD). However, the 
relationship between GI bacteria and PD with mild cognitive impairment remains unexplored. 
Methods: We analyzed fecal bacterial composition of 13 PD-MCIs, 14 PD-CNs and 13 healthy volunteers by using 
16S rRNA next-generation-sequencing and Gas Chromatography-Mass Spectrometer(GC-MS). 
Results: There were significant differences between PD-MCI, PD-NC and healthy controls.After Linear 
Discriminant Analysis(LDA), 7 biomarker-microorganisms of PD-MCI were revealed: Rikenellaceae family-
Alistipes genus, Barnesiella genus, Butyricimonas genus, Ruminococcus species, Klebsiella pneumoniae species, 
Ruminococcus torques species, Odoribacter splanchnicus species, which were more abundant in PD-MCI. 
Concentration of SCFA did not differ between cases and controls(Figure 1). 
Correlation analysis indicated that: 1) MMSE score positively correlated with the Barnesiella genus, Butyricimonas 
genus and Ruminococcus species ( p value = 0.0439; p value = 0.0022; p value = 0.0399) as well as isobutyric acid 
and isovaleric acid ( p value = 0.0203; p value = 0.0319) ; 2) MoCA score positively correlated with the 
Butyricimonas, Odoribacter and Alistipes genus ( p value = 0.0140; p value = 0.0397; p value = 0.0186)(Figure 2). 
Conclusions: The result suggests that the qualitative or quantitative of intestinal microbiome were changed 
significantly in PD-MCI compared with PD-NC and HC. In keeping with recently published studies[1], 
Butyricimonas genus were more abundant in cases( p value = 0.0042). And the more abundance of Klebsiella 
pneumoniae species in PD-MCI was also an attractive finding( p value = 0.0145). Larger and further studies are 
warranted to elucidate the temporal and causal relationships between gut microbiota and PD with cognition decline 
and the suitability of the microbiome as a biomarker. 
References: [1]Qian Y,Yang X,Xu S,Wu C,Song Y,Qin N,Chen SD,Xiao Q.Alteration of the fecal microbiota in 
Chinese patients with Parkinson's disease.Brain Behav Immun.2018 70(2):194-202. 
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1727 
Spoken Language Profiles in Parkinson's Disease: A Potential 'Biomarker' of Cognitive Change? 
A. Roberts (Evanston, IL, USA) 
Objective: To Investigate the differences in spoken language profiles of individuals with Parkinson’s disease (PD) 
compared to healthy controls (HC). 
Background: In the absence of neuropsychological findings, early cognitive changes associated with dementia can 
be detected in spoken language [1]. Spoken language impairments including grammar errors, information 
content/efficiency, coherence, and verbal disfluencies emerge in PD, even in early disease [2-6]. Thus, a spoken 
language biomarker may be a valuable supplement to extant neuropsychological evaluation for monitoring 
cognitive-linguistic changes in real world environments. To this end, understanding comprehensive spoken language 
profiles of individuals with PD without dementia is foundational. 
Methods: Spontaneous language samples from 19 PD participants (M-age = 70.74, M-UPDRS-III = 30.26) and 19 
healthy controls (M-age = 68.16) were collected using two parallel forms of a standardized picture description task 
[7]. The two groups did not differ on standardized measures of speech intelligibility and speech rate. Dementia was 
ruled-out using the MDS Level I criteria, neuropsychological testing, and the Dementia Rating Scale-2. Using 
standardized approaches, we conducted a multi-level discourse analysis evaluating spoken language productivity, 
grammar/syntax, information content, fluency, and lexical diversity [8].  Using multivariate approaches (MANOVA 
and discriminant function analysis), we generated a function that optimally classified spoken language samples 
generated by individuals with PD and HC. 
Results: Syntax complexity, lexical diversity, and total words did not differ between groups and were not included 
in the final algorithm. An optimally weighted, spoken discourse function comprised of % Correct Information Units 
(%CIUs), CIUs/minute, % grammatical utterances, words/minute, and % verbal disruptions categorized discourse 
samples with 82% sensitivity and 87% specificity. 
Conclusions: Results confirm that changes in spoken language occur early in PD, underscoring the 
multidimensional nature of communication impairments in this population. The sensitivity/specificity results suggest 
that spoken discourse is a potential target for further testing as a behavioral biomarker of cognitive impairment in 
PD. 
References: 1. Mueller, K., Koscik, R., Turkstra, L., Riedeman, S., LaRue, A…Johnson, S. (2016). Connected 
language in late middle-aged adults at risk for Alzheimer's disease. Journal of Alzheimer's Disease,54(4):1539-550. 
2. Roberts A. and *Post, D. (2018). Information content and efficiency in Parkinson’s disease spoken discourse. 
Journal of Speech, Language, and Hearing Research, 61, 2259-2274. 3. Roberts A, Orange JB. Discourse in Lewy 
Body Spectrum Disorder. (2013) In: Davis B, Guendouzi J, editors. Pragmatics in Dementia Discourse. Newcastle 
upon Tyne: Cambridge Scholars Publishing; pp. 147-204. 4. Ash S, Xie SX, Gross RG, Dreyfuss M, Boller A, 
Camp E, Morgan B, O’shea J, Grossman M. The organization and anatomy of narrative comprehension and 
expression in lewy body spectrum disorders. Neuropsychology. 2012;26:368-384. 5. Ash, S., Jester, C., York, C., 
Kofman, O., Langey, R…Grossman, M. (2017). Longitudinal decline in speech production in Parkinson’s disease 
spectrum disorders. Brain and Language, 171: 42-51. 6. Murray, L.L. and Lenz, L.P. (2001). Productive syntax 
abilities in Huntington's and Parkinson's diseases. Brain and Cognition, 46(1-2): 213-219. 7. Nicholas, L. E., & 
Brookshire, R. H. (1993). A system for quantifying the informativeness and efficiency of the connected speech of 
adults with aphasia. Journal of Speech and Hearing Research, 36(2), 338-350. 8. Sheratt, S. (2007). Multi-level 
discourse analysis: A feasible approach. Aphasiology, 21 (3-4): 375-393. 
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1728 
Measuring cognitive decline in PD-MCI patients with high level education: Do we have the appropriate tools? 
S. Rosenblum, L. Mentzer, A. Richardson, T. Nevo, S. Meyer, N. Gemerman, S. Hassin-Baer, S. Israeli-Korn, T. Fay-
Karmon, V. Livneh, G. Yahalom (Ramat-Gan, Israel) 
Objective: To explore cognitive, neuropsychological and daily functional-related cognitive deficits among PD 
patients, diagnosed with mild cognitive impairment (MCI). 
Background: Level I diagnostic criteria for PD-MCI includes an abbreviated global cognitive assessment, and 
Level II requires at least two neuropsychological tests that assess cognitive functioning in 5 domains. PD-MCI is 
defined when performance is 1 to 2 standard deviations below cut-off norms scores, or significantly decline from 
estimated premorbid levels. Knowledge about cognitive deficits in the context of daily functioning in this population 
is scarce. 
Methods: The study included 118 participants, ages 40-79, 77 diagnosed with PD who scored 22 to 25 on the global 
cognitive assessment Montreal Cognitive Assessment (MoCA). A control group included 41 healthy controls (HC) 
matched for gender, age, and education level, and scored >25 on the MoCA. All participants achieved <18 on the 
Beck Depression Inventory (BDI). Level II neuropsychological assessment tools were administered along with self-
report questionnaires focused on participant's daily function abilities, such as the Time Organization and 
Participation Scale (TOPS). 
Results: No significant group differences were found for gender, age or education level. Most participants education 
level in both groups was academic (PD: 60%; HC: 70%). 
Analysis revealed a surprisingly low number of participants in the PD-MCI group with cognitive deficit, according 
to the neuropsychological tests cut-off scores (0-56.4%). The highest rates were identified by the Trail Making Test 
A (PD: 56.4%; HC: 19.5%), B (PD: 38.5%; HC: 22.0%), and the Rey-Osterrieth Complex Figure Test (copying PD: 
25.6%; HC: 4.9%; delayed recall (PD: 24.4%; HC: 12.2%). The profiles exhibited higher mean scores and a 
different distribution curve to the norm. The TOPS revealed significant differences between the groups indicating 
deficient ability in timely organization of daily activities and consequent emotional frustration for the PD subjects. 
Conclusions: These results support the ongoing discussion of the complexity of capturing PD-MCI, particularly 
among people with premorbid high education level. Considering the neuropsychological tests results, assessments 
which reflect these people's real-life daily confrontations are warranted. 

1729 
Praxis deficits in patients with Parkinson’s disease: A neuropsychological study 
E. Rounis, G. Pizzamiglio (Oxford, United Kingdom) 
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Objective: 1. To identify presence and subtypes of apraxia in patients with idiopathic Parkinson’s Disease. 
2. To relate praxis deficits in IPD to clinical UPDRS, depression and cognition scores. 
Background: Limb apraxia, a disorder of skilled action despite intact elemental motor, sensory functions, 
comprehension and coordination, has been described in several neurological disorders (Leiguarda and Marsden, 
2000). Notable movement disorders in which apraxia has been described include cortico-basal degeneration, 
progressive supranuclear palsy, and idiopathic Parkinson’s Disease (Leiguarda et al. 1997). 
Methods: 20 patients with idiopathic Parkinson’s disease (mean age 68.9 [61-78];M9:F11) recruited from the 
Oxford Parkinson’s Disease Centre, were tested for presence of limb apraxia, measured on a battery of tasks, 
comparing their performance to deficits measured using the UPDRS, and independent measures of cognition 
(MOCA), response inhibition on a go-no go task, and dexterity (on nine-hole peg testing). Results were analysed 
using Pearson’s correlations, with correction for multiple comparisons. All patients were on levodopa treatment; 
time from levodopa use did not significantly influence performance on praxis and other tasks. 
Results: All but one patient made errors in the praxis tasks. Detailed neuropsychological testing revealed that 9 out 
of 20 patients displayed significant ideomotor deficits, 3 out of 20 patients showed distinct ideational deficits. Both 
ideational and ideomotor deficits correlated with Part 3 of the UPDRS score and with cognitive performance on the 
MOCA. Ideomotor deficits also correlated with deficits in dexterity and response inhibition. Whereas deficits in 
dexterity correlated with PD severity; praxis and cognitive deficits did not. 
Conclusions: The study showed we could identify deficits in limb praxis assessed using batteries of tasks in patients 
with Parkinson’s disease, distinguishing subtypes from other measures such as dexterity. This indicates that praxis 
deficits might have different underlying mechanisms in this disorder and may provide a useful way for stratifying 
patients’ impairments and response to treatments. 
References: 1. Leiguarda, Pramstaller, Merello, Starkstein, Lees, Marsden. 1997. Apraxia in Parkinson's disease, 
progressive supranuclear palsy, multiple system atrophy and neuroleptic-induced parkinsonism. Brain 120 ( Pt 
1):75-90. 2. Leiguarda and Marsden. 2000. Limb apraxias: higher-order disorders of sensorimotor integration. Brain 
123 ( Pt 5):860-79. 3. Zadikoff, Lang. 2005. Apraxia in movement disorders. Brain 128(Pt 7):1480-97. 

1730 
The P3a wave and cognitive decline in relation to Parkinson’s disease severity 
G. Sánchez Dinorín, M. Rodríguez Violante, A. Cervantes Arriaga, C. Navarro Roa, R. Solís Vivanco (Mexico City, 
Mexico) 
Objective: To explore the association between the P3a wave, cognitive decline, and severity of Parkinson’s disease 
(PD). 
Background: It has been proposed that cognitive changes in PD obey an antero-posterior sequence as disease 
progresses, but it has not been entirely described their association with disease’s severity. On the other hand, the P3a 
wave has been proposed as a reliable marker of PD’s progression, but it is not clear whether it has a relation with 
different cognitive functions or with PD’s severity [1]. As PD involves neurodegenerative processes, it is relevant to 
identify the potential moderator effects of severity when accounting for disease’s cognitive and electrophysiological 
changes. 
Methods: Participants were 31 PD patients and 11 healthy controls (HC) similar in age and education. All patients 
were recruited from the National Institute of Neurology and Neurosurgery in Mexico City. All the participants 
carried out an exhaustive neuropsychological assessment in accordance to the MDS Taks Force criteria [2]. Severity 
of the disease was assessed using the MDS-Unified Parkinson’s Disease Rating Scale Part III (MDS-UPDRS III). A 
classic auditory oddball task (800 stimuli, 85% frequent, 15% deviant) was performed by all participants while an 
EEG was recorded from 60 channels in order to obtain the P3a wave. 
Results: The P3a amplitude was significantly smaller in the PD group (p=.03). Few differences were found for 
neuropsychological domains between groups, all of which favored HC over PD group, and included the copy of the 
Rey-Osterrieth Complex Figure (p=.02), Visual Detection Task (p=.003), Trail Making Test A and B (p=.005 and 
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p=.004 respectively), and the Five Digit Test (shifting, p=.002). Both the P3a and almost all neuropsychological 
scores were significantly associated with PD severity [table1]. 
Conclusions: The P3a showed an amplitude reduction in the PD group and a negative correlation with severity. 
Though few cognitive differences were found by just considering clinical vs control groups, most of the test scores 
showed significant correlations with severity. Thus, cognitive decline in patients shall not be accounted just by 
presence of the pathology but by its interaction with severity. Given its association with severity and cognitive 
decline, our results support the proposal of considering the P3a as a biomarker of disease progression. 
References: 1. Solís-Vivanco, R., Rodríguez-Violante, M., Rodríguez-Agudelo, Y., Schilmann, A., Rodríguez-
Ortiz, U., & Ricardo-Garcell, J. (2015). The P3a wave: A reliable neurophysiological measure of Parkinson’s 
disease duration and severity. Clinical Neurophysiology, 126, 2142-2149. 2. Litvan, I., Goldman, J. G., Tröster, A. 
I., Schmand, B. A., Weintraub, D., Petersen, R. C., … Emre, M. (2012). Diagnostic criteria for Mild Cognitive 
Impairment in Parkinson’s disease: Movement Disorder Society Task Force Guidelines. Movement Disorders, 
27(3), 349-356. 
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1731 
The utility of DCTclock™ (the digital clock drawing test) for unmasking early cognitive decline in 
Parkinson’s disease 
T. Schejter Margalit, R. Kizony, B. Cohen, A. Thaler, W. Souillard-Mandar, A. Holway, V. Irzhevsky, A. Orr-
Urtreger, J. Cederbaum, N. Giladi, A. Mirelman (Tel Aviv, Israel) 
Objective: To examine the utility of DCTclock, for assessing subtle cognitive impairments in early Parkinson's 
disease (PD). 
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Background: The identification of cognitive decline is crucial for ensuring independence in daily living. 
Standardized cognitive tests often provide crude information on cognitive impairments. Digital technology has the 
ability to deliver more granulated measures which can improve sensitivity of detecting early cognitive decline in 
people with PD. We used the DCTclock test, a digitizing pen that captures the pen position at a rate of 75Hz and 
analyzes the entire drawing process to measure cognitive processing and motor performance of the clock drawing 
tasks. 
Methods: Participants underwent a thorough neurological and medical examination, followed by a 
neuropsychological exam, including the Montreal Cognitive Assessment (MoCA), Color Trails Test (CTT) and 
DCTclock. Participants were instructed to draw a clock with the hands pointing at ten past eleven, and then asked to 
copy a clock showing the same time. Outcome measures included performance time, motor (e.g. pen stroke speed) 
and cognitive components (e.g. information processing speed) presented as standardized scores, as well as an overall 
score for performance on the test (range from 0 to 100). Descriptive analysis was performed to compare the 
DCTclock with the MOCA, CTT scores. 
Results: 128 patients with PD (64% males mean age:65.8±9.8, H&Y I-II, mean disease duration 3.6±3.1 years, 
UPDRS-III 20.5±10.4 and mean years of education 15.5±2.5) participated in this study. The median MoCA score 
was 24 with 64% showing cognitive decline (MoCA <26). Mean CTT scores were 66.58±28.08s and 140.50±63.72s 
for CTT1 and CTT2 respectively, with only 50% classified as impaired. DCTclock mean score was 42.4±25.03 (1.9-
94.7) with 88% classified as impaired. DCTclock information processing identified 93.6% of participants classified 
as having cognitive decline by the MoCA and 89.5% of those with impaired CTT scores with specificity of 53.6% 
and 77.3% respectively. DCTclock was impaired in 20% of patients with normal MoCA scores. 
Conclusions: Using digital technology DCTclock can provide additional sensitive information relating to specific 
cognitive domains and potentially identify additional subtle cognitive decline compared to standard measures in 
early stages of PD. 

1732 
Movement disorders spectrum in patients with frontotemporal dementia 
U. Shpilyukova, E. Fedotova, D. Grishina, S. Illarioshkin (Moscow, Russian Federation) 
Objective: To determine frequency of different hypokinetic and hyperkinetic movement disorders (MD) within a 
spectrum of frontotemporal dementia (FTD): we examined patients with behavioral and language variants of FTD 
and with C9orf72-associated genetic form of the disease. 
Background: FTD is a heterogeneous group of neurodegenerative disorders. Main clinical manifestations of FTD 
include aphasia and behavioral disturbances. In addition, FTD can present with various hyperkinetic and hypokinetic 
MD. The most frequent genetic cause of FTD in different populations is caused by hexanucleotide repeat expansion 
in C9orf72 gene. The prevalence of MD in FTD has not been studied enough. 
Methods: We examined the occurrence of MD phenomenology in a group of patients with FTD (N=22, the mean 
age 65y.o., mean age of onset 61y.o.). We also assessed the MD prevalence in three subgroups: 1) behavioral 
variant, bvFTD (N=11, mean age 68y.o., mean age of onset 64y.o.) 2) language variant of FTD – progressive non-
fluent aphasia, PNFA (N=11, mean age 62y.o., mean age of onset 57y.o.) 3) patients with C9orf72 repeat expansion 
(N=4: PNFA=1, bvFTD=3, mean age 67y.o., mean age of onset 63y.o.). We evaluated the prevalence of hypokinetic 
MD, such as parkinsonism and corticobasal syndrome, and hyperkinetic MD such as tremor and myoclonus. 
Results: In the whole group of FTD, MD were observed in 59% of patients, and some of them had more than one 
type of MD. In total, the MD spectrum was presented by tremor (27%), parkinsonism (22%), CBS (18%), and 
myoclonus (14%). In the subgroup of bvFTD the occurrence of MD was 82%, among them tremor was found in 
36% of cases, parkinsonism in 36%, CBS in 36%, and myoclonus in 9%. In PNFA subgroup the occurrence of MD 
was 27%, among them tremor was found in 18%, myoclonus in 9% and parkinsonism in 9%. The occurrence of MD 
in the subgroup of C9orf72-associated FTD was 75%, among them tremor was seen in 50%, myoclonus in 50% and 
parkinsonism in 50%. 
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Conclusions: Different types of hyper- and hypokinetic MD could accompany FTD quite often. We found more 
frequent occurrence of MD in patients with bvFTD compared to PNFA. This difference may be related with 
different molecular pathogenesis of the forms under study, as well as with more vulnerable afferents from frontal 
cortex to subcortical gray matter in patients with bvFTD. We also found high frequent of MD in patients with 
C9orf72-associated FTD. 
The study was supported by RFBR #19-015-00533 

1733 
Cognitive impairment in Parkinson's Disease: A cross-sectional association study 
A. Simon, C. Rodriguez-Blazquez, M.J. Forjaz, P. Martinez-Martin (Madrid, Spain) 
Objective: To characterize the presence and clinical presentation of PD-MCI and PDD in patients with idiopathic 
PD, examining motor and non-motor features and determining factors associated with cognitive impairment. 
Background: Cognitive impairment is one of the most frequent and disabling non-motor symptoms in Parkinson's 
disease (PD) [1] and encompasses a continuum from mild cognitive impairment (PD-MCI) to dementia (PDD) [2]. 
The risk factors associated with them are not completely elucidated [3]. 
Methods: A multi-center, cross-sectional study in 298 PD patients, that underwent clinical, neurological, 
neuropsychological and neuropsychiatric assessment. Movement Disorders Society (MDS) criteria [4,5] were 
applied for classifying the patients as normal cognition (NC), PD-MCI and PDD. The association between variables 
was explored using multivariate binary and multinomial logistic regression models. 
Results: 72 (24.2%) patients were classified as NC, 82 (27.5%) as PD-MCI and 144 (48.3%) as PDD. PDD and PD-
MCI groups reported more psychosocial problems related with the disease (mean SCOPA-PS 16.27 and 10.39, 
respectively), compared with NC (7.28) and lower quality of life outcomes (PDQ-8 48.98 and 28.42, respectively) 
compared to NC (19.05). The logistic regression analysis showed that both cognitive impaired groups had a more 
severe stage of PD measured by Hoehn and Yahr (odds ratio for MCI-PDD, OR 2.45, 95% confidence interval, CI 
1.22-4.90, OR for PDD 2.64, 95%CI 1.17-5.98). Specifically, age (OR 1.30, 95%CI 1.16-1.47), disease duration 
(OR 1.19, 95%CI 1.07-1.32), SCOPA-PC (OR 1.12, 95%CI 1.02-1.24), HADS-D (OR 1.20, 95% CI 1.06-1.35), and 
hallucinations (OR 2.98, 95%CI 1.16-7.69) were related to PDD. 
Conclusions: Cognitive impairment in PD is associated with more severe disease stage, resulting in a global, 
neuropsychiatric, psychosocial and quality of life deterioration. This study provides a better understanding of the 
great impact that cognitive impairment has within the natural history of PD and its relationship with the rest of 
motor and non-motor symptoms in the disease. 
References: 1. Xu Y, Yang J, Shang H. Meta-analysis of risk factors for Parkinson’s disease dementia. Transl 
Neurodegener. 2016;5:11. 2. de Lau LML, Verbaan D, Marinus J, van Hilten JJ. Survival in Parkinson’s disease. 
Relation with motor and non-motor features. Parkinsonism Relat Disord. 2014;20(6):613-6 3. Zhu K, van Hilten JJ, 
Marinus J. Predictors of dementia in Parkinson’s disease; findings from a 5-year prospective study using the 
SCOPA-COG. Parkinsonism Relat Disord. 2014;20(9):980-5. 4. Litvan I, Goldman JG, Tröster AI, Schmand BA, 
Weintraub D, Petersen RC, et al. Diagnostic criteria for mild cognitive impairment in Parkinson’s disease: 
Movement Disorder Society Task Force guidelines. Mov Disord. 2012;27(3):349-56. 5. Dubois B, Burn D, Goetz C, 
Aarsland D, Brown RG, Broe GA, et al. Diagnostic procedures for Parkinson’s disease dementia: recommendations 
from the movement disorder society task force. Mov Disord. 2007;22(16):2314-24. 

1734 
Relationship between cognitive performance and mobility in patients with Parkinson´s disease: A cross-
sectional study 
N. Sousa, R. Macedo, S. Brucki (Salvador, Brazil) 
Objective: To investigate the relationships between cognitive ability (global and single domain-executive functions) 
and gait performance (balance, gait speed and mobility) in patients with Parkinson's Disease (PD) who attended to 
a hospital neurorehabilitation program. 
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Background: In addition to motor symptoms, about 25% of newly diagnosed PD suffers present with cognitive 
deficits [1,2]. Changes in gait may be associated with cognitive impairment, frequently involving executive 
functions, and slow speed predicts cognitive impairment and dementia [3,4]. Cross-sectional studies show an 
association between decline in mental flexibility and inhibitory control with reduced gait speed and falls, as well as 
divided attention deficit and difficulty to initiate gait [5,6,7]. 
Methods: The study was cross-sectional. Descriptive and inferential statistics (Pearson's correlation) were used for 
data analysis. The cognitive functions were evaluated through Digit Span Test, Trail A and B Test, Mental Control, 
Phonemic Verbal Fluency Task and total and indices Addenbrooke’s Cognitive Examination III score. The motor 
function was assessed through 10-meter walk test, Mini BESTest and Timed Up and Go Test. 
Results: A total of 65 patients were included in this study. Of these, 66.15% were males, mean age was 61.14 (8.39) 
years, mean educational were 12 (8) years, disease progression time was 5.45 (4.37) years. 64.61% were in stages I 
and II of the Hoehn & Yahr stage. The correlation analyses showed that balance skills are significantly correlated 
with ability to switch attention between two tasks and visuospatial function. Furthermore, function mobility showed 
significant correlation with all cognitive tests. No correlations were observed with gait speed test.This study showed 
a significant correlation between measures of attention, mental flexibility and operational memory with functional 
motor mobility [table 1]. 
Conclusions: Data suggest the importance of the aspects of switch attention and mental flexibility in gait, 
evidencing the greater difficulty for double tasks. These findings might help early identification of cognitive deficits 
or motor dysfunctions in patients with PD who may benefit from rehabilitative strategies. Future prospective studies, 
with larger samples and other motor variables related to gait and falls, are needed to strengthen our results. 
References: 1. Bocanegra Y, Trujillo-Orrego N, Pineda D. [Dementia and mild cognitive impairment in Parkinson’s 
disease: a review]. Rev Neurol. 2014;59(12):555–69. 2. Barbosa AF, Souza C de O, Chen J, Francato DV, 
Caromano FA, Chien HF, et al. The competition with a concurrent cognitive task affects posturographic measures in 
patients with Parkinson disease. Arq Neuropsiquiatr. 2015 Nov;73(11):906–12. 3. Savica R, Wennberg AM V, 
Hagen C, Edwards K, Roberts RO, Hollman JH, et al. Comparison of Gait Parameters for Predicting Cognitive 
Decline: The Mayo Clinic Study of Aging. J Alzheimer’s Dis. 2017;55(2):559–67. 4. Burn DJ, Rowan EN, Allan 
LM, Molloy S, O’Brien JT, McKeith IG. Motor subtype and cognitive decline in Parkinson’s disease, Parkinson’s 
disease with dementia, and dementia with Lewy bodies. J Neurol Neurosurg Psychiatry. 2006. May;77(5):585–9. 5. 
Arie L, Herman T, Shema-Shiratzky S, Giladi N, Hausdorff JM. Do cognition and other non-motor symptoms 
decline similarly among patients with Parkinson’s disease motor subtypes? Findings from a 5-year prospective 
study. J Neurol. 2017. 6. Yao, Yuan Shao, Xiang Han. Freezing of gait is associated with cognitive impairment in 
patients with Parkinson disease. Neuroscience Letters. 2017. 656:126–130. 7. Pigott K, Rick J, Xie SX, Hurtig H, 
Chen-Plotkin A, Duda JE, et al. Longitudinal study of normal cognition in Parkinson disease. Neurology. 2015 Oct 
13;85(15):1276–82. 
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1735 
Cognitive Training in Parkinson's Disease: Experience in a Rehabilitation Hospital from Brazil 
N. Sousa, A. Neri, I. Brandi, S. Brucki (Salvador, Brazil) 
Objective: To determine the impact of cognitive training (CT) on cognitive and quality of life measures in patients 
with Parkinson's Disease (PD). 
Background: PD is a common neurodegenerative disorder, characterized by motor and nonmotor symptoms. 
Among the nonmotor features PD, cognitive impairment is one of the most troublesome problems [1]. PD patients 
have a high risk of developing Mild Cognitive Impairment (MCI) and this is a predictor of dementia and worse 
disease course. Pharmacological treatments, specifically for MCI, are lacking, and alternative approaches have 
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recently been implemented, including cognitive rehabilitation [2,3,4]. Advances in this area depend on selection of 
patients with a homogeneous cognitive phenotype as well as definition of appropriate timing of intervention. 
Methods: Longitudinal and uncontrolled study. Intervention group with up to 6 patients, random 
sampling, previously evaluated, in eight structured sessions and under standardized mediation. Before and after the 
intervention, the questionnaire of quality of life (Parkinson's Disease Questionnaire-PDQ-39), Addenbrooke’s 
Cognitive Examination III (ACE-III) and executive functions tests (Digit Span and Trail Making Test-TMT, A and 
B) were applied. Inclusion criteria: severity of Parkinsonian symptoms, evaluated by the Hoehn and Yahr stage 
(H&Y) until III score; Scores in the Beck Depression and Anxiety Inventories, with minimal and mild intensity 
(BDI ≤16 and BAI ≤15). 
Results: We included 25 patients with MCI (22 men), according to the Movement Disorder Society criteria, divided 
into four groups. Mean age 64.4 years (max= 75, min= 52), mean schooling of 13.7 years, 6.5 years of disease 
progression, H-Y stage I in 48%, II in 40% and III in 12%. The patients submitted to the program had significant 
improvement in the ACE-III scores (mainly in attention, language and visuospatial aspects) [table 1]. 
Conclusions: This study shows the benefits of cognitive rehabilitation strategies were observed in patients with 
MCI in PD, with cognitive improvement and quality of life. Engagement in cognitive activities was associated with 
better cognitive abilities in PD, independent of education, age and duration of disease. It is an ongoing study with 
some methodological adaptations, such as randomization and control group, in order to increase the efficacy of these 
findings. 
References: 1. Bocanegra Y, Trujillo-Orrego N, Pineda D. [Dementia and mild cognitive impairment in Parkinson’s 
disease: a review]. Rev Neurol. 2014;59(12):555–69. 2.Cerasa A, Gioia MC, Salsone M et al. (2014). 
Neurofuncional correlates of attention rehabilitation in Parkinson's disease: an explorative study. Neurol Sci. 
2014;35(8):1173-80. 3. Petrelli A, Kaesberg S, Barbe MT et al. Cognitive training in Parkinson´s disease reduces 
cognitive decline in the long term. Eur J Neurol. 2015;22(4):640-7. 4. Ventura MI, Edwards JD, Barnes DE et al. 
More than just a movement disorder: why cognitive training is needed in Parkinson disease. Neurology, 2015; 
85(21):1828-9. 
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1736 
Introduction of an Assessment Toolkit Increases the Rate of DLB Diagnosis 
A. Surendranathan, J. Kane, A. Bentley, S. Barker, J. Taylor, A. Thomas, I. Mckeith, D. Burn, J. O'Brien 
(Cambridge, United Kingdom) 
Objective: To assess whether diagnostic rates of both Parkinson’s disease dementia (PDD) and dementia with Lewy 
bodies (DLB) could be increased by the introduction of a structured assessment toolkit for clinicians. 
Background: Diagnostic rates for DLB and PDD in clinical practice in the UK were recently found to be 4.6% and 
9.7% respectively [1].  The rate of DLB was below that found in pathological studies, which report a rate of more 
than 15%. The proportion of Parkinson’s disease (PD) cases with dementia was also below that expected, with the 
majority of clinical studies revealing a prevalence of between 20% and 30%. 
Methods: An assessment toolkit was produced based on the established diagnostic criteria for DLB and PDD, with 
the aim of providing a structured framework for clinicians to assess patients suspected of either condition [2][3]. 
 
The toolkits were introduced to clinicians working in services within the North East and East Anglia within the UK, 
the same two regions we previously sampled. Teaching sessions on using the toolkits were provided to clinicians by 
the investigators. In total, four memory clinics and three movement disorder/PD clinics were then reassessed for the 
rate of diagnosis of DLB and PDD, respectively, using exactly the same methodology previously used to ascertain 
baseline diagnostic rates. 
Results: For DLB, 2058 case notes were reviewed from memory clinics and DLB was diagnosed in 6.2% of 
dementia cases [figure 1]. This is an absolute rise of 1.6%, equal to a 35% increase in the cases diagnosed, compared 
to the previously reported rate of 4.6% prior to the introduction of the DLB toolkit (P=0.021).   With respect to 
PDD, 3405 case notes were reviewed from movement disorder or PD clinics across the two regions. The number of 
PD patients diagnosed with PDD was not found overall to be significantly different after the introduction of the 
toolkit: 8.2% compared to the prior rate of 9.7%, P=0.09, though with some variation between regions. 
Conclusions: Introduction of the assessment toolkit significantly increased the rate of DLB diagnosis, suggesting 
that a structured means of assessing patients for DLB could assist clinicians and improve rates of diagnosis. 
 
The assessment toolkit did not alter the overall rate of PDD diagnosis, meaning alternate means may be required to 
improve the rate of diagnosis of dementia in Parkinson’s disease. 
References: [1] Kane, J.P.M. et al., 2018. Clinical prevalence of Lewy body dementia. Alzheimer’s research & 
therapy, 10(1), p.19. [2] Thomas, A.J. et al., 2017. Development of assessment toolkits for improving the diagnosis 
of the Lewy body dementias: feasibility study within the DIAMOND Lewy study. International Journal of Geriatric 
Psychiatry, 32(12), pp.1280–1304. [3] Thomas, A.J. et al., 2018. Revision of assessment toolkits for improving the 
diagnosis of Lewy body dementia: The DIAMOND Lewy study. International Journal of Geriatric Psychiatry, 
(January), pp.1293–1304.. 
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1737 
Neurocognitive changes after STN-DBS among PD patients – a 2-year follow-up study in Hong Kong 
V. Tang, D. Chan, X.L. Zhu, D. Chan, C. Lau, A. Chan, K. Ma, J. Yeung, V. Mok, W. Poon (N.T., Hong Kong) 
Objective: The study aimed to examine the neurocognitive changes following STN-DBS in patients with PD. 
Background: Neurocognitive evaluation is a standard procedure preoperatively in patients with PD for STN-DBS 
in Hong Kong. There have been increasing reports on postoperative neurocognitive outcomes; reduction of verbal 
fluency was consistently reported (Højlund et al., 2017). Unlike the fluency tests used in the West where most 
studies were conducted, phonemic fluency is not measurable in the Chinese language structure. Instead, semantic 
fluency is used. Previously, our group reported reduction of semantic verbal fluency among a small cohort (n=27) at 
6-month through 1-year postoperation (Tang et al., 2015); alongside other cognitive changes including memory 
improvement. The present study aimed to investigate the interval changes of neurocognitive functions following 
STN-DBS from baseline to 2-year postoperation. 
Methods: A neurocognitive battery was performed, included Chinese-validated tests on global cognitive function 
(HK-MoCA), attention/working memory, memory, language, visuospatial abilities, executive functions and mood. 
All patients were evaluated at their optimal functioning at baseline, 1-year and 2-year postoperation. 
Results: A total of 51 patients (mean age=57.2; range 38-72) underwent bilateral STN-DBS in the Prince of Wales 
Hospital Hong Kong between 2008 and 2016 were analyzed. 31 (60.8%) were male. 33 (65%) completed high 
school education. The average year of disease duration was 10.84 (SD=3.90; range 4-23 years). Using repeated 
measure ANOVA, there were significant deterioration postoperatively, including reaction time in visual attention 
[F(1.84, 100.21)=15.42, p<0.001], nonverbal memory [F(1.81, 11.17)=5.95, p=0.005], naming [F(1.81, 18.51)=5.61, 
p=0.007], and semantic verbal fluency [F(1.81, 151.55)=15.52, p<0.001]. On the contrary, there were significant 
improvement on verbal memory [F(1.91, 402.36)=9.87, p<0.001] and reduction on false alarm in memory 
recognition [F(1.74, 17.19)=5.18, p=0.01]. Post hoc analyses showed that all significant changes occurred from 
baseline to 1-year postoperation. 
Conclusions: Details of postoperative cognitive changes will be discussed, including the possible mechanisms of 
memory improvement the performance of our cohorts in semantic fluency. The results also provided information 
that allowed better patient education among Chinese-Cantonese patients. 
References: Højlund A, Petersen MV, Sridharan KS, Østergaard K. Worsening of Verbal Fluency After Deep Brain 
Stimulation in Parkinson's Disease: A Focused Review. Computational and Structural Biotechnology Journal 2017; 
15: 68-74 Tang V, Zhu CXL, Chan D, Lau C, Chan A, Mok V, Yeung J, Poon WS. Evidence of improved 
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immediate verbal memory and diminished category fluency following STN-DBS in Chinese-Cantonese patients 
with idiopathic Parkinson’s disease. Neurological Sciences 2015; 36: 1371-1377. 

1738 
Heart Rate Variability and Cognitive Impairment in Parkinson's Disease 
C. Terroba-Chambi, D. Vigo, M. Merello (CABA, Argentina) 
Objective: To evaluate the association between the heart rate variability (HRV) and cognitive impairment in PD 
patients. 
Background: Emerging evidence suggests an association between cognitive impairment and autonomic dysfunction 
in Parkinson’s disease (PD). However, there is lack of information between the relationship of HRV and changes in 
cognition in this population. 
Methods: Nineteen consecutive PD patients without dementia in Hoehn & Yahr stage 2.1±0.2 mean (SD) enrolled 
in a prospective study of Fear of Falling and falls were assessed by short-term HRV analysis and blood pressure 
measures during postural changes. EKG were recorded during 5 minutes in resting (RS) and standing (SS) states. 
Time domain (Mean RR, SDNN, RMSSD), frequency domain (VLF, LF, HF, LF/HF) and non-linear (DFA α1, 
DFA α2, SampEn) parameters were calculated. Data in RS and SS and its difference (DS) were analyzed. Cognitive 
performance was evaluated by MoCA, Frontal Assessment battery [FAB], Trail making test [TMT-B], Digit symbol 
modality test [DSMT], phonemic fluency and Stroop word-color test [SCWT]. 
Results: Eleven patients (57%) were classified as mild cognitive impairment (PD-MCI) by MoCA. The mean (SD) 
of age and illness duration were 70.9 ± 6.5 and 8.1 ± 4.7 years respectively. There was no difference in age, gender, 
illness duration, blood pressure, LED or any MDS-UPDRS scores between groups with or without MCI; MCI-group 
showed significantly higher LF/HF-SS ratio (p=0.032), lower RMSSD-DS (p=0.003) and lower SampEn-DS 
(p=0.032) than non-MCI group. The poorer performance in multiple cognitive domain tests was significantly 
associated with HRV indexes: the phonemic fluency scores with reduced overall HRV (RMSSD-SS p=0.016; 
SDNN-RS p=0.039; SDNN-SS p=0.016); decreased baroreflex function (LF-SS p=0.029; HF-RS p=0.017; HF-SS 
p=0.037) and SampEn-SS p=0.049); MoCA test was associated to lower RMSSD-DS (p=0.003) and higher DFA 
α2-SS (p=0.044); SWCT was associated to higher values of DFA α2-SS (p=0.026) and DFA α2-DS (p=0.024). No 
significant differences were found between groups with or without MCI or any independent cognitive test and blood 
pressure measures during postural changes. 
Conclusions: Reduced HRV reflecting decreased parasympathetic activity independently of orthostatic hypotension 
is significantly associated with PD-MCI. Considering the high rate of conversion of PD-MCI to PDD its role as 
predictive biomarker should be explored in future studies. 

1739 
Vascular white matter involvement in Idiopathic Normal Pressure Hydrocephalus: association with cognitive 
and motor impairment 
M. Todisco, P. Vitali, B. Minafra, F. Avantaggiato, R. Zangaglia, N.G. Pozzi, R. Ceravolo, C. Pacchetti (Pavia, 
Italy) 
Objective: To explore the relationship between vascular subcortical encephalopathy, ventricular dilation and 
clinical severity in idiopathic normal pressure hydrocephalus (iNPH). 
Background: The frequent co-occurrence of iNPH and vascular white matter lesions (WML) has been well 
described in previous literature. Although the clinical impact of WML on iNPH severity is generally acknowledged, 
the relation between these two conditions is still under investigation. 
Methods: 52 consecutive patients (33 males, aged 77,7 +/-4) diagnosed with iNPH following the International NPH 
Consultant Group Guidelines were enrolled from our Movement Disorders clinic. Clinical history concerning 
cardiovascular risk factors was collected for each subject. Participants underwent complete neurologic evaluation, 
coupled with standardized motor (iNPH gait and balance scales) and cognitive (MMSE and MoCA test) assessment, 
and 3 Tesla brain MRI for standardized measurement of WML and NPH (Fazekas scale, Evans’ index). Subjects 
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were subsequently divided into two groups, depending on radiological severity of vascular disease: Group 1 (23 
subjects, Fazekas score 5-6, corresponding to moderate/severe vascular involvement), and Group 2 (22 subjects, 
Fazekas score 0-4, absent/mild vascular involvement). 
Results: Statistical analysis revealed a significant correlation between motor and cognitive performance (p=0.028, 
R=0.31), no correlation between ventriculomegaly (evaluated through Evans’ index - EI) and WML, no association 
between EI and disease severity. Patients with moderate/severe vascular disease showed worse cognitive and motor 
performance than patients with mild or absent vascular involvement (p=0.013 and p=0.02 for cognitive and motor 
performances, respectively), despite no evidence of different prevalence of cardiovascular risk factors. 
Conclusions: Our study confirms the role of vascular white matter disease as a major determinant of both motor and 
cognitive impairment severity in patients with iNPH. The degree of vascular involvement is not entirely related to 
cardiovascular risk factors, suggesting a specific etiology, directly related to iNPH. As WML does not correlate with 
EI values, more complex hypotheses than plain mechanical compression should be taken into consideration in future 
studies, possibly involving the glymphatic system. 

1740 
Role of Alzheimer’s Disease Genetic Risk Variant rs9331896 in Cognitive Decline in Parkinson’s Disease 
T. Tropea, L. Baratta, K. Maddy, M. Guo, J. Rick, V. Van Deerlin, J. Trojanowski, D. Weintraub, A. Chen-Plotkin 
(Philadelphia, PA, USA) 
Objective: To investigate whether susceptibility loci for Alzheimer's disease (AD) are associated with rates of 
longitudinal cognitive decline in Parkinson’s disease (PD). 
Background: Parkinson’s disease is the second most prevalent neurodegenerative disease. In addition to cardinal 
motor symptoms, the majority of PD patients experience significant cognitive impairment long-term. Cognitive 
impairment can arise and progress at any point in the disease course, while also varying widely in severity between 
individuals. At autopsy, the presence of co-morbid AD pathology – beta-amyloid plaques and tau neurofibrillary 
tangles – correlates with more severe cognitive outcomes, such as dementia, in PD. However, the role of common 
AD-risk genetic variants in the development of cognitive decline and dementia in PD is poorly understood. 
Methods: 151 non-demented patients with established, idiopathic PD patients were followed for 1-9 years (mean 
2.92 years). A linear mixed-effects model was used to test for associations between long-term cognitive decline 
(total Montreal Cognitive Assessment (MoCA) or Mattis Dementia Rating Scale-2 (DRS-2) scores) and AD-risk 
genotype at 19 single nucleotide polymorphisms (SNPs) previously identified by genome-wide association studies 
of AD. The association of clusterin protein expression in cerebrospinal fluid (CSF) on cognitive function was 
assessed via linear regression. Models were adjusted for APOEgenotype, sex, age, and baseline MoCA score. 
Results: The risk allele at rs9331896, whose nearest gene is CLU, previously associated with increased risk for 
developing AD, also predicts rate of longitudinal cognitive decline in PD. In addition, a lower level of clusterin 
protein in CSF was associated with cognitive impairment cross-sectionally and cognitive decline longitudinally. 
Conclusions: The AD-risk genotype at rs9331896 and lower CSF clusterin protein expression is associated with a 
faster rate of cognitive decline in PD. Future studies to validate these findings in additional PD cohorts are 
warranted. 

1741 
Mild Cognitive Impairment in Young Onset Parkinson Disease 
A. Troster, C. Schweer (Phoenix, AZ, USA) 
Objective: To identify the prevalence of Parkinson disease mild cognitive impairment (PD-MCI) in a group of 
persons with young onset Parkinson disease (YOPD) consecutively referred for neuropsychological evaluation to a 
tertiary care center. The study also sought to explore the cognitive domains most impacted by PD-MCI in YOPD. 
Background: It has been consistently shown that age is a major risk for dementia in PD and that dementia occurs 
much more frequently in PD than YOPD. It seems to be often assumed that cognition is thus intact in YOPD and 
virtually no attention has been paid to potential cognitive issues in YOPD. Importantly, PD-MCI has been estimated 
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to occur at time of diagnosis in about 20-35% of PD, but it is unknown whether MCI occurs in YOPD and, if so, 
which cognitive domains are impacted. 
Methods: 89 consecutively referred persons with YOPD underwent neuropsychological evaluation using at least 
two tests per each of 5 cognitive domains: attention, executive function, language, visuospatial function, and 
memory. Diagnosis of PD-MCI was established using the MDS Level II criteria and using a test score cutoff of 1.5 
SD below the normative mean (age and/or education corrected). Analyses were undertaken using chi-square, t-tests 
and analysis of covariance. 
Results: 40 of 89 (44.9%) of YOPD had PD-MCI but none had dementia. Groups with and without PD-MCI were 
of similar age, gender, and disease duration. The most frequent impairments occurred on tests of memory (48.7% 
had at least 2 scores below cutoff) and executive function (15.4% had had at least 2 scores below cutoff). By 
contrast, attention, language, and visuoperceptual task performance rarely revealed impairments via 2 scores or tests 
(0-5%). 
Conclusions: PD-MCI occurs more frequently than expected in YOPD although rates might be lower in community 
samples. This finding of common PD-MCI in YOPD is of clinical significance, because cognitive compromise has 
the potential to detrimentally impact quality of life given that persons with YOPD are often still working and caring 
for younger family members. Impact of PD-MCI on quality of life will be explored in a future study. 

1742 
Cognitive multi-domain assessment in Parkinson's disease: A more sensitive approach 
C. Trujillo, S. Baez, E. Herrera, A. Garcia, A. Ibañez, J. Cardona (Santiago de Cali, Colombia) 
Objective: To examine the usefulness of the joint assessment of syntactic and socio-emotional processing in the 
discrimination and classification of early Parkinson´s disease (PD) patients and controls, and PD patients in ‘on’ and 
‘off’ medication state (PD-on and PD-off, respectively). 
Background: Syntactic and socio-emotional processing tasks have shown to be sensitive tools to tap the integrity of 
frontostriatal circuits (1-3). However, and despite the recent calls for multidimensional assessments in neurological 
conditions, no study has yet explored whether PD patient discrimination and classification can be improved through 
the joint evaluation of both domains. 
Methods: First, we compared the performance of 31 PD patients vs 24 controls, and 15 PD-on vs 16 PD-off patients 
on two syntactic processing tests (Touching A with B and the Embedded Sentences subtests of the Boston 
Diagnostic Aphasia Examination), and on an experimental task triggering Schadenfreudeand envy. Second, we 
performed multiple group discriminant function analyses (MDA) and two receiver-operating characteristics (ROC) 
curves to determine which of the measures showing between-group differences best discriminate between (a) PD 
patients and controls, and (b) PD-on and PD-off patients. 
Results: PD patients reported lower scores on the Touching A with B subtest and Schadenfreude ratings than 
controls. PD-off patients showed marginally lower performance on the Touching A with B subtest 
and Schadenfreuderatings compared to PD-on patients. No differences were found between PD patients and 
controls, neither PD-on and PD-off patients in the Embedded Sentences subtest, envy or neutral situations ratings. 
While Touching A with B discriminated most reliably between PD patients and controls, Schadenfreuderatings best 
distinguished between PD-on and PD-off patients. The average of both showed the best discriminatory accuracy 
between PD patients and controls, and PD-on and PD-off patients, reaching a sensitivity of 75% and a specificity of 
80.7% at a cut-off of 8.3 points in the former classification, and a sensitivity of 62.5% and a specificity of 66.7% at a 
cut-off of 7.5 points in the latter one. 
Conclusions: This study nurtures a rising trend highlighting the potential benefits of multidimensional cognitive 
assessments for the characterization and identification of early PD patients. 
References: 1. Baez S, Pino M, Berrio M, Santamaria-Garcia H, Sedeno L, Garcia AM, et al. Corticostriatal 
signatures of schadenfreude: evidence from Huntington's disease. J Neurol Neurosurg Psychiatry. 2018;89(1):112-6. 
2. Baez S, Santamaria-Garcia H, Orozco J, Fittipaldi S, Garcia AM, Pino M, et al. Your misery is no longer my 
pleasure: Reduced schadenfreude in Huntington's disease families. Cortex. 2016;83:78-85. 3. Birba A, Garcia-
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Cordero I, Kozono G, Legaz A, Ibanez A, Sedeno L, et al. Losing ground: Frontostriatal atrophy disrupts language 
embodiment in Parkinson's and Huntington's disease. Neuroscience and biobehavioral reviews. 2017;80:673-87. 

1743 
Relationship between eye movements during natural reading and basic oculomotor tasks in PD 
J. Waldthaler, L. Stock, C. Krüger-Zechlin, L. Timmermann (Marburg, Germany) 
Objective: To investigate the relationship of eye movement characteristics during natural, self-paced reading and 
basic visually-guided saccades (VGS) and antisaccades (AS) tasks in PD. 
Background: In PD patients, saccades are hypometric and saccadic latency tends to be prolonged. Furthermore, AS 
performance is related to executive functions in healthy individuals and PD. Compared to basic saccade paradigms 
used in research, reading is a rather sophisticated cognitive task. PD patients may read slower than healthy 
individuals due to longer fixations and increased numbers of regressive saccades.(1) However, it is unclear whether 
alterations of eye movements during reading may be accounted to primary oculomotor deficits or to impaired higher 
cognitive control in PD. 
Methods: Eye movements of 60 PD patients (mean age 63.9, disease duration 8.2, Hoehn&Yahr 2.4, MoCA 24.9) 
were recorded during mute reading of a text as well as while performing horizontal and vertical VGS and horizontal 
AS (10°, gap 200 ms). 
Results: Slower reading speed and higher numbers of progressive and regressive saccades during reading correlated 
with a higher AS error rate. Longer fixation duration during reading was associated with increased latency of 
vertical VGS and AS. The amplitude of saccades during reading tended to correlate with AS gain, but not VGS gain. 
No correlations of reading parameters with horizontal VGS were found. 
Conclusions: The observed correlation of reading speed and reading pattern with AS, but not VGS performance 
further supports the hypothesis that rather higher top-down cognitive control, than primary oculomotor processes, is 
the more powerful driver of eye movements during natural reading. Further research is needed to determine whether 
therapeutic interventions, e.g. medication, DBS or neuropsychological training, may improve the reading experience 
in PD. 
References: Waldthaler J, Tsitsi P, Seimyr GÖ, Benfatto MN, Svenningsson P. Eye movements during reading in 
parkinson’s disease: A pilot study. Mov Disord [Internet]. 2018;50(14):1–2. Available from: 
http://doi.wiley.com/10.1002/mds.105 

1744 
Spontaneous Pisa Syndrome in a Patient with Early-onset Alzheimer's Disease 
K.A. Woo, D. Yoo, J.Y. Lee (Seoul, Republic of Korea) 
Objective: We report a case of early-onset AD where spontaneous Pisa syndrome predominated. 
Background: Pisa syndrome, an involuntary, reversible lateral deviation of the trunk, was first described as an 
adverse effect of neuroleptic treatment. A few cases have been reported in Alzheimer’s disease (AD), mostly 
following antipsychotic and cholinergic treatment. 
Methods: Clinical evaluation, Brain imaging (MRI, FDG PET, Florbetaben PET), Genetic analysis 
Results: A 53-year-old female visited for cognitive impairment and lateral bending of the trunk. She exhibited a 
tonic flexion to the left, aggravated while standing, consistent with findings of Pisa syndrome. The bending had 
developed 2 years prior. Over the next year she became unable to feed or dress herself. A year prior to the visit, she 
was diagnosed as Parkinson’s disease. Levodopa was startedc but the posture continued to worsen. 
Evaluation revealed a profound cognitive impairment, scoring 4 on the MMSE and 5 on the MoCA. Optic ataxia, 
dressing and constructional apraxia’s were remarkable in the absence of visual field defect. Gait examination 
showed extrapyramidal features including generalized bradykinesia and decreased arm swings. 
MRI demonstrated medial temporal atrophy with widespread cortical atrophy. F-18-FDG PET showed posterior-
dominant hypometabolism. Amyloid PET scan was positive showing diffuse cortical F-18-florbetaben binding, 
supporting AD. 
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We screened 31 genes linked with dementia. A variant was found in the exon 6 of APP gene 
(c.694G>A;p.(Glu232Lys), heterozygous). We reduced dosage of levodopa, and started donepezil instead. The 
family reported some improvement in the degree of bending, although never completely resolved. 
Conclusions: There is only one case of spontaneous Pisa syndrome described in AD. In that patient AD was 
diagnosed clinically, while extrapyramidal features provoked suspicion of Parkinson-plus syndrome. Our case is 
remarkable in that a positive amyloid PET scan supported the diagnosis. In both the cases cholinergic medications 
showed effect, while levodopa had no response. This suggests that a more complex physiologic process than 
cholinergic excess contributes to the Pisa syndrome in AD. 
The pathogenic variants of APP gene are known in exons 16 and 17, regions encoding the Aβ peptide. The mutation 
in our patient is in exon 6, thus less likely pathogenic. The significance of the variant remains to be identified. 
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1745 
Prodromal symptoms in clinically diagnosed dementia with Lewy bodies stratified by Lewy body pathology 
on autopsy 
K. Wyman-Chick, D. Weintraub, M. Rosenbloom, L. Erickson, P. Martin, T. Barclay, M. Barrett (Bloomington, MN, 
USA) 
Objective: Compare prodromal neuropsychiatric, sleep, and motor symptoms in patients clinically diagnosed with 
dementia with Lewy bodies (DLB) with and without Lewy body pathology on autopsy. 
Background: Characterization of prodromal symptoms of DLB may inform new clinical guidelines for early 
disease detection and improve diagnostic accuracy. 
Methods: We analyzed postmortem neuropathological data from the National Alzheimer’s Coordinating Center 
(NACC) database for 32 participants who entered the study without dementia and subsequently received a diagnosis 
of DLB. We examined data from the Neuropsychiatric Inventory Questionnaire and a structured clinical interview 
assessing the core features of DLB for visits up to 2 years prior to DLB diagnosis. Parkinsonian symptoms were 
assessed through structured clinical interview and clinical exam. Two-sample t-tests were used to compare age at 
study entry and death. We compared prevalence of symptoms one year prior to DLB between those with and without 
Lewy body pathology using Fisher’s exact tests. 
Results: Demographic information is provided in Table 1 [table 1]. Twenty-five participants (78.1%) with a clinical 
diagnosis of DLB had Lewy body pathology. The pathology of the group without Lewy bodies (n=7) was mixed and 
are characterized in Table 2 [table 2]. There was no significant difference between groups in terms of age at 
enrollment in the study (p=0.10) or age of death (p=0.20). Regarding neuropsychiatric, sleep, and motor symptoms 
in the prodromal phase, a larger proportion of the individuals with pathologically-confirmed DLB had RBD 
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compared to the non-DLB pathology group (50% vs. 0%, respectively; p=0.03; Table 3). One year prior to dementia 
diagnosis, visual hallucinations (36% vs. 14%) and cognitive fluctuations (23% vs. 14%) were greater in the 
pathologically-confirmed group, but the difference was not statistically significant. [table 3]. 
Conclusions: Visual hallucinations, cognitive fluctuations, and RBD in prodromal disease states are found in 
pathologically-confirmed DLB, supporting the most recent diagnostic criteria [1]. The prevalence of other 
neuropsychiatric symptoms appeared similar between groups. Atypical presentations of neurodegenerative disease 
with parkinsonian features may be misdiagnosed as DLB. Future research should examine larger sample sizes to 
confirm these findings. NACC database is funded by NIA/NIH Grant U01 AG016976. 
References: 1. IG McKeith, BF Boeve, DW Dickson, Diagnosis and management of dementia with Lewy bodies: 
Fourth consensus report of the DLB Consortium. Neurol 2017;89:88-100. 
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1746 
Functional connectivity and microstructural alterations in regions of synaptic density loss in DLB and PDD 
T. Yousaf, G. Dervenoulas, G. Pagano, C. Loane, H. Wilson, A. Chandra, O. Cousins, R. Gunn, E. Rabiner, F. 
Niccolini, M. Esposito, L. Ricciardi, D. Aarsland, M. Politis (London, United Kingdom) 
Objective: We aimed to investigate whether functional connectivity and white matter integrity is altered in regions 
exhibiting reduced synaptic density, as measured by [11C]UCB-J-PET,in Dementia with Lewy bodies (DLB) and 
Parkinson’s disease dementia (PDD). 
Background: Synaptic vesicle glycoprotein 2A (SV2A) is a pre-synaptic protein expressed ubiquitously in 
glutamatergic, GABAergic and neuroendocrine neurons. [11C]UCB-J serves as a novel, selective radioligand for 
SV2A, thus enables the quantification of synaptic density in vivo. 
Methods: [11C]UCB-J PET was employed to evaluate synaptic density in 9 PDD and 9 DLB patients compared to 
12 age-matched healthy controls. The regions exhibiting decreased [11C]UCB-J volume of distribution, including 
the precentral gyrus, superior temporal gyrus, supramarginal gyrus, angular gyrus, superior gyrus, striatum, pallidum 
and substantia nigra for PDD and the frontal, temporal, parietal, insula, cingulate and occipital cortex, alongside the 
caudate, thalamus and brainstem for DLB were integrated into the rs-fMRI connectivity and DTI analysis. 
Results: Compared to healthy controls, DLB patients exhibited reduced connectivity amongst the bilateral insula 
cortex, the bilateral temporal lobe, the right parietal lobe, and the right anterior cingulate (FDR-correction, P<0.05). 
PDD exhibited reduced connectivity in the bilateral posterior temporal lobe (FDR-correction,P<0.05). No 
connectivity alternations were identified in subcortical regions in DLB or PDD groups compared to healthy controls. 
DLB patients demonstrated decreased FA in the right superior temporal gyrus middle part (P=0.04) and the right 
insula gyrus (P<0.05). PDD patients did not exhibit FA changes in regions of reduced synaptic density. 
Conclusions: Our findings indicate thatregions with synaptic loss also exhibit reduced functional connectivity and 
microstructural alterations, highlighting that neuronal activity is compromised when synapses are lost. However, a 
loss of synaptic density does not directly correspond to altered connectivity or microstructural alternations, 
highlighting the complex relationship between synaptic loss and neuronal activity. 
 
*This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1747 
Accuracy of the MoCA in Detecting PD-MCI in the Ontario Neurodegenerative Disease Research Initiative 
study 
K.B. Zaidi, C. Marras, A. Troyer, A. Lang, M. Masellis, D. Grimes, D. Kwan, J.B. Orange, A. Roberts, B. Levine, M. 
Jog, T. Steeves, B. Tan, P. McLaughlin (Toronto, ON, Canada) 
Objective: To investigate the ability of the Montreal Cognitive Assessment (MoCA) to detect mild cognitive 
impairment (MCI) in Parkinson’s disease (PD) using variations in cognitive impairment criteria. 
Background: The MoCA is a screening tool reported to have high sensitivity (90%) and specificity (87%) for 
detecting MCI when using a suggested cut-off score of 26 [1]. In relation to PD, the MoCA has shown varying 
success at detecting MCI when using a cut-off score of 26 [2-4], with lower cut-off scores suggested [5]. Variations 
in the definition of cognitive impairment may impact the performance of the MoCA. Although the MDS Task Force 
criteria [6] for PD-MCI are widely used, emerging evidence shows that a more conservative approach to designating 
impairment may optimize predictions of progression to dementia in PD [7]. 
Methods: 140 individuals with idiopathic PD participating in a multi-site longitudinal, observational cohort study 
were classified as being cognitively normal, or having PD-MCI or dementia using a neuropsychological test battery 
and applying 1) MDS Task Force – Level II criteria, and 2) a conservative variation, whereby at least two 
impairments within a single cognitive domain was required. The performance of the MoCA for correctly classifying 
participants with PD-MCI was investigated. 
Results: With the MDS criteria, 48 participants were classified as cognitively normal and 56 met criteria for PD-
MCI, with memory (80%), attention (66%), and executive cognition (61%) being the most commonly impaired 
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domains. The traditional MoCA cut-off score of ≥26 resulted in 59% sensitivity and 83% specificity. The lowest 
cut-off level that provided at least 80% sensitivity was ≥28; with 48% specificity. Using the conservative approach, 
fewer participants were classified as PD-MCI (n=42), with memory (48%) and executive (45%) impairments equally 
represented but at lower rates. The traditional MoCA cut-off score applied here resulted in 64% sensitivity and 78% 
specificity. Again, the lowest cut-off score to provide at least 80% sensitivity was ≥28, resulting in 44% specificity. 
Conclusions: Results are consistent with previous findings that show the MoCA is not ideal for detecting cognitive 
impairment in PD-MCI. Of interest, slight variations in PD-MCI criteria significantly impact prevalence rates and 
cognitive profiles of PD-MCI, but did not improve the utility of the MoCA. 
References: [1] Nasreddine et al. (2005). Journal of the American Geriatrics Society, 53, 695-699. 
doi:10.1111/j.1532-5415.2005.53221.x [2] Dalrymple-Alford et al. (2010). Neurology, 75, 1717-1725. doi: 
10.1212/WNL.0b013e3181fc29c9 [3] Kandiah et al. (2014). Parkinsonism & Related Disorders, 20, 1145-1148. doi: 
10.1016/j.parkreldis.2014.08.002 [4] Marras et al. (2013). Movement Disorders, 28, 626-633. doi: 
10.1002/mds.25426 [5] Lucza et al. (2015). Behavioural Neurology, 2015, 983606. doi: 10.1155/2015/983606 [6] 
Litvan et al. (2012). Movement Disorders, 27, 349-356. doi: 10.1002/mds.24893 [7] Wood et al. (2016). NPJ 
Parkinson's disease, 2, 15027. doi:10.1038/npjparkd.2015.27 

1748 
Visual hallucinations in Lewy Body Disease are characterised by impaired sensory integration 
A. Zarkali, R. Adams, L. Leyland, G. Rees, R. Weil (London, United Kingdom) 
Objective: To test whether increased reliance on prior knowledge is associated with visual hallucinations in Lewy 
Body Disease (LBD: Parkinson’s disease and Dementia with Lewy bodies). 
Background: Visual hallucinations are common and distressing in LBD, occurring in up to 70% of patients (1). 
Currently their mechanisms are unknown. Recent evidence links hallucinations in psychiatric illness with relatively 
increased weight accorded to prior knowledge (2). Similar mechanisms may underlie hallucinations in LBD. We 
used a visual learning paradigm to test sensory integration in LBD-associated hallucinations, specifically use of 
prior knowledge. 
Methods: We explored perception of two-tone images, which are difficult to disambiguate without prior 
information [Fig. 1A] but generate a strong percept once the original colour figure from which they were created is 
seen [Fig. 1B].   Participants were first shown two-tone images (Fig. 1A) and asked whether each image contained a 
person. They were then shown the template images (Fig. 1B) and finally the two-tone images were shown again, 
with the same person-identification task.  We measured accuracy before and after viewing the template images in 
LBD with hallucinations (LBD+VH), LBD without hallucinations and controls. 
Results: 57 individuals took part: 17 LBD+VH, 20 LBD without hallucinations and 20 controls; mean age 68.9 
years (range 50-83). Groups did not differ in age, gender, low-level vision or cognition (p>0.05). Additionally, LBD 
with and without hallucinations did not differ in disease duration, motor examination or levodopa equivalent dose. 
In accordance with our hypothesis, people with LBD-associated hallucinations showed more improvement in 
performance in discrimination sensitivity (d’) after seeing the template images: 38.1% (from d’=1.41 to 1.95, 
SD=0.41), compared to 10.1% improvement (from 1.96 to 2.15, SD=0.46) in LBD without hallucinations and 21% 
in controls (from 1.92 to 2.32, SD=0.37), F= 3.184, p<0.05; posthoc comparison showed significant difference 
between LBD with and without hallucinations (p<0.05). 
Conclusions: People with LBD-associated hallucinations showed greater improvement in performance in a visual 
task after prior information was provided despite identical sensory evidence, implying greater reliance on prior 
knowledge. This sheds light onto processes underlying LBD hallucinations and could provide important insights for 
future therapeutic targets. 
References: 1. Weil RS, Schrag AE, Warren JD, Crutch SJ, Lees AJ, Morris HR. Visual dysfunction in Parkinson’s 
disease. Brain. 2016 Jul 13; 2. Corlett PR, Horga G, Fletcher PC, Alderson-Day B, Schmack K, Powers AR. 
Hallucinations and Strong Priors. Trends Cogn Sci. 2019 Feb;23(2):114–27. 
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1749 
Predicting DRS-2 Total scores from the MoCA 
M. Zorn, K. Duff, J. Rolston, J. Ballard, C. Aquino, P. Moretti (Salt Lake City, UT, USA) 
Objective: Evaluate whether the Montreal Cognitive Assessment (MoCA) score is predictive of Dementia Rating 
Scale - 2 (DRS-2) score in the clinical evaluation of deep brain stimulation (DBS) candidates, in an effort to 
streamline their screening process. 
Background: Cognitive impairment can be one exclusionary criterion for deep brain stimulation surgery, and the 
Total score on the DRS-2 has frequently been used as an indicator of cognitive functioning for these patients12. 
However, the DRS-2 is time-consuming, and it would be helpful to know if scores on briefer cognitive screening 
measures can predict the DRS-2 Total score. 
Methods: In 46 patients being considered for deep brain stimulation surgery (32 with PD, 9 with ET, 3 with 
dystonia, and 2 others), the DRS-2 Total score was predicted by the score on the MoCA, age, education, sex, and 
race via stepwise multiple linear regression. 
Results: In the first step, MoCA scores significantly predicted DRS-2 Total scores (R2 = 0.347, p < 0.001). In the 
second step, education significantly added to the prediction of DRS-2 Total (R2 = 0.41, p < 0.001). None of the 
other variables added to this prediction. In the simplest model, adding 111 (y intercept) to the MoCA yielded a good 
estimate of the DRS-2 Total score. Thus, a MoCA score of 25 would yield a DRS-2 score of 136. 
Conclusions: Such prediction equations can aid clinicians in evaluating patients for deep brain stimulation surgery. 
Although considering the entire clinical presentation remains important, a rapid screening tool may aid in the 
identification of the most likely DBS candidates. 
References: Lang, A. E. and Widner, H. (2002), Deep brain stimulation for Parkinson's disease: Patient selection 
and evaluation. Mov. Disord., 17: S94-S101 Massano J. and Garrett, C. Deep brain stimulation and cognitive decline 
in Parkinson’s disease: a clinical review. Frontiers in Neurology. 2002;3:1–13. 
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1750 
Neuropsychological differences between patients with Parkinson's Disease and Essential Tremor 
M. Zorn, K. Duff, J. Rolston, C. Aquino, J. Ballard, P. Moretti (Salt Lake City, UT, USA) 
Objective: Investigate neuropsychological differences between Parkinson's disease (PD) and essential tremor 
(ET) patients presenting for evaluation for Deep Brain Stimulation (DBS) surgery. 
Background: Although patients with PD and ET have been shown to have a range of cognitive difficulties on 
formal neuropsychological tests, few studies have directly compared these two groups on the same battery of tests. 
Methods: Thirty-eight patients with PD who were considering DBS surgery were compared to 9 patients with ET 
who were also considering this surgery on a standard battery of neuropsychological tests. 
Results: There were no statistical differences between the groups in terms of age, education, sex, and 
race. ET patients performed significantly worse than the PD patients on a global measure of cognition (Dementia 
Rating Scale - 2 Total, p = 0.03). Patients will ET also performed worse than patients with PD on tests of processing 
speed (Trails A, p = 0.02), language (Token Test, p = 0.03), phonemic fluency (COWAT, p = 0.04), verbal 
reasoning (WAIS-IV Similarities, p = 0.01), judgment (NAB Judgment, p < 0.001), and motor functioning (Grooved 
Pegboard and Finger Tapping Test, ps < 0.01). The two groups were not different in depressive symptoms (p = 0.7). 
Conclusions: Despite small sample sizes, the current study points towards the notable cognitive difficulties in 
patients with ET considering deep brain stimulation, which were comparable or worse than patients with 
PD.  Although a neuropsychological evaluation is not generally considered a necessary step in the selection of ET 
DBS candidates, clinically these data suggest that cognitive screening is important in these individuals. Moreover, 
further investigation may be warranted in this patient population, taking into account the differences between ET 
and PD. 

Physiology and Pathophysiology 
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1752 
Functional Capacity in patients with Parkinson’s Disease are related to advanced glycation end-products 
J. Almeida, N. Luna, R. Iborra, A. Alonso, A. -Lima (São Paulo, Brazil) 
Objective: This study aimed to estimate the AGE consumption and formation in individuals with Parkinson's 
disease and to relate them with their functional capacity. 
Background: Glycation can increase the aggregated proteins formation during Parkinson's Disease (PD) 
contributing to the functional decline. 
Methods: A study was carried out with 20 patients with PD and 20 patients without PD to compose the control 
group. For the analysis of AGE formation and consumption, the autofluorescence reader (AGE Reader – UM) was 
used and food recall was applied for three different days, respectively. The Montreal Cognitive Assessment (MoCA) 
was applied for cognitive function analysis, in addition to the Short Physical Performance Battery (SPPB) and hand 
grip for functional capacity assessment. 
Results: No difference in cognitive ability was observed in patients with PD as compared to the control group 
Participants with PD have greater impairments regarding their functional capacity when compared to the control 
group (22,5 ± 4,2), p=0.11. It was observed that the palmar grip strength of the dominant side was lower in 
individuals with PD (18,8 ± 6,9), p=0.02. In addition, we observed slowing of the muscular strength parameter (sit 
and lift) of patients with PD (15,1 ± 3,0), p=0.01, and declining motor performance, which was evaluated by the 
SPPB test in patients with PD (8,5 ± 2,2), p=0.01. Patients with PD had a tendency to consume less amount of AGE 
(18311 ± 6458 kU/d) when compared to the control group (24544 ± 13384 kU/d), p=0.07. Individuals with PD who 
consume more AGE had lower hand grip values (p=0.05, r=-0.26). The AGE consumption correlated negatively 
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with the hand grip strength (Kg/F) in individuals with PD, therefore, the higher the AGE consumption, the lower the 
palmar grip strength (p<0.05, r=-0.51). 
Conclusions: Despite the AGE consumption, individuals with Parkinson's presented lower strength and 
consequently worsened functional capacity, suggesting that the effects of AGEs may be exacerbated in the body 
during the period of a chronic disease, such as Parkinson's. Control subjects were more educated and tended to 
consume more AGE when compared to Parkinson's patients; however, no correlation between AGE and other 
variables was found in the control group. 

1753 
Movement and symptom-modulated local field potentials in globus pallidus internus of Parkinson’s disease 
J. Aman, L. Johnson, D. Sanabria, J. Wang, M. Hill, S. Cooper, L. Schrock, M. Petrucci, G. Molnar, C. MacKinnon, 
R. Patriat, N. Harel, M. Park, J. Vitek (Minneapolis, MN, USA) 
Objective: To examine the relationship between local field potential (LFP) activity recorded from directional deep 
brain stimulation (DBS) leads in the internal segment of the globus pallidus (GPi) to the development of 
parkinsonian motor signs in Parkinson’s disease (PD) patients. 
Background: Beta LFP activity in the subthalamic nucleus (STN) has been hypothesized to underlie the 
development of bradykinesia in patients with PD. There are only a few studies, however, that have examined 
whether such activity is present in GPi in PD, or what the relationship of such LFP activity is to movement or 
severity of PD motor signs. Fewer still have addressed these questions using segmented leads that have greater 
spatial resolution compared to standard non-segmented leads. 
Methods: Pallidal LFPs were recorded from GPi with externalized, segmented DBS leads in three PD patients, in 
the off state, during rest, active and passive movement tasks. Lead location and orientation were determined using 
pre-operative high resolution 7T MR images registered to post-operative CT scans. 
Results: Both high (>20) and low (<20) beta band LFP activity were modulated during an active reach-to-target 
task, but specific to each subject. One subject showed high and low beta bands modulating coherently in-phase, 
while in a second subject the phase between bands varied. A third subject showed only low beta modulation. The 
passive motor task of the upper extremity also showed subject-specific modulation of LFP activity with rigidity and, 
as with the active movement task, the frequency bands were subject specific. 
Conclusions: LFP activity in the 5-35 Hz range is present in the GPi, is modulated with movement, corresponded 
with the severity of motor signs and is remarkably patient-specific. These data would suggest that in order to 
optimize closed-loop DBS algorithms it will be important to account for subject specific differences in symptom 
specific LFP related activity that occurs at rest, to that which occurs during movement. These algorithms will also 
need to be target specific and based on each patient's unique physiological profile. 

1755 
A videographic tool for quantitative assessment of the Glabellar Reflex 
A. Braczynski, J. Schulz, S. Leonhardt, C. Hoog Antink (Aachen, Germany) 
Objective: We developed a videographic tool to quantitatively assess the Glabellar Reflex (GR) in healthy patients 
for further analysis in Parkinson (PD) patients. 
Background: The Glabellar Tap Sign is a clinical sign in Parkinson (PD) patients indicating a disinhibition of the 
pyramidal tracts. While healthy controls blink only once when taped on the forehead (glabellar reflex), PD patients 
do not habituate to this stimulus and blink repeatedly. While this clinical finding is widely accepted by neurologists 
in clinical practice, reliable tools to quantify this sign are not available. 
Methods: We assessed the GR of 12 healthy controls with two different methods. In the first setup, the tap stimulus 
was applied by a vibration device with fixed frequency and intensity. The blinking frequency was extracted by 
processing a recorded video. In the second setup, a hammer connected to the electrodiagnostic system (Natus 
Nicolet EDX) was used for stimulus application. Here, blinking frequency was determined via electromyography 
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derived from small electrodes applied to the skin of the orbital muscle. We recorded the number of blinks and the 
time to habituation. To model pathologic habituation, our subjects blinked continuously. 
Results: With our setup we could analyze the GR in a standardized manner by either a conventional 
electrodiagnostic system or our novel vibration-video-analysis system. Habituation as modeled by forced blinking 
could be detected and analyzed in an automated fashion using image processing. 
Conclusions: We developed a quantitative tool to assess the GR in healthy volunteers. We plan a study in PD 
patients to establish cut-offs of the Glabellar Tap Sign and to evaluate the specificity of this sign in other 
neurodegenerative disorders. 

1756 
The contribution of striatal dopamine to feedforward motor control during gait initiation in Parkinson’s 
disease 
G. Brandt, C. Palmisano, J. Brumberg, N. Pozzi, A. Canessa, G. Pezzoli, I. Isaias, J. Volkmann (Würzburg, 
Germany) 
Objective: To establish the contribution of striatal dopamine to gait initiation in Parkinson’s disease. 
Background: Gait initiation (GI) is characterized by anticipatory postural adjustments (APAs), a feedforward motor 
program centrally activated. Feedforward control does not rely on an external feedback and requires internal models 
(predictive mechanisms) to execute a motor command. 
Methods: We recruited 26 subjects with PD (18M, age: 61±8 yr, disease duration: 11±5 yr, UPDRS-III score: 
29±10 after overnight suspension of all dopaminergic drugs [meds-off] and 10±5 at 60 min after oral intake of 
200/50 mg of levodopa/benserazide [meds-on (n=13)]). We also enrolled 27 age- and gender-matched healthy 
controls (HC, 17M, age: 61±5 yr). APAs were described by kinematic (Smart DX, BTS) and dynamic (Kistler force 
plates) measurements. All patients also performed a single-photon computed tomography (SPECT) with FP-CIT, a 
ligand binding selectively to the dopamine reuptake transporters (DAT). The key features of the Centre of Pressure 
(CoP) pathway and the Centre of Mass during APAs were characterized using ad hoc Matlab algorithms. 
Differences between groups were analyzed with Steel-Dwass all pairs or Wilcoxon matched pairs (a pair being a 
subject in meds-off and -on condition) and a multivariate correlation analysis (Spearman’s ρ). FP-CIT uptake values 
were calculated with the Basal Ganglia Matching Tool. 
Results: The most relevant finding was a significant correlation between the antero-posterior displacement of the 
CoP during the imbalance phase (characterized by initial displacement of the CoP backward and toward the future 
leading foot) and DAT binding values of the contralateral putamen (ρ=0.48, p<0.05). This measurement 
significantly differed between PD and HC (27±16 and 37±15 mm respectively, p<0.05) and improved after levodopa 
intake (35±27% average increase, p<0.01). 
Conclusions: Our results suggest a selective involvement of striatal dopamine in coding the spatial properties of 
APAs during GI. We advance the hypothesis that dopamine modulates the output of the basal ganglia motor control 
system contributing to the change in body spatial coordination properties (from upright posture during stance to 
bipedal locomotion). 

1757 
Dysbiosis of Gut Microbiota in a selected population of Italian Parkinson’s Disease patients 
R. Cerroni, D. Pietrucci, M. Conti, V. Unida, A. Farcomeni, M. Pierantozzi, N.B. Mercuri, S. Biocca, A. Desideri, A. 
Stefani (Rome, Italy) 
Objective: Our main objective was to investigate dysbiosis of gut microbiota in a selected population of Parkinson’s 
disease (PD) patients from center-south of Italy, examining the weight of confounders and predictors, to identify 
potential correlation with clinical phenotypes and therapy. 
Background: In recent years, alterations of gut microbiota in PD has been corroborated with robust evidence. 
However, in PD far from established is a specific microbiota fingerprint, to what extent it correlates with clinical 
features and the role of confounders. 
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Methods: 150 faecal samples were collected from 79 PD patients, enrolled by tight inclusion criteria, and 71 healthy 
controls, represented almost exclusively by cohabitants. 
Microbiota compositions was studied through 16rRNA amplicon sequencing and classified to taxonomic rank 
trough a bioinformatic analysis. For identifying differential abundant species between controls and patients, 
statistical analysis was performed considering the effect of potential confounders. 
Results: The analysis of dietary/life habits allowed to recognize age, loss of weight and sex as confounding factors 
and PD-Status, age, Body Mass Index, “eat cereals”, “eat yoghurt” and “physical activity” as predictors. 
Lactobacillaceae, Enterobacteriaceae, families were significantly higher in feces of PD patients compared to 
controls, while Lachnospiraceae and Erysipelotrichaceaewere significantly reduced. Lachnospiraceae and 
Enterobacteriaceae family also correlate with disease severity (Hoehn & Yahr stage, UPDRS III), with a decreasing 
and an increasing trend, respectively. Predictive metagenomics indicated a significant variation of genes involved in 
metabolism of short chain fatty acids and aminoacids and lipopolysaccharide biosynthesis. 
Conclusions: Our data confirmed a specific microbiota composition in Parkinson patients enrolled from center-
south of Italy. Functional predictions suggest changes in different metabolic pathways favouring a pro-inflammatory 
environment and a reduction in physiological transmitters. 

1758 
Tissue Engineered Nigrostriatal Pathway as an Anatomically-Inspired Test-Bed for Evaluating Axonal 
Pathophysiology 
E. Clark, L. Struzyna, W. Gordian-Velez, I. Chen, J. Duda, D. Cullen (Philadelphia, PA, USA) 
Objective: We previously developed the first micro-tissue engineered nigrostriatal pathway encased in a tubular 
hydrogel with 3D structure, multicellular composition, and architecture of long axonal tracts between distinct 
neuronal populations [1]. In the current study we apply this system as a biofidelic test-bed for modeling Parkinson's 
disease (PD) in vitro and evaluating axonal pathophysiology. 
Background: Selective loss of long-projecting neural circuitry is a common feature of many neurodegenerative 
diseases, such as the vulnerable nigrostriatal pathway in PD. Current in vitro approaches generally do not mimic 
complex anatomical features of the afflicted substrates such as long axonal pathways between stereotypical neural 
populations. Such exquisite features are crucial for neural systems function and may contribute to the preferential 
vulnerability of these structures in neurodegenerative disease. 
Methods: Dopaminergic neurons from the ventral mesencephalon and medium spiny neurons (MSNs) from the 
striatum were separately isolated from rat embryos, seeded and allowed to integrate in hydrogel micro-columns with 
a central extracellular matrix several centimeters in length. Constructs were treated with exogenous recombinant 
human alpha-synuclein active fibrils and immunocytochemistry (ICC) and confocal microscopy were used to assess 
health, cytoarchitecture, synaptic integration, and mitochondrial dynamics and fibril localization. 
Results: TH+ dopaminergic neurons, DARPP-32+ MSNs and extensive axonal-dendritic integration and synapse 
formation were confirmed by ICC. Active alpha-synuclein fibrils demonstrated cytoplasmic staining and changes to 
axon length and density. Additionally, mitochondria structure along axonal tracts was observed using MitoTracker 
staining, revealing dynamic intra-axonal mitochondrial motility in this system. Ongoing studies are evaluating real-
time mitochondrial dynamics and axonal physiology under both baseline conditions as well as following the addition 
of exogenous α-Synuclein fibrils to model synucleinopathy in PD. 
Conclusions: This anatomically-inspired platform has neuronal-axonal architecture that structurally and 
functionally emulates the nigrostriatal pathway in vivo. We are applying this paradigm as a powerful in vitro test-
bed for understanding mitochondrial activity and inter-axonal energetics pathways under homeostatic as well as PD 
pathological conditions. 
References: [1] Struzyna et al., J Tiss Eng Regen Med, 2018. Tissue engineered nigrostriatal pathways for treatment 
of Parkinson’s disease. 
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1759 
High Content Screening of synucleinopathy in primary cortical neurons : dissecting out the interplay between 
the basic synuclein pools 
F. DeGiorgi-Ichas, E. Bezard, F. Ichas (Bordeaux, France) 
Objective: To set up a robust (see ref 1 for definition)  96-well High Content Screening assay of synucleinopathy in 
primary cultures of cortical neurons. 
Background: The initiation and spread of synucleinopathy in primary cultures of cortical neurons can be achieved 
by treating the latter with preformed  fibrillar assemblies of recombinant synuclein (PFFs) and appreciated by 
immunofluorescence (IF)  imaging. However, several  barriers have slowed the adoption of this type of assay for 
screening purposes: (i)  the ease and reliability of the isolation and culture protocols capable to insure long term 
survival (>21 DIV) of primary cortical neurons in a 96 well culture format, (ii) the batch-to-batch variability of 
artificial recombinant PFFs in terms of bioactivity, (iii) the relative lack of characterization of the anti-synuclein 
antibodies for a specific use in non-denaturing conditions such as IF imaging, and (iv) the absence of dedicated 
image analysis routines best serving the characterization of synucleinopathy in 2D neuronal cultures. 
Methods: We worked at raising specifically these 4 barriers by designing novel standard operating procedures and 
came up with a standardized assay system exploiting automation. 
Results: The base High Content Screening assay was developped for WT mouse cortical neurons cultured in 96 well 
plates and challenged with specific human recombinant synuclein PFFs batches. In a first phase, the extent 
of  synucleinopathy was quantified by imaging  phosphorylated synuclein at S129. This assay was characteriez by a 
Z’ factor >0.5, and was thus  succesfully generalized to the other  key basic synuclein pools (unstructured and alpha-
hecial monomeric,  alpha-helical multimeric, and beta-strand oligomeric & fibrillar), as well as the the study of the 
uptake and fate kinetics of the added PFFs. The assay was also successfully transposed to primary cortical cultures 
of transgenic mice and to primary cortical cultures transduced  using AAV infections. 
Conclusions: These different assays can be routinely used to characterize the bioactivity of test-compounds. 
References: 1 A Simple Statistical Parameter for Use in Evaluation and Validation of High Throughput Screening 
Assays (1999) Zhang JH, Chung TD, Oldenburg KR. J Biomol Screen. 4(2):67-73. 

1760 
Parkinsonism alters directed connectivity in the cortico-subthalamo-pallidal circuit 
D. Escobar Sanabria, L. Johnson, Y. Yu, J. Zhang, S. Nebeck, Z. Busby, G. Molnar, J. Vitek (Minneapolis, MN, 
USA) 
Objective: To characterize how parkinsonism alters directed connectivity across the motor cortex (M1), 
subthalamic nucleus (STN), and internal segment of the globus pallidus (GPi). 
Background: Elevated beta-band (13-30 Hz) oscillatory activity within and coherence between nodal points of the 
basal ganglia thalamocortical circuit (BGTC) are hypothesized to contribute to the development of motor signs in 
Parkinson’s disease (PD) [1]. Circuit-level alterations in neural information flow underlying changes in coherence 
and power are, however, not well understood. In this study, we tested the hypothesis that parkinsonism is associated 
with amplification of neural oscillations in the beta-band that occur throughout the cortico-subthalamo-pallidal 
pathway and results in increased coherence and power. 
Methods: Three rhesus macaques were implanted with a deep brain stimulation (DBS) lead in both STN and GPi 
and a Utah array in M1. Local field potentials (LFPs) were recorded before and after the animals were rendered 
parkinsonian by systemic administration of the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Directed 
connectivity was characterized based on LFPs collected in the alert-resting state and using multivariable-
autoregressive models [2]. The degree of amplification in the circuit connections was quantified using frequency 
dependent gains. Analytic solutions of coherence and power were computed based on the circuit models and 
compared to measurements from the LFP data. 
Results: In all of the animals, the connectivity gains from M1 to GPi, STN to GPi, and GPi to STN were increased 
in the parkinsonian condition, specifically in the beta-band. In two animals, the gain from M1 to STN in the beta-

This article is protected by copyright. All rights reserved.



band was also increased in the parkinsonian condition. Elevated measurements of coherence between and power 
within the M1, STN, and GPi were observed and predicted by analytical solutions derived from the circuit models. 
Conclusions: The results support the hypothesis that alterations in directed circuit connectivity are a signature of 
parkinsonism and contribute to the development of elevated beta-band coherence and power across nodes in the 
BGTC “motor” circuit. These results could also inform the development of DBS approaches directed at restoring 
motor function by reshaping connectivity gains in the BGTC circuit. 
References: [1] Brown, P. (2003). Oscillatory nature of human basal ganglia activity: relationship to the 
pathophysiology of Parkinson’s disease. Mov. Disord. Off. J. Mov. Disord. Soc. 18, 357–363. [2] Ljung, L. (1999). 
System Identification: Theory for the User (Upper Saddle River, NJ: Prentice Hall). 

1761 
DNAJC13 in Parkinson’s disease; characterization of the p.N855S knock-in mouse model 
J. Follett, J. Fox, E. Gustavsson, M. Farrrer (Vancouver, BC, Canada) 
Objective: To study the effects of DNAJC13 p.Asn855Ser mutant gene dysfunction in a physiological context, and 
to help define molecular mechanisms for disease, using a novel DNAJC13 p.Asn855Ser knock-in (DKI) mouse 
model. 
Background: Parkinson’s disease (PD) is a common neurodegenerative disorder for which genetic studies have 
discovered multiple causative genetic mutations to highlight convergent cellular pathways. In 2014 DNAJC13 
(coding receptor-mediated endocytosis-8 (RME-8)) was linked to late-onset autosomal dominant late-onset 
parkinsonism in a Mennonite multi-incident kindred with post-mortem SNpc neuronal loss and Lewy body (LB) 
pathology, and in five additional patients, three of which have a family history of disease (1,2).  Although the 
underlying mechanism for disease is unknown, prior studies on DNAJC13 p.Asn855Ser describe impaired recycling 
of membrane-associated receptors and α-synuclein accumulation [3,4]. To study the effects of DNAJC13 
p.Asn855Ser mutant gene dysfunction in a physiological context, we have established a DNAJC13 p.Asn855Ser 
knock-in (DKI) mouse model. 
Methods: Generation of the DNAJC13 p.N855S substitution in a knock-in (KI) mouse using Cre-loxP 
recombination. Biochemical, physiological and behavioral differences were examined in KI vs wild-type (WT) 
mice, with emphasis on synaptic vesicular trafficking, and transporter activity in the striatum. 
Results: Heterozygous DNAJC13 p.N855S KI mice have significant behavioral phenotypes (including open field 
locomotion, grip strength and balance/coordination) at different ages compared to WT littermates. We observed 
differences in expression of synaptic vesicular proteins and membrane transporters (α-synuclein, VAMP2, VGluT1 
and DAT) by immunofluorescence confocal imaging and/or protein biochemistry analysis. Levels of 
neurotransmitters and markers of pathology including ((p-)α-synuclein, (p-)Tau, P62, Iba-1, APP, GFAP.) were 
analyzed by HPLC and immunolabeling, respectively. 
Conclusions: Overall, the genetic and functional evidence for the pathogenicity of DNAJC13 p.N855S in PD is 
compelling. DNAJC13 p.N855S KI mice have significant behavioral phenotypes (including open field locomotion, 
grip strength and balance/coordination), loss of synaptic machinery and accumulation of alpha-synuclein.DNAJC13 
is one of five DNAJC co-chaperones implicated in Parkinsonism. Further study of DNAJC13 is needed and appears 
central to the molecular pathogenesis of PD. 
References: 1. Vilarino-Guell, C., et al., DNAJC13 mutations in Parkinson disease. Hum Mol Genet, 2014. 23(7): 
p. 1794-801. 2. Gustavsson, E.K., et al., DNAJC13 Genetic Variants in Parkinsonism. Movement Disorders, 2015. 
30(2): p. 273-278. 3. Yoshida, S., et al., Parkinson's disease-linked DNAJC13 mutation aggravates alpha-synuclein-
induced neurotoxicity through perturbation of endosomal trafficking. Hum Mol Genet, 2018. 27(5): p. 823-836. 4. 
Xhabija, B. and P.O. Vacratsis, Receptor-mediated Endocytosis 8 Utilizes an N-terminal Phosphoinositide-binding 
Motif to Regulate Endosomal Clathrin Dynamics. J Biol Chem, 2015. 290(35): p. 21676-89. 
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1762 
Therapeutic intervention of LRRK2 kinase inhibitors in Vps35 p.D620N Parkinsonism 
J. Follett, I. tatarnikov, j. Fox, M. Farrer (Vancouver, BC, Canada) 
Objective: To explore the therapeutic potential of LRRK2 kinase inhibitors in a Vps35 p.D620N mouse model of 
Parkinsonsim. 
Background: The discovery of a missense mutation, Vps35 p.D620N implicates retromer, an endosomal 
membrane-associated protein trafficking complex, in the pathogenesis of Parkinson’s disease (PD). Our previous 
work characterizing a novel Vps35 p.D620N knock-in (VKI) mouse revealed increased dopamine release in VKI 
striatal slices and increased dopamine turnover in VKI homozygous mice. Biochemical and imaging analysis 
revealed a genotype-dependent decreases in dopamine transporter (DAT) along with an increase in vesicular 
monoamine transporter 2 (VMAT2), suggestive of profound alterations to dopaminergic pre-synaptic terminals in 
VKI mice. Most recently, biochemical evidence suggests a membrane bound macromolecular complex comprised of 
LRRK2 and retromer and increased LRRK2 kinase activity in Vps35 p.D620N mice. 
Methods: WT and heterozygous VKI mice are injected once daily for a total of 7 days with 10mg/kg of the 
commercially available LRRK2 kinase inhibitor, MLi-2, or vehicle control. One hour after the final injection, mice 
are sacrificed and processed for fast scan cyclic voltammetry, biochemical or immunhistochemical analysis. 
Results: Heterozygous VKI mice that receive the LRRK2 kinase inhibitor MLi-2 show a rescue of increased 
dopamine release when compared to genotype and age-matched littermates that were given vehicle control. No 
difference in the levels of evoked dopamine release is observed in WT mice following MLi-2 administration. In 
addition, the previously reported impairment in dopamine re-uptake observed in VKI mice is corrected following 
MLi-2 treatment, suggesting a re-population of synaptic machinery needed for dopamine clearance. Western blot 
analysis of striatal tissue subjected to sucrose-based fractionation are being explored to investigate  the total level 
along with the synaptic enriched population of dopamine transporter (DAT), vesicular monoamine transporter 2 
(VMAT2), Tyrosine hydroxylase (TH), alpha-synuclien and retromer subunits in WT and VKI following drug MLi-
2 or vehicle control are ongoing. 
Conclusions: LRRK2 kinase inhibitors correct synaptic phenotypes induced by Vps35 p.D620N expression and 
may provide the first therapeutic intervention for intervention in genetically confirmed (D620N) Parkinsonism in 
man. 

1763 
Evaluation of nigral neuronal apoptosis during postnatal development and adulthood of mice strains with 
differential sensitivity to MPTP 
Y. H, V. DJ, C. Sagar, R. TR, P. Alladi (Bangalore, India) 
Objective: Compare nigral neurons in C57BL/6J, CD-1 and their F1 crossbreds with respect to developmental 
apoptosis in the nigra during postnatal and to assess MPTP-induced degeneration at adulthood. 
Background: Parkinson’s disease has differential prevalence among ethnic groups. Caucasians are more 
susceptible, Non-whites are less and Admixed populations are better protected. Molecular mechanisms of 
susceptibility is unknown. Similarly, different mice strains have varying susceptibility to neurotoxin MPTP. Strains 
with lesser DAergic neurons are more susceptible than those with higher neuron numbers. The differences in the 
basal nigral neuronal numbers in the adult may be a consequence of differential developmental apoptosis in these 
mice strains. 
Methods: Immuno-labelling for pro-, anti-apoptotic proteins, GDNF and terminal deoxynucleotidyl transferase 
(TdT)-mediated dUTP nick end labeling (TUNEL) for apoptotic cells during postnatal development were performed 
in the susceptible C57BL/6, resistant CD1 and the F1 crossbreds. Electron microscopy, mitochondrial assay, 
immunolabeling and TUNEL assay were performed in all the adult study groups before and after MPTP 
administration. Statistical analysis was done by one-way ANOVA and Tukey’s post hoc test. 
Results: C57BL/6J is most susceptible and crossbreds least susceptible to MPTP. Large-scale neuronal loss 
occurred was corroborated by increased apoptosis, pro-apoptotic proteins and a profound ultrastructural damage. 
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The resistant CD1 and crossbreds showed decreased caspase-3, lower Bax:Bcl-2 ratio and enhanced GDNF 
expression in response to MPTP. Developmental studies observed two peak apoptotic periods (P2 andP14). In the 
crossbreds, the P14 peak was almost non-existent, C57BL/6J underwent higher magnitude of apoptosis as compared 
to others. Further, an interesting findings on gut microbiome was the identical composition of Prevotella family in 
the resistant CD-1 and crossbreds. The microbes of this genus are known to be reduced in human PD patients. 
Conclusions: We evaluated mechanisms pertaining to factors associated with the differential susceptibility of 
C57BL/6J, CD-1 and their crossbreds to MPTP. Evaluation of the postnatal development apoptosis highlighted that 
the neuronal population size is actually determined during development. The vulnerability to a neurodegenerative 
disease may arise early during development. 
References: 1. Muthane et al., (1994) Experimental Neurology, 126(2), 195–204. 2. Vila, M et al., (2001) 
Proceedings of the National Academy of Sciences of the United States of America, 98(5), 2837–2842 3. Vidyadhara 
et al., (2017) Molecular Neurobiology, 54(8), 6148–6162 

1764 
Extracellular α-synuclein enters dopaminergic neurons by modulating flotillin-1-assisted DAT endocytosis 
T. Hasegawa, J. Kobayashi, N. Sugeno, S. Yoshida, T. Akiyama, Y. Miki, M. Fukuda, M. Ezura, A. Kikuchi, T. Baba, 
A. Takeda, K. Wakabayashi, H. Okano, M. Aoki (Sendai, Japan) 
Objective: In this study, we examine the regulatory role of flotillin-1 in dopamine transporter (DAT) trafficking and 
the impact of extracellular α-synuclein (αS) on this process. 
Background: Flotillin-1, a lipid raft-associated scaffolding protein, provides endocytic platform that is involved in 
the uptake of DAT. Interestingly, flotillin-1 is predominantly expressed in brainstem catecholamine neurons that are 
preferentially affected in Parkinson’s disease (PD). 
Methods: HEK 293 cells stably expressing GFP-DAT and iPS cells-derived dopaminergic neuron were incubated 
with conditioned medium containing human αS monomer or pre-formed fibril. Distinct endosomal structures 
including EEA1, Rab7A, and Rab11A were investigated by immunohistochemistry. Time-lapse imaging was 
performed to explore the spatiotemporal distribution of αS and DAT. Co-immunoprecipitation and TIRF microscopy 
were used to demonstrate the molecular interaction between αS, flotillin-1 and DAT. 
Results: We found that extracellularly added monomeric and fibrillar αS markedly potentiates flotillin1-DAT 
interaction and pre-endocytic clustering of DAT on the cell surface, thereby facilitating DAT endocytosis and 
downregulating its transporter activity (Fig. A). Moreover, we demonstrated that αS itself exploited DAT endocytic 
process to enter dopaminergic neurons and both flotillin-1 and DAT were found to be the components of Lewy body 
(Fig. B). 
Conclusions: These findings unveil a novel role of extracellular αS on cellular trafficking of DAT and may provide 
a rationale for the cell-type specific, functional and pathological alterations in PD. 
References: Kobayashi J., Hasegawa T.*, et al., FASEB J, in press. (*corresponding author) 
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1765 
RNA binding protein mediated regulation of striatal transcriptome in Parkinson’s disease. 
K. Irmady, C. Hale, C. Scheckel, J. Fak, R. Darnell (New York, NY, USA) 
Objective: To investigate the role of RNA binding protein Elavl in Parkinson’s disease related adaptive changes in 
the striatal transcriptome. 
Background: Elav-like (Elavl or Hu) proteins are RNA binding proteins first described as immune targets 
in  paraneoplastic neurologic syndromes(1). Elavl proteins bind to U-rich regions of their RNA targets to affect 
mRNA stability and alternative splicing (2). Three of the four Elavl paralogs (Elavl2, Elavl3 and Elavl4) are 
expressed exclusively in neurons. Multiple GWAS studies have linked Elavl to Parkinson’s disease (3-5). Elavl3 
knockout mice exhibit tremor, ataxia  and abnormal postural reflexes (6). Here, by combining studies in transgenic 
mice that allow us to identify cell-type specific regulation of gene expression, and post-mortem human striatal 
tissue, we investigate the role of Elavl in Parkinson’s disease. 
Methods: We have generated a knock-in mice targeting the endogenous Elavl3 locus to  conditionally express 
AcGFP-tagged Elavl3 in a cre-dependent manner. HITS-CLIP was performed as previously described in mice and 
human brain samples(7). 
Results: Immunofluorescence studies in mouse brains which conditionally express AcGFP-tagged Elavl3 show that 
relative to other brain areas, Elavl3 is highly expressed in the striatum, in both Drd1 and Drd2 medium spiny 
neurons. To identify the RNA targets of Elavl3, we performed Elavl3-AcGFP high-throughput crosslinking and 
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immunoprecipitation (HITS-CLIP) in mice conditionally expressing Elavl3 in Drd1 or Drd2 neurons. HITS-CLIP 
followed by Gene Ontology analysis showed that Elavl3 targets gene transcripts important for synaptic plasticity. 
Transcriptome analyses of Elavl3 knockout striatum show that levels of Elavl3 bound RNA’s are indeed altered, 
thus confirming that these are functional targets. Using published datasets of transcriptome changes in Drd1 and 
Drd2 neurons in Parkinson’s disease and levodopa induced dyskinesia animal models, we demonstrate that Elavl3 
targets are enriched in the downregulated striatal transcriptome (8). We further identify Elavl targets in human brain 
and compare target transcriptomes in control and Parkinson’s disease striatum. 
Conclusions: We show that in striatal medium spiny neurons, Elavl3, an RNA binding protein, regulates synaptic 
plasticity related gene transcripts, and could play an important role in Parkinson’s disease, in which striatal synaptic 
plasticity is known to be altered. 
References: 1. Szabo A, et al. (1991) HuD, a paraneoplastic encephalomyelitis antigen, contains RNA-binding 
domains and is homologous to Elav and Sex-lethal. Cell 67(2):325-333. 2. Ince-Dunn G, et al. (2012) Neuronal 
Elav-like (Hu) proteins regulate RNA splicing and abundance to control glutamate levels and neuronal excitability. 
Neuron 75(6):1067-1080. 3. Noureddine MA, et al. (2005) Association between the neuron-specific RNA-binding 
protein ELAVL4 and Parkinson disease. Hum Genet 117(1):27-33. 4. DeStefano AL, et al. (2008) Replication of 
association between ELAVL4 and Parkinson disease: the GenePD study. Hum Genet 124(1):95-99. 5. Haugarvoll 
K, et al. (2007) ELAVL4, PARK10, and the Celts. Mov Disord 22(4):585-587. 6. Ogawa Y, et al. (2018) Elavl3 is 
essential for the maintenance of Purkinje neuron axons. Sci Rep 8(1):2722. 7. Licatalosi DD, et al. (2008) HITS-
CLIP yields genome-wide insights into brain alternative RNA processing. Nature 456(7221):464-469. 8. Heiman M, 
et al. (2014) Molecular adaptations of striatal spiny projection neurons during levodopa-induced dyskinesia. Proc 
Natl Acad Sci U S A 111(12):4578-4583. 
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1767 
Dorsolateral striatal neuronal activity in a rat model of Parkinson`s disease with levodopa-induced 
dyskinesias 
X. Jin, D. Milakara, K. Schwabe, J. Krauss, M. Alam (Nanjing, China) 
Objective: This study aimed to investigate the firing properties of fast spiking interneurons (FSIs) and medium 
spiny neurons (MSNs) of the dorsomedial striatum (DLStr) and motor cortical burst activity in a rat model of PD 
and with levodopa induced dyskinesias (LID). 
Background: Striatal inhibitory interneurons are important modulatory components for the direct and indirect 
pathways of basal ganglia (BG). However, their role in PD and with LID remains unclear. 
Methods: Single neuron activity and local field potentials (LFPs) were recorded from the DLStr together with 
electrocorticogram (ECoG) from the motor cortex (MCtx) area in 6-hydroxydopamine lesioned hemiparkinsonian 
(HP) and levodopa-primed dyskinetic (HP-LID) rats as compared to controls. Putative GABAergic interneurons 
(fast-spiking interneurons, FSIs) and medium spiny neurons (MSNs) were identified based on peak to trough 
analyses of the signals. For the calculation of beta (13-30Hz) and gamma (30-100Hz) bursts the signals were filtered 
using Blackman bandpass filter and further down sampled to 100 Hz. Hilbert transformation was used to get the 
envelope, and the threshold value for burst was set at the 75th percentile of signal amplitude. 
Results: The firing rate of MSNs was increased in HP and HP-LID rats, while the firing rate of FSIs wase only 
enhanced in HP-LID rats which was associated with reduced burst activity. The coefficient of variation (measure of 
firing irregularity) was higher in HP rats in both MSNs and FSIs, with no difference in HP-LID rats. In HP-LID 
MSNs spike-triggered averaging of LFP were phase locked to beta (12-30 Hz) and gamma (30-100 Hz). Further, 
ECoG oscillatory activity in the beta and gamma burst count was increased in both HP and HP-LID rats, however, 
theta burst was higher only in HP-LID rats. 
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Conclusions: Our study suggests that there may be distinct MSNs and FSNs firing patterns and irregular MCtx 
burst activity in a rat model of PD with LID, which may depend on the functional state after dopamine depletion and 
treatment indicating maladaptive neuroplasticity. 

1768 
Local field potential recordings in the human pallidum using externalized directional DBS leads 
L. Johnson, J. Aman, D. Escobar Sanabria, J. Wang, R. Patriat, M. Petrucci, M. Hill, G. Molnar, S. Cooper, L. 
Schrock, C. MacKinnon, N. Harel, M. Park, J. Vitek (Minneapolis, MN, USA) 
Objective: To characterize the spatial distribution and spectral profile of local field potential (LFP) activity in the 
internal segment of the globus pallidus (GPi) in patients with Parkinson’s disease (PD) using directional deep brain 
stimulation (DBS) leads. 
Background: Recordings from directional DBS leads may provide a greater understanding of the role of LFP 
activity in the pathophysiology of PD and in the selection of contact(s) that optimize clinical benefit. This 
understanding can inform the development of new stimulation approaches and development of programming 
algorithms that will further improve clinical outcomes for PD patients undergoing pallidal DBS. 
Methods: Pallidal LFPs were recorded from externalized leads of 3 patients. Pre-operative high resolution 7-T MR 
images were registered to post-operative CT scans to determine lead location and electrode segment orientation in 
the GPi. The spatial distribution of oscillatory activity across lead segments was examined in the context of lead 
locations and clinical DBS settings. 
Results: The spatial topography and spectral profile of oscillatory activity in the 5-35Hz range was highly subject-
specific. Consistent across patients, however, was the finding that lead segments facing the posterior-lateral 
“sensorimotor” regions of GPi had the highest oscillatory power, whereas medial (internal capsule) facing segments 
had the weakest oscillatory power. Similar to what has been observed in recent studies using directional leads in the 
STN, DBS lead contacts chosen for optimizing clinical benefit, which were blinded to LFP analyses, incorporated 
lead segments with the strongest LFP activity in the 5-35Hz frequency range. 
Conclusions: These findings are supportive of the hypothesis that LFP activity in the 5-35Hz range is greatest in the 
sensorimotor territory of the GPi and appeared to correlate with the site of stimulation that gave the greatest clinical 
benefit. These results support further exploration of the relationships between the spatial distribution of LFP activity, 
patient phenotype, and therapeutic contact selection, and highlight the need for DBS approaches based on subject-
specific LFP biomarkers. 

1769 
The Level of Neuroendocrine Hormones in Parkinson´s Disease and their Potential Role as Biomarkers : A 
Pilot Study 
J. Kauffmann, M. Unger, G. Giebel, D. Grün, K. Faßbender, M. Fousse (Homburg, Germany) 
Objective: To elucidate the role of neuroendocrine hormones in Parkinson’s disease (PD) and evaluate their 
potential utilization as biomarkers. 
Background: A growing body of evidence, links the gastrointestinal tract (GIT) and PD. In this context, 
neuroendocrine hormones which regulate GIT processes by modulation of the central or local nervous system, are 
hypothesized to be involved in the pathogenesis of PD. As no satisfying PD-biomarkers currently exist, this group of 
molecules could serve as such. The limited data available on this topic, however, prompted us to look more closely 
into this matter. 
Methods: From 2013-2015, the concentration of insulin, ghrelin, glucose dependent insulinotropic peptide (GIP), 
glucagon-like-peptide-1 (GLP-1), leptin, pancreatic polypeptide (PP) and peptide YY (PYY) was measured in 
plasma and freeze-dried cerebrospinal fluid (CSF) samples of 15 PD-patients and 10 control participants, utilizing a 
bead-based multiplex immunoassay. Standard demographical data were collected. Symptoms of depression and the 
cognitive status of participants were assessed with the Beck depression inventory and the mini-mental status test. As 
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the production of some neuroendocrine peptides depends on the amount of adipose tissue, body-mass-index (BMI) 
was documented, too. 
Results: There was no significant difference in the demographical variables, BMI, symptoms of depression, and 
cognitive status of PD-patients and controls. No significant difference existed for the different hormone levels, 
although the CSF concentration of ghrelin, GLP-1 and PYY was too low to be detected. For those neuropeptides that 
were measured, however, PD-patients tended to show lower CSF concentrations. In addition, a weak correlation 
between the age of PD-patients and the plasma level of ghrelin, leptin und insulin, as well CSF concentration of 
GIP, PP and leptin was demonstrated. Eventually, it should be noted that a high inter-individual variability in the 
CSF and plasma protein levels was observed for both groups. 
Conclusions: The presence of different levels of neuroendocrine hormones in PD-patients and controls backs up our 
hypothesis and hints at their involvement in the pathophysiology of PD. However, the large variability in the protein 
concentrations and the limited dataset do not yet permit to draw conclusions about their future application as 
biomarkers. 
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1771 
The Circulatory Levels of Serotonin, Beta endorphin and Dopamine and their relations to Pain Perception in 
People with Parkinson’s Disease 
H. Khalil, N. Al-Yahya, A. Al-Sharman, M. Alqudah, K. El-Salem (Irbid, Jordan) 
Objective: 1) to examine circulatory serotonin, beta-endorphin and the dopamine metabolite homovanillic acid 
(HVA) in people with PD, 2) to explore the relationship of the circulatory levels of these biomarkers with the 
perceived pain sensation in people with PD. 
Background: Serotonin, beta endorphin and dopamine are all important neurotransmitters for pain modulations, 
which all are diminished in people with Parkinson's disease (PD). However, little is known about the circulatory 
levels of these biomarkers as well as the relationship of these pain-related biomarkers with perceived pain sensation 
in people with PD. 
Methods: Plasma levels of serotonin, beta endorphin and homovanillic acid (HVA) (a metabolite of dopamine) 
were measured in 24 idiopathic PD subjects and 23 age- matched healthy controls using ELISA technique. Pain was 
assessed using the Brief Pain Inventory (BPI) short form and King's PD Pain Scale (KPPS). 
Results: There were significant differences in plasma biomarker levels between the PD and control groups, as well 
as a significant increase in each of the plasma biomarker levels from OFF to ON conditions (P<0.05). In addition, 
fluctuation-related pain in the KPPS and plasma HVA levels in the “ON” condition (rho = -0.589, p = 0.002). In 
addition, there was significant correlations between fluctuation-related pain in the KPPS and plasma beta-endorphin 
levels in the “OFF” condition (rho = 0.437, p = 0.033) as well as between fluctuation-related pain in the KPPS and 
plasma HVA levels in the “ON” condition (rho = -0.589, p = 0.002). 
Conclusions: PD pathology affects each biomarker which may be the cause of increased pain sensation in this 
population. There was an important interaction between plasma levels of HVA and beta-endorphin and pain in the 
PD group, suggesting that these are potential biomarkers for pain in PD. Consequently, increasing the plasma levels 
of these biomarkers could decrease pain sensation in people with PD. 

1772 
Neural plasticity based on the change of the glutamate receptors: Repetition of electrical stimulation for the 
reduction of Parkinsonian symptoms 
G.T. Kim, N. Nguyen, K.S. Kim (InCheon, Republic of Korea) 
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Objective: This study investigated the fundamental mechanism how the repeated electrical stimulation (ES) affects 
the reduction of parkinsonian symptoms. 
Background: The reduced parkinsonian symptoms by the repeated ES has been studied for clinical purposes, and its 
principal mechanism is believed to be the neural plasticity. However, it is elusive the physiological link from ES and 
the plasticity. Here, we examined the changes in the number of the glutamate receptors, which are closely related 
with the most dominant neurotransmitter in the brain. 
Methods: The animal model of Parkinson’s disease was developed by the injection of 6-OHDA in the medial 
forebrain bundle (mfb), and the models were evaluated by behavior tests. After confirming the models, ES was 
applied to the models as a bipolar and bilateral configuration, attaching the stimulating electrodes behind two ears. 
ES was designed as a series of multiple stimuli (up to 20 times), which had a 3-second duration, 100μA strength, 
and 60-second interval. After stimulated, the animal’s brain was removed for the immunochemistry in the vestibular 
nucleus (VN) and the thalamus to detect the glutamate receptors; AMPA and NMDA. The number of receptors were 
counted and compared with that from the normal animals. 
Results: The numbers of AMPA decreased in both areas, 48.45% (from 741 to 382) and 15.27% (from 550 to 466) 
in the thalamus and the VN, respectively. On the other hand, those of NMDA increased by 5.32% (from 602 to 634) 
and 2.41% (from 497 to 509) in the thalamus and the VN, respectively. 
Conclusions: Our results indicated the repeated ES changed the number of glutamate receptors. The alteration in the 
number of AMPA receptors was more apparent, and that was bigger in the thalamus than VN. Therefore, the 
plasticity by the repeated ES was initiated in the VN, and it expanded in the thalamus. 
 
[This research was supported by Basic Science Research Program through the National Research Foundation of 
Korea funded by the Ministry of Education (NRF-2016R1D1A1B03930657 & 2018R1A6A1A03025523).] 

1773 
Skin could be the new peripheral tissue of interest in Parkinson's disease transcriptomics 
L. Kurvits, A. Planken, P. Taba, S. Kõks, K.M. Kasterpalu, L. Kadastik-Eerme, F. Lättekivi, E. Reimann (Tartu, 
Estonia) 
Objective: Profiling gene expression changes in peripheral tissues in PD. 
Background: Obtaining tissue for gene expression analysis in PD from CNS is done post mortem. While easily 
accessible in vivo blood has become popular, it does not seem to yield reproducible changes, therefore, other tissues 
must be considered. For example the skin, which in PD patients shows symptoms of cutaneous neuropathy, presence 
of α-synuclein deposits in skin nerve endings and up to fourfold increased risk for melanoma(1-3). 
Methods: We enrolled 12 + 12 idiopathic PD patients, diagnosed according to the UKPDSBB criteria and on 
standard antiparkinsonian treatment and 12+12 control subjects for RNA-Seq from skin and blood (results were 
considered significant at FDR≤0.05). Functional pathway analysis was done using KEGG pathway analysis in R 
(results were considered significant at FDR≤0,1). Previous work on PD blood with openly accessible changed gene 
expression lists(4-8) were aggregated using the robust rank method(9) to find most significant changes in single 
changed gene expression and pathway level. 
Results: Skin RNA-Seq yielded 1068 differentially expressed genes. A clear pattern of global downregulation 
appears (874 gene expressions). Top downregulated gene in PD skin is SAA1. Further analysis shows 287 affected 
pathways in Table 1. [table1] Whole blood RNA-Seq resulted in 26 differentially expressed genes. Most are 
upregulated but UBE2J1 is downregulated. The 31 affected pathways are listed in Table 2. [table2] Comparing our 
results from PD blood and 5 other papers, the list of overall highest ranked changed genes is seen in Table 3. 
[table3] Highest ranked changed pathways in PD blood are seen in Table 4. [table4] Comparison between blood and 
skin pathways showed an overlap of 100% [figure1] but skin had 256 additional changed pathways related to PD 
pathology. 
Conclusions: Blood and skin yielded different RNA-Seq results with blood being more heterogeneous. Pathway 
analyses, especially from skin, show concordance with PD pathology in the brain showing that peripheral tissues can 
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be used in PD. Skin has more differentially expressed genes compared to whole blood. The results from blood 
analyses vary which could be due to the fact that general metabolic and iatrogenic changes affect this tissue more 
than skin. More studies from PD skin are necessary to assess the reproducibility of the findings and the suitability of 
skin as a model for PD. 
References: 1. Doppler K, Ebert S, Uçeyler N, Trenkwalder C, Ebentheuer J, Volkmann J, et al. Cutaneous 
neuropathy in Parkinson?s disease: a window into brain pathology. Acta Neuropathol (Berl). 2014 Jul;128(1):99–
109. 2. Wang N, Gibbons CH, Lafo J, Freeman R. α-Synuclein in cutaneous autonomic nerves. Neurology. 2013 Oct 
29;81(18):1604–10. 3. Liu R, Gao X, Lu Y, Chen H. Meta-analysis of the relationship between Parkinson disease 
and melanoma. Neurology. 2011 Jun 7;76(23):2002–9. 4. Soreq L, Israel Z, Bergman H, Soreq H. Advanced 
microarray analysis highlights modified neuro-immune signaling in nucleated blood cells from Parkinson’s disease 
patients. J Neuroimmunol. 2008 Sep;201–202:227–36. 5. Santiago JA, Potashkin JA. Network-based metaanalysis 
identifies HNF4A and PTBP1 as longitudinally dynamic biomarkers for Parkinson’s disease. Proc Natl Acad Sci. 
2015 Feb 17;112(7):2257–62. 6. Infante J, Prieto C, Sierra M, Sánchez-Juan P, González-Aramburu I, Sánchez-
Quintana C, et al. Identification of candidate genes for Parkinson’s disease through blood transcriptome analysis in 
LRRK2-G2019S carriers, idiopathic cases, and controls. Neurobiol Aging. 2015 Feb;36(2):1105–9. 7. Kedmi M, 
Bar-Shira A, Gurevich T, Giladi N, Orr-Urtreger A. Decreased expression of B cell related genes in leukocytes of 
women with Parkinson’s disease. Mol Neurodegener. 2011;6(1):66. 8. Calligaris R, Banica M, Roncaglia P, Robotti 
E, Finaurini S, Vlachouli C, et al. Blood transcriptomics of drug-naïve sporadic Parkinson’s disease patients. BMC 
Genomics. 2015 Oct 28;16:876. 9. Kolde R, Laur S, Adler P, Vilo J. Robust rank aggregation for gene list 
integration and meta-analysis. Bioinformatics. 2012 Feb 15;28(4):573–80. 
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1774 
Synchronization Study of Regional Local Field Potential in Rat with Dopamine Receptor Stimulation 
S.H. Lin, S.Y. Chen, Y.Y. Chen (Hualien, Taiwan) 
Objective: The aim of this study attempts to explore the non-linear interaction with cross-frequency coupling in rats 
during the stimulation of dopamine receptors. 
Background: Investigating the dynamic relationship of neural oscillation between relative brain areas has been an 
important approach to understand the neural network. 
Methods: Ten male Wistar rats with implanted a pair of 8-channel micro-wire electrode arrays in left striatum and 
motor cortex. We divided the rats as dopamine agonist group (n=5) and dopamine antagonist group (n=5) with 
different pharmacological treatment. Local field potential was acquired in pre-drug state, post-drug state (5, 30, 60, 
90, 120 min.) with 5 minutes recording. Each rat underwent 3-6 times injections with interval of 2 days rest. Spectral 
analysis with coherence and bi-phase locking variation were performed. 
Results: 1) in coherence study, increased coherence was observed in agonist group on delta (post-drug 60, 90 min), 
theta (post-drug 30, 60 min), and alpha (post drug 90 min). Conversely, decreased coherence was found in 
antagonist group on delta (post-drug 60, 90 min), theta (post-drug 60,90 min), and beta (post-drug 60, 90 min). 
However increased coherence in alpha (post-drug 90 min) had been observed agonist group. 2) in bi-phase locking 
study, agonist-induced phase locking from motor cortex to striatum was found 60-120 min post drug (delta to alpha). 
From striatum to motor cortex, phase locking was observed in 30-60 min post-drug (alpha, theta, delta to beta). In 
antagonist group, bi-directional frequency interaction had been found in 60-90 min post-drug (delta to theta). 
Conclusions: oscillations between striatum and motor cortex at delta and theta bands appear significant inverse 
synchrony changes in identical frequency band with different stimulations. Meanwhile, different stimulations induce 
cross-frequency bands synchronized or interferential synchrony fluctuations in brain with direction specificity, 
providing a further investigation and a special point of view in intracerebral neural oscillations interaction in neural 
network when dopamine receptors stimulated by drugs. 

1775 
Dopamine substitution increases connectivity between premotor and motor areas in Parkinson’s disease – a 
DCM-Study 
P. Loehrer, V. Seeger, I. Weber, C. Oehrn, H. Dafsari, M. Tittgemeyer, L. Timmermann (Marburg, Germany) 
Objective: To assess the influence of dopaminergic depletion in Parkinson’s disease (PD) on connectivity 
parameters within the cortical motor network. 
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Background: Integration of neuronal information between the basal ganglia and the cortical motor network is 
impaired in PD [3]. As a consequence thereof, it has been shown that connectivity between lateral premotor cortex 
(lPM) and supplementary motor area (SMA) is reduced in PD during a simple tapping task, leading to poor motor 
output [2]. Changes in coupling within the cortical motor network comprising lPM, SMA, and primary motor cortex 
(M1), however, are not fully understood and could be used as a surrogate parameter in Parkinson’s disease [1, 3]. 
Methods: 12 patients with idiopathic Parkinson’s disease in their OFF and clinical ON and 12 age-matched controls 
performed internally and externally paced finger movements while a high-density electroencephalogramm (EEG) 
was recorded. Behavioral performance was analyzed with respect to deviation of tapping frequency from the given 
pace. We performed an individual source reconstruction to assure that distinct sources were active. Subsequently, 
dynamic causal modelling (DCM) for steady states was employed to characterize changes in oscillatory coupling. 
Bayesian model selection on the family level was performed to analyze overall model structure. In a second step, 
connectivity parameters were extracted. 
Results: PD patients in their OFF had a significantly higher deviation from given pace compared to healthy 
participants (PD OFF: 61.55 ms ± 10.48 (SEM) vs. Controls: 26.21 ± 1.87 ms, p = .045). In medicated PD patients 
no significant difference in comparison to controls could be observed (PD OFF: 57.25 ± 9.02 ms vs. Controls: 26.21 
± 1.87 ms, p = .077). Bayesian model selection on the family level favored models comprising reciprocal 
connections over models with unidirectional connections. Second level analysis revealed a reduction in connectivity 
between premotor areas (lPM and SMA) and M1 in PD patients OFF medication compared to healthy controls, 
whereby dopaminergic medication reestablished connectivity. 
Conclusions: Our preliminary results suggest that PD patients OFF medication have difficulties maintaining a given 
tapping pace and coupling between premotor areas and M1 is reduced. Dopaminergic replacement therapy partially 
improves behavioral performance and premotor to M1 connectivity. 
References: 1. de Hemptinne C, Ryapolova-Webb ES, Air EL, Garcia PA, Miller KJ, Ojemann JG, Ostrem JL, 
Galifianakis NB, Starr PA (2013). Exaggerated phase-amplitude coupling in the primary motor cortex in Parkinson 
disease. Proc Natl Acad Sci U S A. 110(12): 4780-5 2. Herz DM, Florin E, Christensen MS, Reck C, Barbe MT, 
Tscheuschler MK, Tittgemeyer M, Siebner HR, Timmermann L (2014). Dopamine Replacement Modulates 
Oscillatory Coupling Between Premotor and Motor Cortical Areas in Parkinson's Disease. Cerebral Cortex. 24(11): 
2873-83 3. Nettersheim FS, Loehrer PA, Weber I, Jung F, Dembek TA, Pelzer EA, Dafsari HS, Huber CA, 
Tittgemeyer M, Timmermann L (2018). Dopamine substitution alters effective connectivity of cortical prefrontal, 
premotor, and motor regions during complex bimanual finger movements in Parkinson's disease. Neuroimage: 

1776 
The interaction between iron metabolism and inflammation in Parkinson´s disease: an in vivo and post 
mortem study 
A. Martín-Bastida, B. Tilley, T. Alireza, S. Gentleman, D. Dexter, R. Ward (London, United Kingdom) 
Objective: To assess the relationship iron and inflammatory markers in an in vivo and post mortem study of 
Parkinson´s disease subjects. 
Background: Although neuroinflammation and iron accumulation a shown to be characteristic features of 
Parkinson’s disease (PD) pathology, the relationship between them is yet to be ascertained. In the present study, we 
aimed to investigate iron and inflammatory markers by analysing plasmatic and neuroimaging parameters in an in 
vivo study. In addition, we assessed the relationship between microgliosis and iron deposition in substantia nigra 
pars compacta (SNc) in post mortem data. 
Methods: Twenty-five early stage PD subjects and 18 healthy controls underwent an extensive systemic study 
including iron metabolism (iron, ferritin) and inflammation (IL6, TNF-alpha, hepcidin) parameters along with T2* 
MRI of deep grey matter nuclei including SNc and basal ganglia. The post mortem study includes formalin-fixed 
paraffin wax embedded brain sections obtained from seven control individuals and twenty subjects from the 
Parkinson’s UK Tissue Bank Imperial College; 10 were assigned Braak stage III-IV and the other 10 Braak score V-
VI. We assessed the systemic and brain relationship of iron and inflammatory markers with clinical measures of PD 
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in the in vivo study as well as the associations between nigral microgliosis and iron deposition in the post mortem 
study. 
Results: PD subjects showed systemic ferritin associated with a variety of inflammatory plasmatic markers, i.e. 
hepcidin and IL-6, as well as clinical parkinsonian scales (Hoehn and Yahr and disease duration, levodopa regime). 
Although iron accumulation did not differ between control and PD group, ferritin ratios correlated with disease 
duration and burden in PD. Post-mortem analysis of the parkinsonian SNc, divided according to Braak and Braak 
scores, exhibited microgliosis and increased iron accumulation when compared to controls. In addition, the degree 
of microgliosis correlated with the intensity of nigral iron staining. 
Conclusions: Markers of inflammation and iron metabolism in both systemic and brain systems show a close 
interplay in PD, thus offering a potential biomarker for monitoring clinical progression of the disease as well as 
prospective therapeutic targets. 

 

1777 
Pathological role of GBA2 in GBA1-related disorder  
E. Nakanishi, N. Uemura, H. Akiyama, M. Kinoshita, H. Yamakado, S. Takeda, Y. Hirabayashi, R. Takahashi 
(Kyoto, Japan) 
Objective: This study was performed to determine the pathological role of the non-lysosomal β-Glucosidase 
(GBA2) in the CNS in Gaucher’s disease (GD) and GBA1-related Parkinson's disease (PD). 
Background: Recent genetic studies have identified that heterozygous mutations in the GBA1 gene are a strong risk 
factor for sporadic PD. Homozygous mutations in GBA1 gene are responsible for GD, the common autosomal 
recessive lysosomal storage disease. We have reported that the GBA1 knock-out (KO) medaka can survive long 
enough for pathological analysis of disease progression in contrast to the perinatal death of GBA1 KO mice. These 
GBA1 KO medaka display abnormal swimming movement, non-selective neuronal loss, and α-synuclein 
accumulation in the brains. These GBA1 KO medaka are useful to investigate the mechanisms of α-synuclein 
accumulation in GD and GBA1-related PD. GBA2, which is localized at the endoplasmic reticulum and Golgi 
apparatus, cleaves glucosylceramide to glucose and ceramide like GBA1. A recent study has reported that the 
deletion of GBA2 rescues the visceral manifestations in type1 GD mice model through reduction of sphingosine. To 
date, it remains unclear whether the deletion of GBA2 can modify the central nervous system (CNS) manifestations 
of GD. 
Methods: We generated GBA2 KO medaka by clustered regularly interspaced short palindromic repeat (CRISPR) / 
CRISPR-associated nuclease (Cas9) system. Then, we crossed GBA2 KO medaka with GBA1 KO medaka to 
examine the genetic interaction between GBA1 and GBA2 in GD and GBA1-related PD. 
Results: GBA2 KO medaka lack both GBA2 enzymatic activity and protein expression. There were no differences 
the loss of dopaminergic cells between GBA1-/-; GBA2+/+ and GBA1-/-; GBA2-/-. Moreover, the deletion of 
GBA2 in GBA1 KO medaka didn’t reduce the amount of sphingosine, the presumptive culprit in the previously 
study. GBA2 KO medaka also showed the accumulation of α-synuclein, and the deletion of GBA2 in GBA1 KO 
medaka accelerated the accumulation of α-synuclein via autophagic dysfunction.  
Conclusion: The deletion of GBA2 in GBA1 KO medaka didn’t reduce the amount of sphingosine or rescue the 
pathology of CNS. Moreover, the accumulation of α-synuclein was exacerbated by the deletion of GBA2. The 
GBA2 is a novel modifier of the GBA1-related disorder. 

1778 
Translation of a subject-specific stereotaxic platform to a large animal deep brain stimulation research 
models 
F. Paiva, B. Campbell, A. Martin, L. Frizon, A. Maldonado, A. Machado, K. Baker (Cleveland, OH, USA) 
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Objective: To evaluate the feasibility and accuracy of applying the commercially-available, FHC STarFix platform 
system for direct targeting of deep brain stimulation electrodes in a large animal model of Parkinson’s disease. 
Background: Large animal models of human disease play an important role in our understanding of novel 
neurosurgery-based approaches for the treatment of neurological and psychiatric disease. Such work is highly 
dependent on precise localization of subcortical brain targets for the purpose of inserting cannulae, lesioning probes, 
or the placement of electrodes used for either delivering electrical stimulation or making electrophysiological 
recordings.  Current frame-based approaches for animal stereotaxis depend largely on indirect targeting methods that 
use atlas-based coordinates - often derived from a limited subject sample and inherently incapable of accounting for 
the substantial variation found in larger animal models. Here, we describe our adaptation of a commercially-
available microtargeting platform - currently in clinical use - for implanting deep brain stimulation (DBS) leads in 
the non-human primate (NHP) research model. 
Methods: The system was evaluated through 7 lead implants across 5 NHPs, with scaled-down (2F) DBS leads 
implanted in either the subthalamic nucleus (STN) or the cerebellar dentate nucleus (DN). For each animal, a 
subject-specific, customized micro-frame was created based on preoperative MRI and stereo-CT containing skull 
fiducials. Leads were implanted and secured under general anesthesia through a bur hole craniotomy. Animals were 
allowed to recover for two or more weeks before a post-implant-CT scan was acquired. 
Results: Accuracy of lead placement was determined through co-registration of a post-implant CT and pre-operative 
MRI, with comparisons between final localization of the lead tip relative to the planned trajectory yielding Euclidian 
distance ranges from 0.37 – 1.99 mm. 
Conclusions: Our preliminary experience supports the potential for further development of this frameless 
stereotaxic system for use in large animal models, while characterizing the potential pitfalls associated with the 
technique. Further advancement of stereotaxic approaches in large animal models remains an important 
consideration, particularly in instances that involve chronic instrumentation of highly-trained animals. 

1779 
Mitigation Effects of a Novel Herbal Medicine Hepad, on neurophysiology. 
B.J. Park, D.H. Kim, J.M. Park (Daejeon, Republic of Korea) 
Objective: Therefore, further studies are needed to identify compounds that can modulate the disease process and 
prevent the progression of symptoms in affected patients. Our research has focused on herbal medicines for the 
treatment of PD. 
Background: Parkinson’s disease (PD), a common adult-onset neurodegenerative disorder with complex 
pathological mechanisms, is characterized by the degeneration of dopaminergic nigrostriatal neurons. The molecular 
pathogenesis of PD is believed to be associated with mitochondrial dysfunction, oxidative stress, and activation of 
the apoptotic cascade. But, currently no existing drugs are capable of perfect inhibiting or delaying the progression 
of PD. 
Methods: The present study demonstrated that the herbal medicines Hepad 1 and 2 protected against 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced dopaminergic neurotoxicity in C57BL/6 mice and SH-SY5Y 
cells. 
Results: Hepad 1 and 2 remarkably alleviated the enhanced expression of pro-inflammatory cytokines (tumor 
necrosis factor-α, interleukin-6, inducible nitric oxide synthase, cyclooxygenase-2, macrophage-1, and 
phosphorylated iκB-α) and apoptotic signals (Bcl-2-associated X protein, caspase-3, and poly [ADP-ribose] 
polymerase-1). Additionally, Hepad reduced MPTP-induced oxidative damage by increasing the expression of anti-
oxidant defense enzymes (superoxide dismutase and glutathione S-transferase) and downregulating the levels of 
nicotinamide adenine dinucleotide phosphate oxidase 4. This study also showed that the neuroprotective effects of 
Hepad include anti-inflammatory, anti-apoptotic, and anti-oxidative properties, in addition to activation of the 
protein kinase B, extracellular-signal-regulated kinase, and c-Jun N-terminal kinase signaling pathways. 
Furthermore, oral administration of Hepad 1 and 2 attenuated the death of tyrosine hydroxylase-positive substantia 
nigra neurons that was induced by 20 mg/kg MPTP. 
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Conclusions: The present study showed for the first time that Hepad possesses anti-oxidant activity and that it can 
exert neuroprotective effects against MPTP-induced oxidative stress injury. Specifically, our study demonstrated 
that Hepad protected against MPTP-induced injury by reducing the expression of inflammatory regulators and 
apoptosis-associated proteins, as well as by increasing the levels of anti-oxidant enzymes via the p-AKT and MAPK 
signaling pathways. 

1780 
Blood Metagenomics Analyses of Brazilian Parkinson's Disease Patients: A Clinical Substype Study 
G. PORALLA, V. RAYOL, N. WOLDMAR, B. FADEL, L. GIACOMIN, A. ROSSO, L. PIZZATTI (RIO DE JANEIRO, 
Brazil) 
Objective: The goal of this study is to analyze the dormant microbiome present in blood of Parkinson’s disease 
(PD) patient and healthy controls samples by identifying and quantifying their bacterial microbiota through Next 
Generation Sequencing (NGS). 
Background: Previous studies have suggested that dysbiosis of the intestinal microbiota can be related to several 
neurodegenarative diseases, including PD, however the exact mechanism of the gut and brain axis as well as 
alterations in the dormant microbiota present in blood of PD patients were not yet discovered. In this study we 
analyzed the microbiota present in whole blood of patients with PD between 50 and 65 years old from distinct 
clinical groups (tremulant, rigid akinetic and classic) and in early, moderate and advanced stage of disease, 
according to Hoehn & Yahr (H/Y) scale. We compared these data with healthy control group at the same age. 
Methods: The 58 samples and 19 healthy control group were analyzed by using Ion 16S™ Metagenomics Kit 
(Thermo Fisher) with Ion Torrent PGM Next Generation Sequencing-NGS platform in order to amplify and identify 
the hypervariable regions V2-4-8 and V3-6, 7-9 of the gene encoding the 16S ribosomal RNA of bacteria. Data 
analysis were performed by Ion Reporter. The results confirmation was performed by Real Time PCR (qPCR) using 
Quant Studio 12k (Thermo Fisher). 
Results: A total of 32 bacterial genus was identified in healthy control group and PD patients. However, from these 
32 genera, 20 of them were found in heathy control group blood microbiome whereas all the 32 genera were present 
in blood microbiome of PD’s patients. There were 20 genera found in each of them and 1 exclusive genus in 
tremulant group (Roseomonas); 7 exclusive genera in rigid aknetic group (Erwinia, Hafnia, Paenibacillus, Pantoea, 
Rahnella, Rickettsia and Xanthomonas); 3 exclusive genera in classic group (Methylobacterium, Sphingomonas and 
Veillonella) and 1 exclusive genera in healthy control group (Lautropia). 
Conclusions: Our data showed that specific microbiota present in blood are associated to PD patients and their 
different clinical groups. The exclusiveness of microbiome present in each clinical group and the lack of them in 
heathy control group can suggest different profiles of the disease and also putative biomarkers for each clinical 
stage. Further analysis should be conducted in order to reveal the role of the altered PD microbiome. 

1781 
Weighting fibroblasts for future diagnostic prospect 
G. Prevot, E. Bezard, L. Cognet, B. Dehay, P. Bon (Bordeaux, France) 
Objective: To determine the dry mass of fibroblasts obtained from apparently healthy individuals and patients with 
brain disorders or cancer pathologies for future diagnosis prospect. 
Background: The seeks of discovering new biomarker to improve the diagnostic and the prognostic is one of the 
actual main challenge. Skin fibroblasts are known to retain specific environmental and aging history of patient 
making them a suitable model, reflecting the disease status and progression. Previous study analyzed alterations in 
growth, morphology and mitochondrial function in Parkinson’s disease skin fibroblast1. Here we decided to go 
further by assessing dry mass measurements of fibroblasts from several pathologies by using high sensitivity 
microscope coupled with software algorithm. 
Methods: Fibroblasts obtained from biopsy of patients suffering from Parkinson’s disease (genetic or sporadic 
cases), Huntington’s disease, epilepsy, Rett syndrome, cystic fibrosis or familial adenomatous polyposis were 
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cultured. A label-free technique (quantitative phase microscopy using Quadriwave Lateral Shearing Interferometry) 
was used to allow a high-sensitivity observation of living fibroblasts and to determine their dry mass2. 
Results: We have detected changes in morphology and in dry mass according to disease-related fibroblasts. 
Strikingly, we observed that Parkinson’s disease fibroblasts mass was statistically very different from control 
fibroblasts mass. 
Conclusions: These data suggested that skin fibroblasts may represent an easily and accessible source and the 
changes in dry mass can reflect molecular changes and pathological status. 
References: 1 Teves, J. M. Y. et al. Parkinson's Disease Skin Fibroblasts Display Signature Alterations in Growth, 
Redox Homeostasis, Mitochondrial Function, and Autophagy. Front. Neurosci. 11, 737, 
doi:10.3389/fnins.2017.00737 (2017). 2 Aknoun, S. et al. Living cell dry mass measurement using quantitative 
phase imaging with quadriwave lateral shearing interferometry: an accuracy and sensitivity discussion. J. Biomed. 
Opt. 20, 126009, doi:10.1117/1.JBO.20.12.126009 (2015). 

1782 
Spiral Analysis Evaluates the Effects of Deep Brain Stimulation in Parkinson disease and Essential Tremor 
S. Radmard, S. Pullman (New York, NY, USA) 
Objective: To apply computerized spiral analysis to investigate upper limb kinematics and impact of deep brain 
stimulation (DBS) on motor dysfunction in Parkinson disease (PD) and essential tremor (ET). 
Background: Computerized spiral analysis is a non-invasive test capturing kinematic dynamics and spatial 
featuresof Archimedean spirals. It computes a series of mathematical indices by to quantify motor performance 
and is validated with clinical rating scales in PD and ET. Clinical changes from DBS are typically evaluated 
subjectively, which lacks sensitivity for subtle changes. With the development of more sophisticated DBS targeting 
methods, we propose to document DBS outcomes to elucidate which spiral analysis indices reflect favorable 
outcomes and which do not. 
Methods: This retrospective study evaluated 99 subjects with PD (76), ET (13), or PD-ET (10) referred for DBS 
from 2002-2018 who underwent pre- and post-operative spiral analysis testing. Subjects freely drew 10 spirals with 
both hands on plain paper with an inking pen on a graphics tablet (Intuos4, Wacom Technology, Corp, Vancouver, 
WA). Acquisition and analysis software were written in Objective-C and MATLAB (The Mathworks, Natick, MA). 
We assessed a subset of indices with validated clinical correlates: overall degree of disease severity (DoS) 
corresponding to a 5-point (0-4) rating scale, second order smoothness (2ndSm) as a marker of bradykinesia, 
rigidity, and drawing irregularity, tightness as a correlate of micrographia, spiral width variation (SWVI) measuring 
ataxia, drawing speed from the start to end of each spiral, and tremor severity. 
Results: DoS improved after DBS (p < 0.001), independent of target and correlated with motor UPDRS score 
improvement from 37 ± 15.8to 18.5 ± 9.9 (p<0.001). 2ndSm improved in all patients (p<0.001), independent of 
DBS target. The tremor severity decreased in both STN (p<0.001) and Vim (p<0.05) targets. SWVI only improved 
in Vim target in ET (p<0.05). DBS had no effect on tightness or drawing speed (p>0.05). 
Conclusions: Spiral analysis provides objective and quantifiable correlates of clinical change after STN and Vim 
DBS. In this study, we show that spiral analysis discriminates those clinical features that improve after specific DBS 
targeting and clinical conditions from that do not change and suggest that these findings could be used to further 
refine DBS targeting and stimulation techniques. 

1783 
Widespread distribution and abundant accumulation of alpha-synuclein oligomers in multiple system 
atrophy brain 
H. SEKIYA, H. KOWA, H. KOGA, M. TAKATA, W. SATAKE, N. FUTAMURA, I. FUNAKAWA, K. JINNAI, M. 
KANAGAWA, K. KOBAYASHI, T. TODA (Kobe, Japan) 
Objective: To examine the distribution of alpha-synuclein (αSyn) oligomers as an early pathological change in 
multiple system atrophy (MSA) brains. 
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Background: Although severe neuronal loss is observed in MSA, neuronal inclusions (NIs) are rare compared to 
αSyn-positive glial cytoplasmic inclusions (GCIs), such that the pathological mechanism of neuronal loss in MSA is 
unclear. GCIs and NIs are late-stage pathological features relative to αSyn oligomers and may not represent early 
changes. To reveal the early pathology of MSA, it is necessary to examine the early aggregation of αSyn, i.e., αSyn 
oligomers. 
Methods: We adopted a proximity ligation assay (PLA) to examine the distribution of αSyn oligomers in brain 
samples from patients with MSA and other diseases. We examined 5 MSA cases, 5 Parkinson’s disease (PD) cases, 
and 9 control cases. We expanded the regions of analysis to neocortex and hippocampus, as well as the striatum and 
brain stem. 
Results: MSA brains showed a wide distribution and abundant accumulation of oligomeric αSyn in neurons as well 
as oligodendrocytes of the neocortex, which was largely unique to MSA. In the MSA group, 4 of 5 cases showed 
clustered staining in neurons of 9 cortical regions, whereas such staining was not observed in PD or control cases, 
except in 2 regions of 2 PD cases. In the cerebellum, abundant αSyn oligomer was also observed in Purkinje cells of 
MSA brains. In addition to the neuronal staining, diffuse neuropil staining was detected in MSA cases. The αSyn-
PLA intensity was significantly higher in several cortical regions in patients with MSA than in patients with PD. In 
canonical regions of MSA such as putamen, substantia nigra, pontine nucleus and inferior olivary nucleus, neuronal 
staining was relatively unremarkable and the severity of αSyn-PLA in neuropils was relatively low. We observed a 
significant inverse correlation of neuronal loss and αSyn-PLA severity in these areas. 
Conclusions: We visualized αSyn oligomers using a PLA approach and showed a wide distribution of αSyn 
oligomers in neurons of MSA. Considering the aggregation process of αSyn and the toxicity of αSyn oligomers, our 
study suggests that αSyn oligomer-mediated toxicity is an early pathological event in MSA and that the primary 
lesion of MSA may lie in neurons. 

1784 
Maladaptive Nigrovagal Neuronal Plasticity Causes Ascending Alpha-Synucleinopathy in a Novel 
Environmental Toxin Based Rat Model of Parkinsonism 
T. Subramanian, K. Le, S. Hojjatinia, K. Venkiteswaran, M. Subramanian, L. Anselmi, C. Bove, R. Travagli 
(Hershey, PA, USA) 
Objective: Test the hypothesis that unilateral chemogenetic inhibition of the nigrovagal pathway in the subthreshold 
Paraquat (P) + dietary lectin (L) exposure rat model of parkinsonism will provide contralateral protection and cause 
ipsilateral hemiparkinsonism. 
Background: We recently demonstrated that there is a direct monosynaptic nigrovagal dopaminergic pathway in the 
rat and that oral exposure of subthreshold doses of P+L causes bilateral levodopa responsive parkinsonism 
accompanied by substantia nigra pars compacta (SNpc) neuronal degeneration (Anselmi, et. al., npj Parkinson’s 
disease 4:30, 2018). In this model misfolded alpha-synuclein ascends from the stomach via the vagus nerve to reach 
the dorsal motor nucleus of the vagus (DMV) and then into the SNpc causing neuronal degeneration and 
maladaptive hyperactivity in the nigrovagal pathway. We predicted that silencing this maladaptive hyperactivity will 
prevent parkinsonism. 
Methods: Adult Sprague Dawley rats were stereotactically injected with AAV2- Ef1a-eYFP-IRES-WGA-Cre into 
the DMV and AAV8-hSyn-DIO-hM4Di-mCherry into the SNpc on the left side. This allowed specific chemogenetic 
inhibition of the left nigrovagal pathway when P+L was given orally along with the chemogenetic activator CNO in 
the water supply for 1 week. Control animals received inactive vectors. Behavioral assessments at 2, 4, 8, 12, 16 and 
20 weeks; and terminal electrophysiology and histology. 
Results: All test animals developed stable left hemiparkinsonism and control animals developed bilateral 
parkinsonism as determined on the stepping, vibrissae evoked forelimb placement and cylinder tests. 
Electrophysiological recordings from the subthalamic nucleus showed expected increased firing rate and burstiness 
on the unprotected side and no changes in the protected side. Histology showed unilateral expression of hM4Di and 
mCherry exclusively in the nigrovagal pathway and ipsilateral SNpc neuronal preservation. Contralateral SNpc 
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demonstrated >50% neuronal degeneration with lewy body-like inclusions that were positive for misfolded alpha-
synuclein. 
Conclusions: We show that maladaptive nigrovagal neuronal hyperactivity plays a critical role in accelerating 
synucleinopathy and SNpc neurodegeneration providing proof of concept the nigrovagal pathway is a novel 
therapeutic target to prevent disease progression in Parkinson’s disease 
References: 1. Anselmi L, Bove C, Coleman FH, Le K, Subramanian MP, Venkiteswaran K, Subramanian T, 
Travagli RA. Ingestion of subthreshold doses of environmental toxins induces ascending Parkinsonism in the rat. npj 
Parkinson's Disease. 2018;4(1):30. doi: 10.1038/s41531-018-0066-0 2. Anselmi L, Toti L, Bove C, Hampton J, 
Travagli RA. A Nigro-Vagal Pathway Controls Gastric Motility and Is Affected in a Rat Model of Parkinsonism. 
Gastroenterology. 2017;153(6):1581-93. doi: 10.1053/j.gastro.2017.08.069. 

1785 
Alpha-synuclein interacts with BAF complex in nucleus 
N. Sugeno, T. Hasegawa, J. Kobayashi, S. Yoshida, M. Ezura, A. Kikuchi, A. Takeda, M. Aoki (Sendai, Japan) 
Objective: This study aims to uncover the prospective partner of αS in nucleus. 
Background: In neuronal cells, large part of alpha-synuclein (αS) localize at presynaptic terminal, while it is also be 
evident that αS reside in nucleus. Our concern is how αS behave in that field. In recent study, we found some 
important neuronal genes bonded by tight cores of methylated histone H3 in the presence of αS. Shaping those 
forms, epigenetic effectors coacting with αS should be existed. To release the tangled chains affecting degenerative 
process of synucleinopathy, it would be unavoidable step to unveil the partner engaged with αS. 
Methods: Fine nuclear lysates were extracted from 293 cells stably expressing HA-tagged αS using modified 
standard method. To avoid non-specific binding of nucleic acids to the sepharose beads, RNAse, DNAse, and 
Benzonaze were supplemented with the buffers. 800 ug of nuclear lysates were incubated with anti-HA antibody-
conjugated-beads overnight. After intensive washes, HA-αS interacting proteins were competitively collected by HA 
peptides. Digested samples were thoroughly analyzed by nanoLC-MS/MS. Protein, which had at least 5 spectral 
counts (SpC) in the HA-αS sample, which was not detected in the parental 293 sample, and which was detected with 
a 4-fold or more increase based on dividing SpC values, were given as meaningful binding. 
Results: Based on the criteria described above, 216 nuclear proteins were qualified. Functionally, several of them 
were member of BAF (BRG1-Associated Factor) complex by which some of the components are replaced to another 
during neuronal differentiation. In mature neuronal cells as well as 293 cells, αS was interacted with SMARCC1 and 
SMARCC2, key players of that complex. Furthermore, switching of developmental components was robustly 
disturbed in the presence of αS. 
Conclusions: We found putative αS-interacting proteins belong to BAF complex. αS may alter the physiological 
function of that complex. 
References: 1. Sugeno N, Jackel S, Voigt A, et al. (2016) alpha-Synuclein enhances histone H3 lysine-9 
dimethylation and H3K9me2-dependent transcriptional responses. Scientific reports 6: 36328 

1786 
Central Insulin Resistance Index is Independent of Peripheral Insulin Resistance in Parkinson's disease 
M. Tagliati, E. Hogg, T. Wu, K. Makwana, H. Maghzi, A. Garland, E. Tan, C. Riera (Los Angeles, CA, USA) 
Objective: To correlate brain insulin signalling with peripheral insulin resistance using neuronally derived blood 
exosomes in patients with Parkinson's Disease (PD) 
Background: Insulin signaling abnormalities may contribute to PD pathogenesis, both promoting and being driven 
by the deposition of alpha-synuclein. It is unknown whether peripheral insulin resistance and prediabetes are 
associated with dysfunctional central insulin signalling in PD. Extracellular Vesicles, or exosomes, can be separated 
to identify those that come specifically from brain neurons implicated in insulin resistance. While this method has 
primarily been used in AD, its utility has been proven in PD as well. 
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Methods: Fasting insulin, fasting glucose, and HbA1c were recorded 37 non-diabetic and non-demented PD 
patients in order to determine peripheral IR status. IR was measured using the HOMA-IR method, defined as fasting 
glucose (mg/dl) × fasting insulin (mU/l)/405. HoMA-IR values ≥ 2.0 and/or HbA1c ≥5.7 were used to define 
peripheral IR. Plasma exosomes were precipitated and bound to a biotinylated CD-171 antibody, allowing to enrich 
for neuronal exosomes. This allowed for the determination of the ratio of pSer312-IRS-1 to pan-Tyr phosphorylated 
IRS-1 (IR index) for each subject. The significance of differences between PD patients with and without IR was 
calculated with non-parametric tests (Mann Whitney U). 
Results: Of 37 non diabetic PD subjects included in the study, 18 (48.6%) had peripheral IR. Mean levels of P-
serine 312-IRS-1 were 22.7 ± 0.86 U/ml in non-IR PD patients and 22.3 ± 0.89 U/ml in PD patients with IR (NS). P-
pan-tyrosine-IRS-1 levels were 0.153 ± 0.06 AU (absorbance units at 450 nm) for non-IR PD and 0.156 ± 0.06 AU 
for PD with IR (NS). Mean IR index values were 159.2 ± 48.3 for PD with IR and 167.3 ± 55.1 for non-IR PD (NS). 
Conclusions: Comparison of the results for PD patients with and without peripheral IR showed no differences in the 
exosomal levels of P-serine 312-IRS-1, P-pan-tyrosine-IRS-1, or IR index, suggesting that brain insulin resistance is 
independent of peripheral IR status in PD. 

1787 
Co-administration of levodopa and zonisamide reduces the serotonin transporter expression in a rat model of 
Parkinson's disease 
R. Tohge, S. Kaneko, S. Morise, M. Oki, M. Nakamura, N. Takenouchi, H. Kusaka (Hirakata, Japan) 
Objective: To investigate the change of striatal serotonergic system according to the administration of levodopa and 
zonisamide (ZNS) on the striatal serotonergic system, we analyzed the striatal serotonin transporter (SERT) 
expression in the difference of antiparkinsonian treatments in a rat model of Parkinson’s disease (PD). 
Background: Non-dopaminergic neurotransmitters, such as serotonin and adenosine, have been emphasized on the 
pathophysiology of Parkinson’s disease (PD). We have previously reported [1] that intermittent levodopa treatment 
on unilateral PD model rats developed LID. Whilst, co-administration of ZNS ameliorated the development of LID 
via amelioration of enhanced A2A receptors expression. 
Methods: PD model rats made by 6-OHDA injection into the unilateral medial forebrain bundle were subdivided 
into three groups and treated as follows; 1) no medication (group N), 2) intermittent levodopa injection (12 mg/kg 
plus benserazide 4mg/kg, twice daily) (group I) and 3) intermittent levodopa and zonisamide (26 mg/kg, twice daily) 
(ZNS) injections (group IZ). Two weeks after the treatment, striatal SERT expression was quantitated by 
immunohistochemistry and compared between lesioned and intact sides. 
Results: The ratio of striatal SERT expression (lesioned side /intact side) was significantly elevated in group N. The 
enhanced ratio of that was reduced in group I. Further reduction of the ratio was observed in group IZ. 
Conclusions: Up-regulation of serotonin transporter may be compensation for dopaminergic deficit. ZNS may have 
an anti-dyskinetis effect via reduction of the striatal serotonergicinnervation in the rat model of PD. 
References: [1] Oki M, Kaneko S, Morise S, Takenouchi N, Hashizume T, Tsuge A, Nakamura M, Wate R, Kusaka 
H. Zonisamide ameliorates levodopa-induced dyskinesia and reduces expression of striatal genes in Parkinson 
model rats. Neurosci Res 122:45-50, 2017. 

1788 
The role of lipid metabolism in mouse models of Parkinson’s disease 
M. Trabjerg, D. Andersen, P. Huntjens, K. Mørk, M. Skjønnemand, M. Oklinski, A. Mørkholt, I. Huijbers, C. 
Pritchard, L. Kroese, J. Nieland (Aalborg, Denmark) 
Objective: To investigate the role of lipid metabolism and the effect of blocking carnitine palmitoyl-transferase 1 
(CPT1) in toxic and genetically mouse models of Parkinson’s disease (PD).  
Background: Parkinson’s disease is characterized as a neurodegenerative disease resulting in death of dopaminergic 
neurons. However, multiple studies indicate that dysregulation of metabolism is a hallmark in the pathogenesis. 
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Studies indicate that lipid metabolism is upregulated and glucose metabolism downregulated resulting in disruption 
of homeostasis at the local and systemic level. 
Methods: Mice with a Cpt1a p479l mutation was generated in collaboration with Netherlands Cancer Institute. 
These mice and C57Bl/6J (B6) male mice were exposed to a chronic oral gavage rotenone regime (30mg/kg) for 32 
days and evaluated for clinical symptoms of PD using motor and sensorimotor tests. Mice were euthanized and 
samples was collected at day 32. 
 
B6 male mice were exposed to rotenone (30mg/kg) for 32 days and assessed for clinical symptoms of PD using 
motor and sensorimotor tests and randomized into treatment with a CPT1-blocker or placebo for 30 days. Treatment 
with CPT1-blocker or placebo alternated with rotenone administration resulting in a total of 18 days of CPT1-
blocker or placebo treatment. At day 56 and 60 mice were evaluated for clinical symptoms of PD. Mice were 
euthanized and samples was harvested at day 62. 
Microbiota analysis was performed on fecal samples from the Cpt1a p479l and CPT1-blocker experiment using 16s 
RNA sequencing. 
B6.129S4-Prkntm1Shn/J mice (PARK2) were bought from Jackson, USA and bred in at Aalborg University animal 
facility. Male PARK2 and B6 mice were assessed for clinical symptoms of PD and randomized into treatment with a 
CPT1-blocker or placebo for 4 weeks. 
Results: Mice with a Cpt1a p479l mutation showed resistant against rotenone induced PD and performed significant 
better compared to wildtype mice at day 32. B6 mice developed clinical symptoms of PD following 32 days of 
rotenone administration. CPT1-blocker was able to reverse clinical symptoms of PD at day 56 and 60. Microbiota 
analysis revealed several significant differences between treatment groups and genotypes (Cpt1a p479L and B6). 
Results from the PARK2 experiment are pending and will be presented at the conference. 
Conclusions: CPT1 and CPT1a is emerging as a promising target for the treatment of PD. 

1789 
Experimental model of developing of Parkinson’s disease 
M. Tukhtamishev, F. Akhmedova (Tashkent, Uzbekistan) 
Objective: Analyzing the reserpine model of Parkinsonian syndrome 
Background: There are several experimental models of Parkinson's disease: reserpine, methamphetamine, 6-
hydroxydopamine (6-OHDA), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine - substances that selectively destroy 
catecholaminergic systems or disrupt their normal functioning. It has also been found that some agricultural 
chemicals, such as rotenone and paraquat, when administered systematically, can reproduce a number of key 
features of Parkinson's disease in rodents. 
Methods: The reserpine model of Parkinson syndrome was achieved with a single injection of reserpine at a dose of 
3 mg / kg subcutaneously. The work was carried out on male Wistar rats weighing 250-300 g. Reserpine was 
dissolved in glacial acetic acid (100 μl), then in water for injection at a ratio of 1: 35. 
Results: After two hours of introduction of the toxin, the animals developed the following symptoms: rigidity, 
ptosis of the upper eyelid and tremor. Reserpine is a central sympatholytic, systemic administration of the drug 
depletes dopamine in the nerve endings and induces a hypokinetic state in rodents. Reserpine causes the release of 
other neurotransmitters that may not be directly involved in the molecular pathogenesis of Parkinson's disease. 
Conclusions: This model is suitable for studying the possibilities of correcting the pathology with the help of 
various pharmacological agents. Its advantage lies in the rapid development of Parkinson syndrome in experimental 
animals: the symptoms occur as early as 2 hours after the administration of the reserve and persist for up to 4 days. 
On this model, it is possible to study new drug anti-parkinsonian substances with their both systemic and 
intracerebral administration. The predictive value of testing for symptomatic drugs on the reserpine-induced model 
is low, since some drugs that reduce reserpine motor impairment are ineffective in Parkinson's disease. However, 
such a model opens up opportunities for the creation and testing of new drug approaches aimed at reducing the 
cognitive deficit in Parkinson's disease 
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1790 
Motor compensation in Parkinson’s disease: a multimodal neuroimaging study 
N. Villain, N. Pyatigorskaya, S. Lehericy, R. Vallabregue, S. Fernandez-Vidal, M.O. Habert, G. Mangone, J.C. 
Corvol, M. Vidailhet, D. Grabli (Paris, France) 
Objective: To study motor compensation mechanisms in Parkinson's disease. 
Background: Whereas akinesia in Parkinson's disease (PD) is linked to dopaminergic neurons death and striatal 
dopamine depletion, discrepancies between the degree of nigro-striatal denervation and the severity of akinesia were 
observed leading to the hypothesis of motor compensation. Several mechanisms underlying this compensation both 
at the striatal dopaminergic synapse level and at the network level have been described but never investigated in 
vivo in PD patients. 
Methods: 65 early PD patients, 24 iRBD patients and 24 controls were included. Every subjects had clinical 
assessment, a 123I-FP-CIT-SPECT  and multi-modal 3T MRI (3DT1, DTI, T1 neuromelanin and resting-state 
fMRI) under medication. SPECT data were  segmented in striatal anatomical and functional subregions. DTI data 
were transformed into OD, ICVF and FW maps. fMRI data were transformed into ReHo and ALFF maps and were 
used for simple functional  and effective connectivity  analyses. Neuromelanin alteration was quantified using a 
hybrid intensity x volume measure. Motor compensation was estimated through an adjusted motor severity index 
(aMSI), i.e. a ratio between the degree of akinetic motor severity and the degree of neuromelanin nigral alteration. 
Related Z-Scores were created according to a non-parametric approach. Significant correlations were entered into a 
stepwise ascending multiple regression. 
Results: PD and iRBD patients had a significant decrease of 123I-FP-CIT-SPECT fixation in all the subareas of the 
striatum and a significant alteration of the neuromelanin intensity x volume value. In the multiple regression 
analysis,  aMSI was negatively correlated (suggesting protective mechanisms) to the simple functional connectivity 
between the sensorimotor striatum and the associative parietal cortex, the ReHo within the cerebellar lobules VII 
and VIII and within the associative parietal cortex. It was positively correlated (suggesting inefficient mechanisms) 
to the simple functional connectivity between the cerebellar lobules V and VI and the primary motor cortex and to 
the simple functional connectivity between the cerebellar lobules V and VI and the superior parietal lobule. 
Conclusions: New or more active dopaminergic synapses, reorganization of motor and cognitive subcortical loops 
and of the associative areas of the cerebellum are the main motor compensation mechanisms in human early PD. 

1791 
Functional Proteomic Analysis of Leukocytes from Parkinson's Disease Patients: A Clinical Perspective on 
Biomarkers Identification 
N. Woldmar, B. Fadel, G. Poralla, L. Giacomin, J. Evaristo, F. Nogueira, A. Rosso, L. Pizzatti (Rio de Janeiro, 
Brazil) 
Objective: The aim of this work was to identify proteomic profiles associated with specific Parkinson’s disease 
(PD) clinical groups in leukocytes of patients from Rio de Janeiro in order to recognise putative disease biomarkers. 
Background: PD is the second most incident neurodegenerative disease worldwide. Its diagnosis is based only on 
clinical symptoms such as bradykinesia, resting tremor or muscular rigidity and for this reason many patients are 
being misdiagnosed leading to inappropriate treatments. This proves the importance of identifying biomarkers for an 
accurate diagnose as well as for new treatment development. Regarding the biomarkers identification, proteomics 
allows the identification of the protein expression profile present in a given biological sample unequivocally, 
providing valuable information about signalling pathways presents in different groups of patients. Thus, a research 
design that includes clinical features and high resolution mass spectrometry strategies is extremely important to 
identify proteins as putative biomarkers. 
Methods: The normal onset patients blood samples (42) were classified into 3 clinical groups: akinetic-rigid (AR), 
tremordominant (TD) and classic (C) patients according to their symptoms. Samples were then processed to obtain 
their leukocytes. All groups had their protein extracted, quantified and digested. After purification, the samples were 
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analysed by label-free Liquid Chromatography – High resolution Mass Spectrometry (LC-MS/MS) with Q-Exactive 
Plus (Thermo). Results were further analysed by functional bioinformatic softwares. 
Results: We identified 490 proteins in each clinical group and healthy controls (HC). We identified exclusive 
proteins for each group: HC (117), C (129), TD (43), AR (34). Functional in silico analysis comparing the clinical 
subtypes together with healthy controls revealed as major alterations in neutrophil degranulation, protein folding and 
post-translational modifications. It was also possible to identify alteration in nucleosome assembly for classic 
subtype; FOXA1 transcriptional factor signalling for akinetic-rigid subtype and IL-8 and CXCR2 signalling for 
tremordominant subtype. 
Conclusions: Our data contributes to identification of different biological processes in leukocytes of PD patients 
with different clinical features suggesting new putative biomarkers. 

1792 
Microglia as modulators of exosomal alpha-synuclein transmission 
Y. Xia, T. Wang, G.X. Zhang, J.S. Huang, N. Xiong, L. Liu, F. Wan, L. Kou, S.J. Yin, J.J. Hu, Y.D. Sun, J.W. Wu 
(Wuhan, China) 
Objective: It is highly desirable to make clear the underlying mechanism of exosomes-involved communication in 
the synucleinopathy pathogenesis. 
Background:  
Emerging evidence suggests that exogenous pathogenic α-syn have prion-like properties [1]. Notably, We 
previously reported that plasma-derived exosomes from PD patients (PD-EXO) contain more amounts of α-syn 
oligomers and monomers compared to control exosomes. Moreover, we found that microglia display a high potency 
for uptake of PD-EXO, and therefore could be activated. Based on these findings, we hypothesized that PD-EXO 
modulate α-syn release in exosomes derived from microglia, thereby affecting microglia-to-neuron communication. 
Methods: PD-EXO was stereotaxically injected into the unilateral striatum of mice. After 2 week of exposure, brain 
sections were double-stained with the neuronal marker antibody MAP2 or TH and human-specific α-syn antibody. 
The expression of α-syn, phosphorylated-α-syn (p-syn) and P62 in the SNpc was determined by Western blot and 
immunofluorescence. PD-EXO was added to BV2 cells; then immunoblots of exosomes derived from BV2 culture 
media (BV-EXO) were stained with TSG101 and α-syn. Western blot of α-syn expression of SH-SY5Y cells 
exposed to BV-EXO was evaluated. 
Results: Exogenous human α-syn were not restricted to the injection sites but progressed over time to the 
neighboring cortex. Positive human α-syn signal was detected, partly co-localizing with MAP2 in the cortex. 
Moreover, human α-syn is localized to dopaminergic neurons of the SNpc. The endogenous α-syn is extensively 
oligomerized after the internalization of human α-syn. Accumulation of p-syn and P62 was also apparent in the 
SNpc. Within BV-EXO, we observed that approximately 1.6-fold the exosomal marker TSG101 upregulation was 
quantified under PD-EXO treatment, suggesting that exosome abundance was enhanced. Human-specific α-syn has 
been identified in BV-EXO under PD-EXO treatment. Moreover, the addition of PD-EXO led to an increase in the 
levels of exosome-associated monomeric α-syn. Interestingly, in these PD-EXO-treated conditions, a significantly 
higher level of the aggregated form of α-syn in the SH-SY5Y cells was detected. 
Conclusions: Activated microglia microglia play a crucial role in the transmission of α-syn via exosomal pathways, 
in additional to idea that the communication between microglia and neurons might be exemplified by the transport 
of exosomal cargo. 
References: [1] Li, J. Y. et al. Lewy bodies in grafted neurons in subjects with Parkinson's disease suggest host-to-
graft disease propagation. Nat Med 14, 501-503, doi:10.1038/nm1746 (2008). 
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1793 
Hypermethylation of PGC-1α in peripheral blood leukocytes of patients with Parkinson’s disease 
X. Yang, S.Q. Xu, W. Qian, Q. Xiao (Shanghai, China) 
Objective: We aimed to explore the hypothesis that the PGC-1α variants are associated with its promoter 
methylations level thus affecting the PGC-1α mRNA expression. We performed a study of PGC-1α risk-SNP 
genotypes, methylation levels, and mRNA expression in blood from PD patients and healthy controls. 
Background: The epigenome provides a bridge between genes and environment and may help to improve our 
understanding on the etiology of PD. Recent evidence revealed reduced expression of PGC−1α in affected brain 
tissue and PBLs from PD patients [1,2]. However, the mechanism of regulating PGC-1α expression is still limited. 
Dysregulation of DNA methylation in PD patients is well documented. DNA methylation is known to alter gene 
expressionin a heritable manner. This raises the possibility that epigenetic modifications of the PGC−1α promoter 
may account for down-regulation of gene expression in PD. 
Methods: A total of 90 Chinese PD patients and 81 age- and gender-matched controls of Han ancestry were 
included in the study. PGC-1α promoter DNA methylation patterns and Single nucleotide polymorphisms (SNPs) of 
the PGC-1α were assessed using high-throughput mass spectrometry on a matrix-assisted laser desorption/ionization 
time-of-flight mass array. PGC-1α mRNA expression levels were detected in leukocytes. 
Results: The mean DNA methylation level of PGC-1α intron-1 in PD patients was higher compared to controls 
(7.18±1.74 vs 6.36±1.28, p=0.007). We also found the PGC-1α mRNA level was significantly decreased in PD 
patients (2.85±3.30 vs 0.99±1.61, p=0.000). We found a significant negative correlation between the mean DNA 
methylation level of PGC-1α and PGC-1α mRNA levels (r=-0.448, p=0.000). There was a weak correlation between 
the mean methylation level and H-Y stage (r=0.207, p=0.050). However, there were no correlations between 
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methylation level and clinical features including age of disease onset, disease duration, UPDRS III scores, HAMA, 
HAMD, MMSE, MoCA scores and LED. PGC-1α mean methylation level did not differ between different PGC-1α 
genotypes. 
Conclusions: Taken together, our results revealed hypermethylation of PGC-1α in peripheral blood leukocytes of 
PD patients and confirmed the effect of DNA methylation of PGC-1α on its mRNA expression. These findings may 
contribute to better understanding of the mechanisms underlying the associations between PGC-1α and PD. 
References: [1] J. Eschbach, E.B. von, K. Müller, et al. Mutual exacerbation of peroxisome proliferator-activated 
receptor γ coactivator 1α deregulation and α-synuclein oligomerization, Ann Neurol. 2015 Jan;77(1):15-32 [2] 
Xiaodong Yang, Yiwei Qian, Shaoqing Xu, et al. Expression of the gene coading for PGC-1α in peripheral blood 
leukocytes and related gene variants in patients with Parkinson's disease, Parkinsonism Relat Disord, 2018 
Jun;51:30-35.2 
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1794 
NS-PARK cohort: a nationwide real life longitudinal cohort of PD patients 
H. Alfaisal, F. Durif, S. Thobois, L. Defebvre, J.P. Azulay, P. Couratier, P. Damier, D. Devos, S. Drapier, A. Doe 
DeMaindreville, S. Frismand, C. Geny, C. Giordana, J.L. Houeto, P. Krystkowiak, E. Magnin, D. Maltête, W. 
Meissner, C. Moreau, E. Moro, P. Remy, C. Thiriez, C. Tranchant, F. Viallet, M. Vidailhet, E. Dellapina, V. 
Chaigneau, C. Dongmo, F. Tubach, Y. De Rycke, O. Rascol, J.C. Corvol (Paris, France) 
Objective: To describe the Parkinson disease (PD) population followed by the 25 expert centers for PD in France. 
Background: NS-PARK is the clinical research network for PD and movement disorders including the 25 French 
expert centers. A database collecting information from all consecutive PD patients has been implemented to report 
centers activity and to facilitate recruitment of patients in clinical trials. 
Methods: Since 2016, NS-PARK has implemented a web-based solution to prospectively collect clinical 
information from all consecutive PD patients followed in the 25 expert centers in France. Clinical data are updated 
at each visit of the patient at the center. Clinical data include demographic data, diagnosis criteria, motor and non-
motor symptoms, and current antiparkinsonian treatment. Presence or absence of motor and non-motor symptoms 
are collected by movement disorders specialists through standardized evaluations like MDS-UPDRS. Descriptive 
statistics of the data are presented. Values are expressed as median [IQR]. 
Results: Between July 2016 and November 2018, 19,842 patients with a diagnosis of PD were included in the 
database, 44% of women, mean age of 70 years old, disease duration of 8 [3-14] years.  Symptoms are available for 
11,852 patients and treatment for 9,439 patients with 2 [1-4] visits per patient. The prevalence of motor and non-
motor complications at the last visit of follow-up are 48% motor fluctuations, 43% dyskinesia, 36% postural 
instability, 15% hypotension, 31% somnolence, 20% RBD, 26% depression, 26% impulse control disorders, 15% 
hallucinations, 39% pain, 32% freezing, 27% cognitive impairment. Patients are treated with levodopa (91%), 
dopamine agonists (51%), monoamine oxidase inhibitors (30%), COMT inhibitors (30%), and amantadine (13%). 
Conclusions: NS-PARK is one of the largest nationwide longitudinal cohort of PD patients. The next steps will be 
to improve data monitoring and cleaning, and to associate a biobank and a pipeline to collect brain imaging data. 

1795 
Longitudinal analysis of the relation between trajectories of dopaminergic agonists use and BMI in 
Parkinson’s disease 
F. Artaud, P.C. Lee, M. Vidailhet, J.C. Corvol, A. Elbaz (Saint-Aubin, France) 
Objective: To describe the longitudinal relation between dopaminergic agonists (DA) use and change of BMI in a 
longitudinal cohort of PD patients followed annually up to 6y. 
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Background: Although PD progression is generally accompanied by weight loss [1], little is known about 
predictors of weight change. DA represent the main risk factor of impulse control disorders (ICD) [2], including 
pathologic eating behavior which can lead to gain weight. 
Methods: We used data from a longitudinal cohort of PD patients with less than 5y disease duration at baseline 
followed annually up to 6y (DIG-PD). BMI (measured weight/height², kg/m²) was computed at each visit. Detailed 
drug data since disease onset was obtained. At each visit, symptoms of dopaminergic dysregulation, including 
pathologic eating behavior, were evaluated by movement disorders specialists (face-to-face semistructured 
interviews). Trajectories of DA dose were estimated using latent class mixed models. The association of DA use 
with change in BMI and weight gain was examined using a latent-process mixed models and time-dependent Cox 
models respectively. 
Results: Among 356 patients (40.2% women; mean age=62.0y), 86.8% took DA at least once since disease onset 
and during the follow-up. Three trajectories of DA dose were identified: low (17.2%), moderate (21.3%), high 
(61.5%). [figure1] There was no difference in baseline BMI between DA users and non-users (P=0.48), but BMI 
decreased more slowly over the follow-up among DA users than non-users (P=0.005), with a dose-response relation 
between DA dose and BMI change (P=0.02). In addition, patients in the high DA dose trajectory group lost less 
weight than patients who never used DA (P=0.02). [figure2]  When the models were adjusted for pathologic eating 
behavior, estimates decreased but remained significant. Over 6y, 125 patients gained ≥4kg. Incidence of weight gain 
was 84% higher in DA users compared to non-users (hazard ratio=1.84, 95% confidence interval=1.11, 3.04). 
Conclusions: Weight loss is associated with PD progression. However, DA use was associated with less 
pronounced weight loss and even led to some patients gaining weight. Weight gain can lead to metabolic disorders 
and is an important cause of disability and worse physical performance. These findings warrant screening for eating 
disorders and monitoring weight in PD patients who use DA. 
References: 1. Wills AM, Perez A, Wang J, Su X, Morgan J, Rajan SS, et al. Association Between Change in Body 
Mass Index, Unified Parkinson's Disease Rating Scale Scores, and Survival Among Persons With Parkinson 
Disease: Secondary Analysis of Longitudinal Data From NINDS Exploratory Trials in Parkinson Disease Long-term 
Study 1. JAMA Neurol. 2016;73(3):321-8. 2. Corvol JC, Artaud F, Cormier-Dequaire F, Rascol O, Durif F, 
Derkinderen P, et al. Longitudinal analysis of impulse control disorders in Parkinson disease. Neurology. 
2018;91(3):e189-e201. 
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1796 
Self-reported demographic, genetic, symptom, and treatment data of subjects in the Fox Trial Finder 
M. Bailey, A. Gera, Y. Liu, B. Ouyang, G. Pal (Chicago, IL, USA) 
Objective: To examine the characteristics of subjects within the Fox Trial Finder (FTF) database. 
Background: FTF is an online, patient driven database by which Parkinson’s disease (PD) and atypical 
parkinsonism (AP) patients, care partners, and self-identified controls may self-report health information in order to 
be matched for clinical research opportunities. 
Methods: De-identified participant information was obtained from FTF via The Michael J. Fox Foundation for 
Parkinson’s Research that was current as of June 05, 2018. Self-reported demographics, diagnosis, genetic status, 
motor and non-motor features, and treatment were analyzed in SPSS. 
Results: The sample included 52,201 volunteers with a diagnosis of PD, 19,762 controls, 823 volunteers with AP 
and 299 caregivers. A family history of PD was reported by 93.14% of controls. PD registrants were primarily white 
(92.13%) and male (61.99%). The most prevalent motor symptom in the PD group was slowness (19.08%) and the 
most prevalent non-motor symptom was sleep disturbance (15.97%). AP were significantly more likely than PD 
registrants to report current or prior non-motor symptoms (p < .0001). “Wearing off” was the most common 
medication-induced side effect reported by PD (25.12%) volunteers, and approximately 24% of PD subjects 
reported at least 2 medication-induced side effects. Over 80% of registrants reported that they had not had surgical 
treatment for PD. Over 40% of PD volunteers have never been tested for genetic markers of PD, and less than 1% of 
subjects self-identify as having a genetic marker of PD. 
Conclusions: FTF is a large database of participants interested in clinical research for PD and related disorders. 
Volunteers in FTF are overwhelmingly white, which is consistent with the majority of PD clinical research, and 
therefore multiple recruitment channels should be used in addition to FTF to enroll target cohorts in order to capture 
minorities and older age subjects. In PD subjects, complications of treatment were common and surgical treatment 
was underutilized. A large number of PD subjects have never had genetic testing and less than 1% self-report their 
genetic status. Lastly, over 90% of control subjects report a family history of PD. These individuals may be at 
increased risk for PD and therefore warrant careful consideration prior to enrollment in clinical trials. 

1797 
Advanced Stage of Parkinson's Disease: From Identification to Characterization and Disease Burden 
Assessment Using a Nationwide Database 
Y. Barer, T. Gurevich, G. Chodick, N. Giladi, R. Gross, R. Cohen, L. Bergmann, Y. Jalundhwala, V. Shalev, A. 
Thaler (Tel Aviv-Yafo, Israel) 
Objective: To identify and describe PD patients who were prescribed intensified therapy and compare their burden 
of disease with mild-moderate PD patients. 
Background: Real-world data on the burden and outcome of advanced stage Parkinson's disease (APD) patients is 
scarce. Intensified PD therapy has been suggested as an indicator for suspected APD patients. This is a potential 
proxy for APD that can be located in databases. 
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Methods: This retrospective cohort study used a national major HMO supplier (Maccabi) electronic database. PD 
patients between January 1st 2000 and June 1st 2018 were identified. Patients prescribed levodopa 5 or more times a 
day or receiving total Levodopa Equivalent Daily Dose (LEDD) 1000mg/day or more were defined as having 
intensified PD therapy.  Other PD patients on any anti-parkinsonian medication were identified as having mild-
moderate therapy. Burden of disease was assessed using number of pre-defined clinical events reflected in health 
care resources utilization in the first year post index date and by time to event (mortality, disability, hospitalization 
and device aided therapy [DAT]). 
Results: 3402 mild-moderate PD patients and 2037 intensified PD patients were detected. Intensified therapy 
patients were more likely to be diagnosed with PD at an earlier age (mean age: 68y vs. 72y, in the intensified and 
mild-moderate populations, respectively); the median time from diagnosis to receiving intensified therapy was 3.5y. 
Adjusted for age, sex and index year, intensified therapy PD patients had significantly higher health care resources 
utilization rate (including hospitalization days and visits to movement disorder clinic, geriatric, physiotherapist, 
speech therapist and occupational therapist) as compared to mild-moderate PD patients (p<0.05 for all of the above). 
Intensified patients also had a significant higher hazard ratio for mortality as well as for first hospitalization, 
disability and documented expert referral to DAT [Figure 1]. 
Conclusions: Intensified therapy PD population have higher burden of disease according to utilization of healthcare 
resources. This may warrant the use of this medication proxy in a database cohort in order to identify patients who 
might benefit from treatment optimization. 
References: 1. Chapuis S. Impact of the motor complications of Parkinson's disease on the quality of life. Mov 
Disord.2005.20: 224-230. 2. Fabbrini G. Levodopa induced dyskinesias. Mov Disord 2007;22:1379-89. 3. 
Chaudhuri KR. The metric properties of a novel non-motor symptoms scale for Parkinson's disease: results from an 
international pilot study. Mov Disord 2007;22:1901-11. 4. Antonini A, et al. Global long-term study on motor and 
non-motor symptoms and safety of levodopa-carbidopa intestinal gel in routine care of advanced Parkinson's disease 
patients 12-month interim outcomes. Movement Disorders. 2015;30 Suppl 1:2072 5. Odin P, et al. Collective 
physician perspectives on non-oral medication approaches for the management of clinically relevant unresolved 
issues in Parkinson's disease Consensus from an international survey and discussion program Parkinsonism & 
related disorders. 2015;21, no. 10:1133-1144. 6. Antonini A. Implementing a Delphi Panel to Improve 
Understanding of Patient Characteristics of Advanced Parkinson’s Disease. Poster presented at: 19th International 
Congress of Parkinson’s disease and Movement Disorders; June 14–18, 2015; San Diego, CA, USA 
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1798 
Movement disorders in neurologic consultation of Marrakesh University Hospital 
L. BERRHOUTE, J. EL MESBAHY, N. KISSANI (Marrakesh, Morocco) 
Objective: Describing the epidemiological and clinical aspects of the movement’s disorders in Marrakesh. 
Analyzing difficulties of management of this disease. 
Comparing our data with international reports. 
Background: Neurology Department of Marrakesh University Hospital. 
Methods: It is a retrospective study .We reviewed the records of patients with movement disorders admitted during 
the period of January 2003 through December 2018 at the neurology Department of Marrakesh University Hospital. 
Results: We studied 451 patients ,59% were male, the mean age was 52 years. Among studied cases, we have 261 
from rural regions, against 190 issued from urban regions. 
We have also noted that the mean delay of consultation in our study was about 46 months. Parkinson disease, 
essential tremor, primary dystonia and sydenham chorea are the main observed etiologies of our study 
Conclusions: Movement disorders seem to be frequent in Marrakech, so we emphasize the need to develop 
neurosurgical treatment with deep cerebral stimulation . 

1799 
Establishing the first apomorphine treatment registry in Thailand: prospective data collection to inform 
optimal care of Parkinson’s disease patients 
R. Bhidayasiri, O. Phokaewvarangkul, K. Boonpang, T. Boonmongkol, Y. Thongchuam, N. Kantachadvanich, J. 
Sringean, P. Panyakaew, P. Jagota (Bangkok, Thailand) 
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Objective: To establish a registry of PD patients in Thailand treated with subcutaneous apomorphine (APO) 
injection or infusion to allow prospective data collection from the start of therapy and subsequent evaluation of 
treatment efficacy, patient outcomes, and cost-effectiveness. Here we report data for the first 40 patients undergoing 
APO infusion treatment. 
Background: Subcutaneous APO is a well-established and effective PD therapy. APO infusion became available in 
Thailand in 2013 and APO injection in 2017. The registry was launched at the initiation of APO therapy in Thailand 
in 2015. 
Methods: All patients treated with APO infusion at the Chulalongkorn Centre of Excellence for Parkinson’s Disease 
and Related Disorders, the only dedicated centre for PD in Thailand, are enrolled in the registry and followed-up at 
regular clinic visits. The multidisciplinary team involved in patient care collect and upload data to the registry for 
treatment monitoring and analysis using electronic datasheets. 
Results: To date, 40 patients (37 PD; 3 multiple system atrophy [MSA]; Table 1) have undergone APO infusion 
treatment (1 undergoing initiation at the time of the analysis). Following initiation, PD patients were discharged on a 
mean (± SD) dose of 5.95 ± 1.17 mg/hour. The mean (± SD) follow-up period is 466.81 ± 492.61 days. PD patients 
(n=36) show significant improvements in UPDRS score, daily OFF time and dyskinesia, and reductions in 
levodopa-equivalent dose and number of daily intakes of oral PD medication versus pre-treatment values (Table 2). 
Around 50% of PD patients have discontinued therapy during the follow-up period. Further outcomes data, 
including nocturnal parameters, gait parameters and bradykinesia index, have been collected and are currently being 
analysed. MSA patients showed no significant benefits of treatment and all ceased therapy (Table 3). 
Conclusions: The Thai apomorphine treatment registry will allow standardised, prospective collection of patient 
data and continuous follow-up from the time of initiation. Analysis of data from this comprehensive database will 
have benefits for patient care, inform healthcare policy and provision, and provide a resource for future research. 
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1800 
Clinical profile of idiopathic Parkinson's disease in patients admitted to Mohamed VI University Hospital 
center of Marrakech 
A. BOUDANGA, N. Jalami, M. chraa, N. kissani (Marrakech, Morocco) 
Objective: Prevalence studies in different parts of the world have shown that Parkinson's disease is a pathology that 
has a very important impact in older populations. It is ranked second among the neurodegenerative diseases of the 
elderly after Alzheimer's disease. According to WHO estimates of gross prevalence range from 18 per 100,000 
people in a population survey in Shanghai, China, to 328 per 100,000 in a door-to-door survey of the Parsi 
community in Mumbai in India. In Morocco, there is very little published study on the evolutionary profile of 
patients as well as epidemiological data on Parkinson's disease. 
Background: The objective of our study is to provide an overview of the epidemiological, clinical and management 
characteristics of idiopathic Parkinson's disease at the Mohamed VI hospital and university center in Marrakech. 
Methods: Our study is a cross-sectional, prospective study performed on a series of 100 patients. 
Results: The average age of our patients is 62.06 ± 1.065 years. The average age of onset of the disease is 56.195 ± 
1.195 years, with men being more affected than women. The side hit first in the majority of cases is the left side. 
The most abundant form is the akineto-rigid form of the disease with about 73% of our patients suffering from this 
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form of the disease. The most frequent pre-motor syndromes in our series are constipation (36% of cases), hyposmia 
(24% of cases) and paradoxical sleep disorders (21% of cases). The most common signs are stiffness, tremors (94% 
of cases), slowness of speech and walking (95% of cases), and disturbances of balance (30% of cases). Most patients 
in our series are on L-Dopa combined with a dopamine agonist. We found that treatment with L-dopa alone is 
associated with more motor-related and non-motor complications. The most observed motor complications are 
fluctuations (54.5%);dyskinesias (23%) and freezing (13%). Women are the most affected. 
Conclusions: Compare with literature data, our patients are young. In the majority of cases, L-dopa was introduced 
in the first few years after the onset of the disease, exposing patients to dyskinesia early in the disease. 

1801 
Association of active and passive smoking with Parkinson’s disease in women: the E3N cohort study 
M. Canonico, F. Artaud, D. Cerasuolo, I. Degaey, P. Gerbouin-Rerolle, A. Kowal, E. Roze, G. Severi, M.C. 
Boutron-Ruault, A. Elbaz (Villejuif, France) 
Objective: To investigate the association of active and passive smoking with Parkinson’s disease (PD) incidence in 
women over 25y of follow-up. 
Background: PD is the second more frequent neurodegenerative disease after Alzheimer’s disease. Its incidence is 
relatively low and it is 1.5 times more frequent in men than women; therefore, few cohort studies with a long 
follow-up have examined the association between active and passive smoking with PD incidence in women. 
Methods: E3N is an ongoing cohort study of 98,995 French women aged 25-40y in 1990, affiliated with a health 
insurance plan that primarily covers teachers. They have been followed every 2-3y since (9 waves of data collection) 
by self-administered questionnaires on lifestyle and medical history [1]. In addition, women are passively followed 
through drug claim databases since 2004 and death certificates are available for women who died. Active 
(never/ex/current; number of years of smoking and number of cigarettes/day) and passive smoking (yes/no; during 
childhood or adulthood) were self-reported at baseline and 2y after (1992) respectively. Incident PD cases were 
identified until 2014 based on self-report and drug use. Diagnoses were validated based on medical records; when 
not available, we used a validated algorithm based on drug claim databases to define PD cases [2]. Hazard ratios 
(HR) and 95% confidence intervals (CI) were estimated by Cox proportional hazards models with age as the time 
scale. 
Results: Between 1990-2014, we identified 929 incident PD cases (816 after 1992). At baseline, 64% of the women 
were never smokers, 31% past smokers, and 15% current smokers. Compared to never smokers, current smokers 
had a decreased risk of PD (HR=0.80; 95%CI=0.64-0.99), with significant dose-effect relations for duration 
(p=0.02), intensity (p<0.01), and pack-years (p<0.01) of smoking [figure1]. After exclusion of cases occurring 
during the first 20y of follow-up, HRs remained unchanged (345 cases; HR=0.83 [0.58-1.18]). There was no 
significant association for ex- (HR=0.94 [0.81-1.09]) and passive smoking (childhood, 70.9%, HR=1.06 [0.91-1.24]; 
adulthood, 55.6%, HR=1.02 [0.89-1.18]). 
Conclusions: We confirm an inverse association between current active smoking and PD in women, even when 
smoking was assessed 20y before PD onset. Our results are not in favor of an association of passive smoking with 
PD. 
References: 1. Clavel-Chapelon F, Group ENS. Cohort Profile: The French E3N Cohort Study. Int J Epidemiol. 
2015;44(3):801-9. 2. Moisan F, Gourlet V, Mazurie JL, Dupupet JL, Houssinot J, Goldberg M, et al. Prediction 
model of Parkinson's disease based on antiparkinsonian drug claims. Am J Epidemiol. 2011;174(3):354-63. 
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1802 
Can Safinamide Help to Stabilize Dopaminergic Treatment in Parkinson's Disease? 
A. Cots Foraster, B. Solano Vila, M. Montserrat Roses (Girona, Spain) 
Objective: After more than two years of clinical experience with safinamide  we want to retrospectively review its 
utility as a levodopa saver in our Parkinson's disease (PD) patients that have been treated for more than one year. 
Furthermore we want to assess other clinical characteristics, including washout period and initial dose, as they are 
some of the points reflected in the Spanish consensus last year. 
Background: Dopaminergic treatment for PD is based on levodopa, MAO-B inhibitors (MAOBI), dopaminergic 
agonists, COMT inhibitors (COMTI) and anticholinergics. The combination of these drugs allows to optimize 
disease symptoms in the different stages of PD.(1) Safinamide is one of the newer drugs for PD treatment. It’s a 
MAOBI and glutamate modulator indicated to mid to severe stages of the disease, to treat severe fluctuations and 
dyskinesia. Besides, neurologists in Spain with an expertise on movement disorders have reached a consensus on the 
use of Safinamide: mild to moderate fluctuations, non-motor symptoms, and improving global aspects of PD. They 
also agreed that no washout period between leaving a MAOBI drug and beginning safinamide is safe, as it is starting 
directly with 100mg a day.(2) 
Methods: We have collected clinical and demographic data of our patients retrospectively, including only those on 
safinamide treatment for more than 12 months. We have used calculated total levodopa dose equivalentcy based on 
previously described conversion factors, and compared total levodopa dose equivalency at the moment of 
prescribing safinamide and at 12 months of follow –up, independent of the total follow up of each patient.  We have 
also collected Hoehn &Yahr stage, previos MAOBI treatment, washout period from MAOBI to safinamide and 
starting dose.(3) 
Results: We have collected data of a total of 55 patients with the characteristics described above. Look at the table 
[table 1] to see the results. Four patients have given up safinamide after more than one year because of DBS 
implementation on three of them, and because of hallucinations in one of them. 
Conclusions: Half of the patients on Safinamide treatment showed stability or decrease in total levodopa dose 
equivalency, and the global increment of total levodopa dose equivalent after one year is low (42,6mg/day).Change 
of MAOBI to safinamide overnight, and beginning of safinamide with 100mg is safe. Further analysis comparing to 
non taking Safinamide patients would be required. 
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References: 1. Connolly BS, Lang AE. Pharmacological Treatment of Parkinson Disease. 2015;311(16):1670–83. 
2. Valldeoriola F, Grandas F, Arbelo JM, Blazquez Estrada M, M. C garriga, V.M C-A. Consenso de expertos espa˜ 
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disease. Mov Disord. 2010;25(15):2649–53. 

 

1803 
Parkinson Disease genes, cognitive performance and gait 
S. Darweesh, H. Adams, J. VanDerGeest, M. Ikram, M. Ikram (Rotterdam, Netherlands) 
Objective: First, to assess whether genetic variants implicated in clinical Parkinson Disease (PD) are associated 
with worse cognition and gait in individuals without clinical PD. Second, to assess whether genetic associations with 
cognitive performance vary by gait, and whether genetic associations with gait vary by cognitive performance. 
Background: Subtle cognitive deficits and gait dysfunction are common prodromal signs of Parkinson Disease 
(PD), and their combined presence conveys a much higher risk of clinical PD than either feature in isolation. We 
hypothesized that genetic variants implicated in clinical PD are associated with worse cognition and gait in 
individuals without clinical PD. We also hypothesized that genetic associations with cognitive performance would 
be more distinct in individuals with below-average gait, and vice versa. 
Methods: Between 2008 and 2014, we assessed genetic variants, cognitive performance and gait in 4,987 
participants of the population-based Rotterdam Study who were free of parkinsonism and dementia (median age 68 
years, 57% women). We constructed a weighted genetic risk score for PD based on 39 single nucleotide 
polymorphisms that were previously identified in genome-wide association studies. We used four cognitive tests 
(Stroop, letter-digit substitution, semantic fluency, word learning) to assess cognitive performance, and calculated a 
Global Cognition score. We used an electronic walkway (GAITRite™) to assess gait and derived seven independent 
gait domains (Base of Support, Pace, Phases, Rhythm, Tandem, Turning, Variability) using principal component 
analysis as well as a Global Gait score. 
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Results: Higher genetic risk was associated with worse Global Cognition (age- and sex-adjusted standardized 
β=0.03; p=0.01). Interestingly, the association was only present in individuals with below-average gait (p for 
interaction term with Global Gait=0.01). Higher genetic risk was not significantly associated with worse Global Gait 
overall (β=0.03; p=0.11), but the association was significant in individuals with below-average cognition (p for 
interaction term with Global Cognition<0.01). 
Conclusions: We have uncovered associations of genetic variants implicated in clinical PD with cognitive 
performance and gait in clinically unaffected individuals. 
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1804 
Life expectancy with and without Parkinson’s disease in the general population 
L. Dommershuijsen, A. Ikram, K. Ikram (Rotterdam, Netherlands) 
Objective: To determine (1) the burden of Parkinson’s disease (PD) in the general population and (2) the life 
expectancy after the diagnosis of PD. 
Background: Detailed estimates of the prevalence and incidence of PD have been reported in the literature. 
However, data on life years lived with and without PD are still limited. Life expectancy estimates are important both 
for healthcare policy making and for care planning of individual patients. 
Methods: We conducted this study as part of the Rotterdam Study, an ongoing, population-based cohort study in the 
Netherlands. We included 12,400 participants of 50 years and older, free of PD. We constructed multistate life tables 
with three states, and transitions were possible from no PD to PD, no PD to death and PD to death. For each 
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transition we calculated age- and sex-specific rates with Poisson regression using the Gompertz distribution to 
estimate the remaining life expectancy per year of age. From these rates we calculated (1) the proportion of the 
remaining life expectancy lived with PD among the general population, and (2) the remaining life expectancy among 
those with incident PD. 
Results: The mean age of our study population was 64.6 (SD 9.5) years and 57.4% were women. During follow-up, 
141 participants (52.5% men) developed PD. The mean age of PD diagnosis was 76.7 (SD 7.9) years. Figure 1 
shows the remaining life expectancy per year of age from 50 to 99 years in the general population. The average 
proportion of the remaining life expectancy lived with PD in the general population ranged from 0.9% at 50 years to 
4.9% at 99 years in men, and from 0.6% at 50 years to 3.5% at 99 years in women. The life expectancy for men of 
50 years old with PD was 19.5 years, which was significantly lower than the life expectancy of 31.5 years for 50 
year old men without PD. The corresponding life expectancy estimates for women of 50 years old were 25.9 years in 
women with PD, compared to 35.4 years in women without PD. Figure 2 shows the remaining life expectancy of 
men and women with PD compared to men and women without PD from 50 to 99 years of age. 
Conclusions: Among the general population, the proportion of the life expectancy lived with PD is small. 
Nevertheless, among PD patients, a large negative impact of the disease can be found on the remaining life 
expectancy. 
 
[Figure 1] 
[Figure 2] 
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1805 
Spatial distribution of Parkinson’s disease in the Canton of Geneva, Switzerland 
V. Fleury, R. Himsl, S. Joost, N. Nicastro, I. Guessous, P. Burkhard (Geneva, Switzerland) 
Objective: The objective of the study was to determine whether PD prevalence exhibit any spatial dependence in 
order to get hypothesis on PD risk or protective factors. 
Background: The cause of PD is unknown. Studying its spatial distribution could provide indication on its 
pathogenesis. 
Methods: An extensive case-finding approach was used to find PD cases in the Canton of Geneva. Controls were 
derived from a sample of geolocated individuals sourced from an ongoing cross-sectional population-based study 
used to control for the variable population density across the canton, and from a comprehensive population census 
dataset used to adjust for demographic and socio-economic confounders. All individuals were geolocalized. Age, 
gender, ethnicity and socioeconomical status were chosen as confounding variables. A logistic mixed-effect model 
with a random intercept was fit to the populational dataset in order to control for confounding variables. Unit-level 
statistics were transformed into individual-level data. Getis-Ord Gi* statistics were computed to identify hotspots 
and coldspots of disease prevalence. Hot- and cold-spots were compared to maps illustrating the spatial distributions 
of pesticide-associated landcovers, atmospheric pollution and water supply. The results were compared with those 
obtained with the more commonly used aggregation method. 
Results: A total of 1,115 patients were compared with 12,614 geolocated controls and were adjusted for 
confounders with 474,211 individuals from the census dataset. Individual-level method revealed 5 PD hotspots and 
8 PD coldspots. Coldspots were preferentially located in the peripheries of the Canton apart from one centrally 
located. Hotspots were concentrated into three major clusters near the lake. After adjustment for confounders, 
clusters shrank drastically but persisted, implying that some external, spatially-dependent factor may impact disease 
risk. Hotspots did not match with high pesticide exposure, high atmospheric pollution levels and source of water 
supply. PD spatial distribution obtained with the individual-method was surprisingly different than the one obtained 
with the aggregation method. 
Conclusions: Our study points out a spatial dependence of PD with clusters of high and low prevalence in the 
canton of Geneva. The clusters did not conform to the dichotomous rural or urban dominance that is sometimes 
reported in the literature. 
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1806 
Use of ß2-adrenoreceptor agonist and antagonist drugs and risk of Parkinson’s disease 
F. hopfner, M. Wod, G. Höglinger, M. Blaabjerg, T. Roesler, G. Kuhlenbäumer, K. Christensen, G. Deuschl, A. 
Pottegård (Kiel, Germany) 
Objective: Verification of the previously reported association between chronic use of β2-adrenoreceptor (β2AR) 
agonist and antagonist with reduced and increased risk of Parkinson’s disease (PD), respectively. 
Background: Based on the Norwegian national health registries, use of β2-adrenoreceptor agonists was associated 
with a reduced risk of Parkinson’s disease (PD), while β2-adrenoreceptor antagonist use was associated with an 
increased PD risk. PD risk modifying properties of such widely used drugs would have profound public health 
implications. 
Methods: We obtained odds ratio associating time of b2AR agonist and antagonist use with PD risk in nationwide 
Danish health registries. 
Results: 2,790 PD patients and 11,160 controls were included. Long-term β2AR agonist use was associated with 
reduced PD risk (OR 0.57; 95% CI 0.40-0.82) also in this cohort. Unexpectedly, short-term β2AR agonist use was 
equally associated (OR 0.64; 95% CI 0.42-0.98). Since β2AR agonists are mostly prescribed for chronic obstructive 
pulmonary disease (COPD), often caused by chronic nicotine abuse, we analyzed other markers of smoking. 
Diagnosis of COPD (OR 0.51; 95% CI 0.37-0.69), use of inhaled corticosteroids (OR 0.78; 95% CI 0.59-1.02) or 
inhaled anticholinergics (OR0.41; 95% CI 0.25-0.67) were also inversely associated with PD. Increased PD risk was 
not found for all β2AR antagonists, but only for propranolol and metoprolol. Associations were markedly stronger 
for short-term than long-term use. 
Conclusions: We confirmed β2AR agonist use to be associated with reduced PD risk and β2AR antagonist use with 
increased PD risk. However, our data indicate the association of β2AR agonists to be indirectly mediated by 
smoking, which is repeatedly associated with reduced risk of PD. The association of β2AR antagonists indicates 
reverse causation, with PD symptoms triggering their prescription, rather than β2AR antagonists causing PD. Thus, 
current epidemiological data does not support a causal link between b2AR agonists and antagonists and PD risk. 
References: 1. Gronich N, Abernethy DR, Auriel E, Lavi I, Rennert G, Saliba W. beta2-adrenoceptor agonists and 
antagonists and risk of Parkinson's disease. Mov Disord 2018;33:1465-1471. 2. Schmidt M, Schmidt SA, 
Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen HT. The Danish National Patient Registry: a review of content, 
data quality, and research potential. Clin Epidemiol 2015;7:449-490. 3. Pottegard A, Schmidt SAJ, Wallach-
Kildemoes H, Sorensen HT, Hallas J, Schmidt M. Data Resource Profile: The Danish National Prescription 
Registry. Int J Epidemiol 2017;46:798-798f. 4. Pedersen CB. The Danish Civil Registration System. Scand J Public 
Health 2011;39:22-25. 5. Sortso C, Thygesen LC, Bronnum-Hansen H. Database on Danish population-based 
registers for public health and welfare research. Scand J Public Health 2011;39:17-19. 6. Kildemoes HW, Sorensen 
HT, Hallas J. The Danish National Prescription Registry. Scand J Public Health 2011;39:38-41. 7. Rothman KJ, 
Greenland S, Lash TL. Modern epidemiology, 3rd ed. ed. Philadelphia, Pa. ; London: Lippincott Williams & 
Wilkins, 2008. 8. Stovring H, Pottegard A, Hallas J. Determining prescription durations based on the parametric 
waiting time distribution. Pharmacoepidemiol Drug Saf 2016;25:1451-1459. 9. Stovring H, Pottegard A, Hallas J. 
Refining estimates of prescription durations by using observed covariates in pharmacoepidemiological databases: an 
application of the reverse waiting time distribution. Pharmacoepidemiol Drug Saf 2017;26:900-908. 10. Charlson 
ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal 
studies: development and validation. J Chronic Dis 1987;40:373-383. 11. Rabe KF, Watz H. Chronic obstructive 
pulmonary disease. Lancet 2017;389:1931-1940. 12. Ritz B, Ascherio A, Checkoway H, et al. Pooled analysis of 
tobacco use and risk of Parkinson disease. Arch Neurol 2007;64:990-997. 13. Ascherio A, Schwarzschild MA. The 
epidemiology of Parkinson's disease: risk factors and prevention. Lancet Neurol 2016;15:1257-1272. 14. Decramer 
M, Janssens W, Miravitlles M. Chronic obstructive pulmonary disease. Lancet 2012;379:1341-1351. 15. Rascol O. 
"Disease-modification" trials in Parkinson disease: target populations, endpoints and study design. Neurology 
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1807 
Frequency and pattern of movement disorders in a Neurologic clinic in North Central Nigeria: a 3- year 
review 
E. Iwuozo, R. Obiako (Makurdi, Nigeria) 
Objective: This study evaluated the frequency and pattern of movement disorders in a neurology clinic in a tertiary 
hospital in North Central Nigeria over a 3-year period. 
Background: Movement disorders are neurological disorders found worldwide with varying forms. They are 
generally thought to be uncommon in Sub-Saharan Africa (SSA) because of the relatively large young population in 
SSA. There is paucity of data about the disease in Sub- Saharan Africa including Nigeria. 
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Methods: The records of all patients attending Neurology Clinic in Federal Medical Centre, Makurdi North Central 
Nigeria were reviewed retrospectively from March 2016 to February 2019, and diagnoses as made by the 
Neurologist were obtained. Data was analyzed using the statistical package for social sciences (SPSS) software 
(version 20; SPSS, Chicago, IL, USA). 
Results: Four hundred patients with neurological diseases were seen over the time period out of which 49 of them 
had diagnosis of movement disorders made; with a frequency of 12.25%. The mean age of patients with movement 
disorders was 55 (SD = 13.49) years, with a range of 25-76 years; 35 (71.4%) were males and 14 (28.6%) were 
females. Twenty eight (57.2%) had Parkinsonism, 6 (12.2%) had dystonia, 6 (12.2%) had essential tremors, 4 
(8.2%) had Tics, 3 (6.1%) had chorea and 2 (4.2%) had myoclonus. 
Conclusions: Parkinsonism is the most common movement disorder seen in our neurology clinic. The high 
frequency of movement disorders found indicates a need for training of movement disorder specialist in Nigeria and 
provision of basic drugs for managing affected patients. 
References: Rufus .O. Akinyemi. Epidemiology of Parkinsonism and Parkinson's disease in Sub-Saharan Africa: 
Nigerian profile. J Neurosci Rural Pract. 2012 Sep-Dec; 3(3): 233–234. doi: 10.4103/0976-3147.102586. 

1808 
Frequency of Cardiovascular Abnormalities in Mexican Patients with Early Parkinson´s Disease 
J.A. Juárez, M. Violante, A. Arriaga, A. González, A. Salas, L. Vidal, R. Vicioso, C. Roa, I. López, M. Soto (Mexico, 
Mexico) 
Objective: To determine frequency of cardiovascular abnormalities and autonomic dysfunction in the early course 
of Parkinson's disease 
Background: Parkinson´s disease (PD) is a neurodegenerative disease characterized by motor and non-motor 
complications. Among the latter, abnormalities of the autonomic nervous system such as orthostatic hypotension 
(OH) prevail. Other autonomic abnormalities (AA) such as nocturnal hypertension (NH) and the loss of nocturnal 
blood pressure dipping (LNBPD) have been associated to cardiovascular abnormalities (CA) and mortality. The 
most common CA are left ventricular hypertrophy (LVH), cardiac ischemia, heart failure and arrhythmias. 
Methods: Cohort, cross-sectional, analytic, quantitative study. 31 patients with PD diagnosed in the previous 5 
years and managed in our institution, will be included. A baseline questionnaire, MDSUPDRS, Höehn and Yahr 
scores will be obtained. Blood pressure (BP) measurements to determine OH. CA will be determined by 
echocardiography (Echo) to document LVH, BP will be monitored by MAPA to establish NH or LNBPD, 
Dependent (CA) and independent (AA) variables will be analyzed to determine possible associations. Logistic 
regression multivariable analysis will be performed to evaluate the role of AA in the variability and magnitude of 
CA. 
Results: 31 patients have been included at the moment, most are male with an average age of 63±10, a 4±1.3 year 
course of PD and an average MDS-UPDRS III (on state) 25±14.6, Hoën and Yahr 2.0 and Minimental score 
26±1.09; symptoms associated to orthostatism were, by frequency, headache and instability when upright. 32.3% 
patients have been asymptomatic OH; dyspnea was the most frequent cardiovascular symptom followed fatigue. 
And by Echo, 32.5% of the patients with OH obtained increased ventricular functionality in relation to early 
diastolic dysfunction. 2 patients had cardiac arrhythmia (1 bigeminism and 1 extrasystole), 8 patients had LVH and 
3 had apical hypokinesia without OH (p=.66). MAPA showed LNBPD in 20 patients (62.5%), 41.9% HN with 
alteration of the minimum systolic and maximum diastolic pressure (p=.09). 
Conclusions: So far the patients included in the study have various autonomic and cardiovascular alterations, which 
are important because they can increase the morbidity and mortality and especially quality of life of patients from 
the onset of the disease. 
References: Goldstein DS. Orthostatic hypotension as an early finding in Parkinson disease. Clin Auton Res 
2006;16:46–64 2.- Goldstein DS, Holmes C, Li ST, Bruce S, Metman LV, Cannon III RO. Cardiac sympathetic 
denervation in Parkinson disease. Ann Intern Med Sep 5 2000;133 (5):338–47. 
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1809 
Clostridium Difficile Infection and Risk of Parkinson’s Disease: A Swedish Population-Based Cohort Study 
X. Kang, A. Ploner, J. Ludvigsson, D. Williams, N. Pedersen, K. Wirdefeldt (Solna, Sweden) 
Objective: To examine whether individuals with a history of Clostridium difficile (C. diff) infection have an 
elevated risk of developing Parkinson’s disease (PD). 
Background: The gastrointestinal system has been postulated to mediate the pathophysiology of PD. C. diff 
infection (CDI) is a leading cause of infectious diarrhea and disproportionally affects older people. Nonetheless, 
whether CDI is associated with PD risk is unknown. 
Methods: Adult participants (age >= 35) in the Swedish Population and Housing Census 1990 (FoB90) were 
followed up from 1997 to 2013 for diagnosis of CDI and incident PD, using the Swedish National Patient Register. 
Hazard ratios (HRs) and 95% confidence intervals (CIs) comparing CDI-exposed and non-exposed individuals were 
estimated with Cox proportional hazards model, adjusting for attained age, time since infection, gender, birth 
country, education attainment and comorbidities. Stratified analyses were performed to assess whether the 
association differed by the source of infection diagnosis (inpatient vs outpatient), presence of recurrent infection(s), 
and history of pre-infection use of antibiotics. 
Results: The study cohort consisted of N=4,873,154 Swedish residents, of whom 0.75% were exposed to C. diff. In 
total, 165 and 47,035 incident PD cases were identified amongst the CDI and non-CDI groups during a mean 
follow-up of 5.36 person-years (PYs) and 15.29 PYs, respectively. In the adjusted Cox model, PD risk was higher 
among exposed than non-exposed individuals within the first two years since exposure to CDI [HR (95% CI): 1.31 
(1.08, 1.59)]. This association attenuated over time and became inverse 8-10 years after infection. The short-term 
increased PD risk was observed in all CDI subgroups; whereas the long-term inverse relationship between CDI and 
PD risk was only observed among individuals who were hospitalized at CDI diagnosis, those who had no recurrent 
infections, and those who did not use antibiotics within 6 months prior to a CDI. 
Conclusions: Our findings imply a positive association between CDI and PD risk at early stages after infection, 
which may be due to the surveillance bias. In long-term follow-up, individuals exposed to CDI may be at lower risk 
of PD. 

1810 
Use of e-PROMs in Parkinson's disease clinics: A qualitative study of healthcare professionals perceptions 
A. Khardali, L. Hughes, E. Lane (Cardiff, United Kingdom) 
Objective: To explore the views of PD healthcare professionals on the use of e-PROMs. 
Background: Assessment of motor AND non-motor symptoms are critical to the effective management of PD. 
Paper versions of PROMs have been used to assess patients, but have limited clinical use over longitudinal clinical 
care. Technology offers an efficient way to collect PROMs in hospitals. Involving clinicians in the development and 
implementation of e-PROMs could play a vital role in the successful application of such interventions. 
Methods: We conducted a mixed methods study in two phases with PD healthcare professionals. In phase I, PD 
nurse specialists (PDNS) from the UK completed an 18-point survey and the data were analysed using descriptive 
statistics. The data was used to design and focus phase II in which semi-structured interviews were undertaken. 
Interviews were audio-recorded, transcribed verbatim, and analysed using the Consolidated Framework for 
Implementation Research. 
Results: 65 participants completed the Phase I survey, of whom 76.9% had used some form of PROMs in practice, 
although only 50.8% used them routinely. PROMS were utilised to varying degrees ranging from MDS-UPDRS at 
23.5% to SCOPA-AUT at 1.2%. Respondents believed that e-PROMs would enhance data collection by facilitating 
its process (70.8%) and improving diagnostic and patient outcomes (52.3%). Although 76.9% of respondents were 
interested in using e-PROMs, 20.0% found using them time-consuming, and 7.7% thought it would make data 
collection process harder. Further concerns were additional workload (64.3%), impacting clinic workflow (53.6), 
and the availability of an electronic health record to link e-PROMs data to clinical notes and decision making 
(50.0%). 58.5% of respondents thought that e-PROMs would have an impact on communication between patients 
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and clinicians. Phase II results still under analysis have identified additional benefits and challenges and potential 
avenues to address them. 
Conclusions: Overall, perceptions relating to the future use of e-PROMs to support patient care were 
overwhelmingly positive. In fact, the potential benefits of the PROMs use in practice seemed to outweigh any minor 
concerns, however the use of PROMs is still remarkably low. Further work is ongoing to determine how PROM use 
could be facilitated for improved patient care. 

1811 
Long-term Yearly Trends of Feeding Tube Placement in Neurodegenerative Disorders 
D. Kim, R. Jones, A. D'Abreu, J. Friedman, U. Akbar (Providence, RI, USA) 
Objective: We sought to determine the incidence of feeding tube (FT) placement in Alzheimer's disease (AD), 
Parkinson's disease (PD), or amyotrophic lateral sclerosis(ALS) population, describe yearly trends from 1990 to 
2009, and analyze its association with length of stay and discharge destination. 
Background: Aspiration pneumonia is a leading cause of death in PD. Although FT has its proven value in ALS, 
the evidence does not support its use in AD, and is insufficient in PD. Furthermore, evidence shows that FT does not 
prevent aspiration with patients with dysphagia. 
Methods: Secondary analysis of a national database from 1990 to 2010 was conducted using International 
Classification of Diseases, 9th revision, Clinical Modification codes for PD, AD, and ALS, and procedure codes for 
PEG. Descriptive analysis was performed for all years using binomial regression model to determine the trend of 
PEG placement over the 21 years. The median length of stay and discharge destinations were compared. 
Results: FT placement was, on average, 3.5% lower per year (P < .001) in PD, 6.7% lower per year (P < .001) in 
AD, and 0.3% lower per year (P = .007) in ALS. The median length of stay increased 3 to 6 days in all patients with 
FT placement. Odds of being discharged to a long-term or short-term facility more than doubled with FT (OR 2.7, 
95% CI 2.6-2.7 in AD, and OR 4.8, CI 4.6-4.9 in PD). But it halved in ALS patients (OR 0.5, CI0.4-0.5). 
Conclusions: Our results show that the rate of FT placement in ALS was unchanged, while the rates among PD and 
AD patients have declined. However, thousands of PD and AD patients still undergo FT placement each year despite 
limited evidence to support its use. Further research is necessary to understand the effects of FT on outcome, 
physician practices and patient expectations in advanced PD. 

1812 
Inflammatory Conditions in Parkinson’s Disease 
B. Krishnamachari, S. Shermon, M. Goldfinger, A. Leder, B. Harper, J. Donoghue (Old Westbury, NY, USA) 
Objective: The goal was to conduct a case-control study to assess associations between Parkinson disease (PD) and 
inflammatory conditions including allergies, asthma, eczema, atopic conditions, with the hypothesis that one or 
more of these conditions may increase the risk for PD. 
Background: Parkinson’s disease is the second most common neurodegenerative condition and has debilitating 
effects. [1-4]. Despite the multitude of people affected by PD, its etiology continues to be poorly 
understood.  Recent studies have focused on establishing a link between inflammatory mechanisms and the 
diagnosis of PD.  A possible biological explanation is that inflammatory conditions may affect lewy bodies (LB) 
found in the brains of PD patients. [5-10]. Given how common inflammatory conditions are in the general 
population, understanding the role of these conditions may help better delineate risk and protective factors for PD. 
Methods: An IRB approved survey was distributed to individuals diagnosed with PD (N=149) and healthy controls 
over the age of 60 (N=105). PD cases and healthy outpatient controls were recruited through NYIT Adele Smithers 
Parkinsons Disease Center, Old Westbury, NY.  PD cases were physician-diagnosed with an ICD-9 code of 331.82, 
or ICD-10 code of G20.  Our exclusion criteria for controls included any patient evaluated for or with a diagnosis of 
a neuromusculoskeletal condition. 385 PD cases and 312 controls were sent the survey. The response rate was 38.7 
% for cases and 33.7 % for controls.  Differences between comparison groups were tested using a chi-square statistic 
for categorical variables and a t-test for continuous variables. For multivariable analysis of categorical outcome 
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variables, logistic regression was used to estimate age, race and gender adjusted odds ratios (OR) and 95% 
confidence intervals. 
Results: There was an inverse association between environmental allergies and PD (OR=0.45, 95% CI: 0.21, 0.95, 
p=0.04). Asthma showed an inverse association to PD as well (OR= 0.33, 95% CI: 0.12, 0.90, p=0.03). Eczema, had 
a positive association with PD (OR=6.86, 95% CI: 0.12, 0.90, p=0.03). 
Conclusions: The results of this study suggest that certain inflammatory conditions may be associated with PD. 
Future studies should try to better evaluate the association between these conditions and PD. 
References: 1. Baumann CR. Epidemiology, diagnosis and differential diagnosis in Parkinson’s disease tremor. 
Parkinsonism Relat Disord. 2012;18(suppl 1):S90–S92. 2. Berardelli A, Wenning GK, Antonini A, et al. 
EFNS/MDS-ES recommendations for the diagnosis of Parkinson’s disease. Eur J Neurology. 2013;20:16–34. 3. 
Reichmann H. Clinical criteria for the diagnosis of Parkinson’s disease. Neurodegenerative Dis. 2010;7:284–290 4. 
Parkinson’s Disease Foundation Statistics on Parkinson’s. Available at:www.pdf.org.en/parkinson_statistics. 5. 
Braak H, Del Tredici K, Rub U, et al. Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol 
Aging. 2003;24:197–211. 6. Del Tredici K, Braak H. Lewy pathology and neurodegeneration in premotor 
Parkinson’s disease. Mov Disord. 2012;27:597–607. [PubMed] 7. Braak H, Bohl JR, Muller CM, et al. The staging 
procedure for the inclusion body pathology associated with sporadic Parkinson’s disease reconsidered. Mov Disord. 
2006;21:2042–2051. 8. Braak H, Ghebremedhin E, Rub U, et al. Stages in the development of Parkinson’s disease-
related pathology. Cell Tissue Res. 2004;318:121–134. 9. Guo, H., Callaway, J. B., & Ting, J. P. (2015). 
Inflammasomes: Mechanism of action, role in disease and therapeutics. Nature Medicine,21(7), 677-687. 
doi:10.1038/nm.3893 10. Brown, S., & Reynolds, N. J. (2006). Atopic and non-atopic eczema. BMJ : British 
Medical Journal, 332(7541), 584–588. 

1813 
Movement Disorders Spectrum in a Private Practice setup in India : A 7 Year Study 
P. Kukkle (Bangalore, India) 
Objective: To study the pattern and spectrum of Movement Disorders patients seen at a Private Movement 
Disorders Clinic in India 
Background: There is lack of epidemiological studies on Movement Disorders in India, along with significant 
differences between patients seen at Institutional practice v/s a Private Practice.  This paper aims to bring out the 
pattern of patients seen in Private specialized Movement Disorders Clinic from India. 
Methods: Patients who attended the specialty Movement Disorders clinic between January 2012 to December 2018 
were included in the Study.  The demographic pattern and diagnostic variations in these group over these years has 
been descriptively analyzed. 
Results: During the study period, 2412 new patients were seen at the clinic with male preponderance (63.4%).  The 
mean age of this cohort was 54.9+/-17.4 (Range – 1yr to 89 years) at initial evaluation.  The common pure 
syndrome diagnosis was Parkinsonism (1332, 53.4%), Dystonia (483, 19.3%), Tremors (202, 8.1%), 
Myoclonus(including hemifacial spasms – 92- 3.6%), Ataxia (62, 2.5%), Chorea-Ballisum (54, 2.3%), Gait 
Disorders (7, 0.3%), Tic Disorders (15 – 0.7%) and remaining contributed by others which included syndromic 
disorders and asymptomatic individuals).  The predominant patient referrals were from medical community, which 
is increasing over the years. The other resource of referrals were web search (10%), friend/relatives or other 
sources.  Over the 7 year tenure the pattern of age, syndrome diagnosis and gender changes have remained same 
(Table-1). 
Conclusions: The current study shows the pattern of Movement disorders in a private clinic based practice.  In 
comparison to published epidemiological studies, there is a significant skew in patients walking into a subspecialty 
clinic.  This study might help to understand, which pattern of patients attend subspecialty services and require help 
in diagnosis and management as compared to general prevalence of Movement Disorders. 
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1814 
Gender-dependent improvement in the survival of Parkinson’s disease patients in Finland 
T. Kuusimäki, S. Kurki, J. Sipilä, H. Salminen-Mankonen, O. Carpén, V. Kaasinen (Turku, Finland) 
Objective: To longitudinally investigate the overall survival (OS) of a large cohort of Parkinson's disease (PD) 
patients. 
Background: While there is evidence of increasing incidence, prevalence and male-to-female ratio of PD [1], 
possible changes in the prognosis and mortality of PD patients are less well known. Survival in another 
neurodegenerative disease, Huntington’s disease, has increased. [2,3] Improvements in basic care have been 
postulated as a cause and this might also affect survival in PD. Furthermore, although pharmacotherapy has 
remained mostly unaltered, recent advances in device-aided therapies might have also affected survival in PD. 
Methods: We performed a 9-year (2006–2014) longitudinal investigation of newly diagnosed PD patients in 
southwestern Finland using individual digital health records that were followed until the end of follow-up (2016) or 
death. The cohort was divided into three groups based on the year of diagnosis. Demographic factors were compared 
between groups using ANOVA and Chi-Square tests. Kaplan-Meier analysis and log-rank statistics were used to 
analyze the OS from the time of diagnosis. 
Results: A total of 1521 PD patients (Men (M): 824, Women (W): 697) were identified. The number of new 
diagnoses remained stable (M: 261-292 per three years, p=0.14, F: 216-256 per three years, p=0.14). Men were 
diagnosed at younger age than women (71.6 years, SD 10.5 vs. 74.1 years, SD 10.4; p<0.01) but the age difference 
and mean age at diagnosis remained stable (M: p=0.41, W: p=0.84). During the study period, 685 (45.0%) patients 
died (M: 388, W: 297). OS of male PD patients increased during the follow up (p=0.03), but no change was 
observed in women (p=0.42) [Table 1]. Results remained the same when patients with device-aided therapies were 
excluded. 
Conclusions: The survival of Finnish men after PD diagnosis has improved over a period of nine years without a 
similar change in women. Since improvements in the treatment of advanced PD likely affect both sexes similarly, 
our results might stem from the fact that the general life expectancy in Finland has improved more in men than 
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women in recent years. The increase in OS in male patients could thus reflect the epidemiological effect of 
competing causes of death. However, since gender differences in treatment cannot be ruled out further studies are 
needed on this subject. 
References: 1. Kaasinen V, Vahlberg T, Suominen S. Increasing age-adjusted male-to-female incidence ratio of 
Parkinson's disease. Mov Disord 2015; 30(2): 286-8. 2. Sánchez-Díaz G, Arias-Merino G, Villaverde-Hueso A, et 
al. Monitoring Huntington's Disease Mortality across a 30-Year Period: Geographic and Temporal Patterns. 
Neuroepidemiology 2016; 47(3-4): 155-63. 3. Rodrigues FB, Abreu D, Damásio J, et al. Survival, Mortality, Causes 
and Places of Death in a European Huntington's Disease Prospective Cohort. Mov Disord Clin Pract. 2017;4(5):737-
42. 

 

1815 
Association between Parkinson disease and the risk of cardiovascular disease and all-cause mortality: A 
nationwide, register-based cohort study 
D.Y. Kwon, D.H. Kim, M.H. Park, K.W. Park (Ansan city, Republic of Korea) 
Objective: This nationwide population-based, matched cohort study aimed to determine whether patients with PD 
have an increased risk of MI, stroke, and mortality by using data from the entire Korean population. 
Background: Although epidemiologic studies have consistently reported an increase in mortality associated with 
Parkinson disease (PD), the relationship between cardiovascular disease (CVD)—the leading cause of death—and 
PD is unclear. In this nationwide study, we assessed the risk of myocardial infarction (MI), stroke, and all-cause 
mortality in patients with PD in Korea. 
Methods: A population-based, age- and sex-matched cohort study was conducted using the database from the Rare 
Intractable Disease registry and the Health Insurance Review and Assessment Service, which covers the entire 
Korean population, from 2010 to 2015. We analyzed 25 624 PD and 128 120 non-PD cases (≥40 years; mean age, 
69.0 ± 10.2 years; 42.5% men) without previous diagnosis of MI or stroke. Survival analysis, log-rank test, and Cox 
proportional hazards regression models were used to calculate the incidence, survival rate, and hazard ratio of CVD 
and mortality. 
Results: PD was significantly associated with the prospective development of MI (hazard ratio [HR]: 1.43, 95% 
confidence interval [CI]: 1.28–1.59), stroke (HR: 1.42, 95% CI: 1.31–1.54), and all-cause death (HR: 2.7, 95% CI: 
2.60–2.81) after adjustment for multiple covariates during the 498 811.6 person-years of follow-up. The PD group 
had significantly lower 6-year MI- and stroke-free rates and survival rates than the non-PD group (log-rank p < 
0.0001) 
Conclusions: There is an increased risk of MI, stroke, and all-cause death in patients with PD. This finding has 
important implications for clinicians and supports the need for preventative measures for CVD in patients with PD. 
References: 1. L.V. Kalia, A.E. Lang, Parkinson's disease, Lancet 386 (2015) 896-912. 2. T.K. Khoo, A.J. Yarnall, 
G.W. Duncan, S. Coleman, J.T. O'Brien, D.J. Brooks, R.A. Barker, D.J. Burn, The spectrum of nonmotor symptoms 
in early Parkinson disease, Neurology 80 (2013) 276-281. 3. J.A. Driver, T. Kurth, J.E. Buring, J.M. Gaziano, G. 
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Logroscino, Parkinson disease and risk of mortality: a prospective comorbidity-matched cohort study, Neurology 70 
(2008) 1423-1430. 

1816 
Antipsychotics Use in Parkinson’s Disease and Mortality Risks 
W.M. Liu, J.H. Wang, H.Y. Chen, R. Lo (Hualien, Taiwan) 
Objective: To describe the use of antipsychotics in patients with Parkinson’s disease (PD) and study its associated 
mortality risks. 
Background: The US Food and Drug Administration has issued the black-box warning regarding the increased 
mortality risks of atypical antipsychotics use for more than a decade, but the impact on the prescription pattern of 
antipsychotics for patients with PD is not known. 
Methods: We identified incident PD cases from a random sample of 1 million individuals in Taiwan National 
Health Insurance program during 2001-2011. The use of antipsychotics was defined by medication codes and 
minimum daily dosage. We then described the frequency, type and timing of antipsychotics use in PD cases. Within 
the incident PD case group, we identified antipsychotic users and selected age, sex and index year-matched non-
users in a 1:1 ratio for a nested case-control study. We employed Cox proportional hazards regression models to 
study the associations between antipsychotics use and mortality. 
Results: A total of 1783 patients with newly diagnosed PD were identified. About 15% (n=276) of these patients 
were found to use antipsychotics during follow-up, and they were first exposed to antipsychotics at 2.9 years on 
average after PD diagnosis. The proportion of atypical antipsychotics use appeared to increase over time and has 
become the major prescription, among which quetiapine (53%) was the most common prescription, followed by 
risperidone (13%). PD cases with antipsychotics use were slightly older (71.9 vs 70.3 years, p=0.02) and more likely 
to have comorbid dementia, insomnia, hypertension and stroke. Eighty-eight antipsychotics users (31.9%) and 312 
non-users (20.7%) were deceased as of December 31, 2011. After adjusting for age, sex and index year, 
antipsychotics users had higher mortality risks than non-users (HR=2.26, p=0.001). 
Conclusions: Antipsychotic medication, particularly quetiapine, is commonly prescribed for PD in Taiwan, despite 
the black-box warning. The cause of higher mortality risks among antipsychotics users in PD warrants further 
investigation. 

1817 
Retrospective analysis of hospitalized Parkinson 's disease patients from 2002 to 2014 in Suzhou district 
C. Mao, J. Chen, H. Gu, D. Chen, J. Huang, J. Chen, Y. Wang, W. Luo, C. Liu (Suzhou, China) 
Objective: To analyze the reasons of admission, comorbidities, medications, and the causes of death of patients with 
Parkinson's disease (PD) during hospitalization in the past 12 years. 
Background: Parkinson's disease (PD), closely related to aging, is a well-known neurodegenerative disease. 
According to epidemiological statistics, till 2030, half of patients with PD are in China. The global burden of PD 
will increase in coming decades, as the aged population increases worldwide, as is the case in China. 
Methods: We retrospectively enrolled 1589 PD patients admitted to the Second Affiliated Hospital of Soochow 
University between Jan. 2002 and Aug. 2014. Reasons for admission, comorbidities, medications, and the causes of 
death during hospitalization were collected. 
Results: Our study showed that the number of hospitalized patients with PD in Suzhou district has increased 
dramatically from 2002 to 2014. The use of levodopa and dopamine agonists in patients with PD showed increased 
during the 12 years. Hypertension was the most common comorbidities in PD patients. 30% - 60% of PD patients 
were combined with hypertension. The most commonly used antihypertensive drugs are calcium channel blockers 
(CCB). Pulmonary infection was the major cause of death during PD admission. 
Conclusions: As the population ages, increased number of patients with PD in China will place a huge burden on 
Chinese medical care. How to better manage patients with PD, including drug selection, treatment of complications, 

This article is protected by copyright. All rights reserved.



and some daily care issues are worthy of deep thinking. Movement disorder units may be a choice for better 
management of patients with PD. 
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1818 
Associations of gait disorders and future falls in the elderly: a prospective population-based study 
K. Marini, P. Mahlknecht, O. Schorr, M. Baumgartner, A. Djamshidian, A. Gasperi, S. Kiechl, G. Rungger, H. 
Stockner, J. Willeit, W. Poewe, K. Seppi (Innsbruck, Austria) 
Objective: The aim of this prospective study was to investigate the association of gait disorders (GDs) and 
quantitative gait measures with future falls in an existing longitudinal population-based cohort. 
Background: Recurrent falls are common in the general elderly population and represent a major source of serious 
adverse health outcomes such as fractures, institutionalization and death. Previous cross-sectional and longitudinal 
studies have linked the occurrence of GDs to recurrent falls [1]. However, there is only limited prospective data with 
long-term follow-up on this association. 
Methods: The study included 342 subjects aged 59–93 years of the Bruneck Study cohort in a baseline and a 6-year 
follow-up assessment. At baseline, participants underwent a clinical qualitative gait evaluation (to determine 
neurological and non-neurological GDs) and an assessment of simple quantitative gait measures (Hauser Index, 
Tinetti gait and balance scale, and gait speed) [1,2]. Participants with recurrent falls at baseline were excluded from 
analysis (n=14). A logistic regression analysis adjusted for age and sex was performed to calculate odds ratios (OR) 
of baseline variables for future falls. 
Results: At follow-up 22 subjects (6.7%) reported recurrent falls. GDs in general and neurological GDs in particular 
were predictive for future falls (OR 4.1; 95% confidence interval [CI] 1.6-10.9; p=0.005 for GDs in general and OR 
4.85; 95%CI 1.6-15.0; p=0.006 for neurological GDs), while there was no association for non-neurological GDs 
with falls. All three simple gait tests were predictive for future falls (Hauser Index, p=0.002; Tinetti gait and balance 
scale, p=0.006; gait speed, p<0.001). 
Conclusions: Both, a neurological gait evaluation and simple gait tests have significant predictive value for falls 
assessed as long as 6 years after gait evaluation. 
References: [1] Mahlknecht P, Kiechl S, Bloem BR, Willeit J, Scherfler C, Gasperi A, et al. Prevalence and burden 
of gait disorders in elderly men and women aged 60-97 years: a population-based study. PLoS One. 
2013;8(7):e69627. [2] Snijders AH, van de Warrenburg BP, Giladi N, Bloem BR. Neurological gait disorders in 
elderly people: clinical approach and classification. Lancet Neurol. 2007;6(1):63-74. 

1819 
Prevalence of advanced Parkinson’s Disease in patients treated in the hospitals of the Spanish public health 
care system: PARADISE Study (interim analysis) 
J.C. Martínez-Castrillo, P. Martínez-Martín, A. Burgos, G. Arroyo, N. García, M.R. Luquín, J.M. Arbelo (Madrid, 
Spain) 
Objective: To determine the annual prevalence of patients with advanced Parkinson’s disease (APD) in patients 
diagnosed of Parkinson’s disease (PD) in the hospitals of the Spanish public health care system. 
Background: In Spain, PD prevalence has been calculated in few regional studies of limited scope. Moreover, any 
of them have been calculated the proportion of APD [1-6]. 
Methods: Epidemiologic, cross-sectional, multicenter, national study which primary endpoint was to calculate the 
proportion of patients with APD. APD diagnosis was based on the clinical judgment, using the diagnostic 
questionnaire for Advanced Parkinson’s Disease (CDEPA questionnaire). The interim analysis is presented with the 
first 500 patients included in the study. Final endpoint recruitment is 800-1100 patients. 
Centres (17) were selected using a stratified randomization by type of Neurology service: general neurology service, 
general neurology service with a PD monographic office and neurology service with a Movement Disorders Unit. 
Results: Among the 500 patients evaluated, 185 were categorized as APD; prevalence was 37.00% (CI 95%: 
32.7%-41.4%). Of these 185 patients, 52.97% were women, the mean age was 74.72±9.52 years and they presented 
a disease evolution of 10.79±6.01 years. 68.6% referred to have presented pre-motor symptoms at the time they 
were diagnosed. In baseline visit, out of the 173 patients that were assessed in “On”, 1.62% had a H&Y 1; 16.22% 
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2; 55.68% 3; 22.70% 4 and 3.78% 5, with a median of 3.00 [2.00, 4.00]. 40% had any concomitant disease at the 
time of the study. 
Conclusions: In this interim analysis, 37.00% of the PD patients treated in Neurological Departments of the Spanish 
public health care system present an advanced Parkinson’s disease. 
References: 1. Artázcoz Sanz MT, et al. The estimation of prevalence of Parkinson’s disease in Navarra. An 
epidemiological study of the consumption of antiparkinsonian drugs. Rev Esp Salud Publica 1995; 69: 479-85. 2. 
Benito-León J. et al. Prevalence of PD and other types of Parkinsonism in three elderly populations of central Spain. 
Mov Disord 2003; 18: 267-74. 3. Bergareche A, et al. Prevalence of Parkinson’s disease and other types of 
parkinsonism. A door-to-door survey in Bidasoa. Spain. J Neurol 2004; 251: 340-5. 4. Clavería LE, et al. Prevalence 
of Parkinson’s disease in Cantalejo. Spain: A door-to-door survey. Mov Disord 2002; 17: 242-9. 5. Martínez-Pérez 
JA, et al. Epidemiology of parkinsonism in the Guadalajara Health Area. Semergen 2014; 40: 305-12. 6. Errea JM, 
et al. Prevalence Of Parkinson’s disease in lower Aragon. Spain. Mov Disord 1999; 14: 596-604. 

1820 
Antibiotic exposure and Risk for Parkinson’s Disease 
T. Mertsalmi, E. Pekkonen, F. Scheperjans (Helsinki, Finland) 
Objective: To determine whether antibiotic exposure is associated with Parkinson's disease (PD). 
Background: Environmental exposures affect the risk of PD and it has been proposed that the gastrointestinal tract 
may be a possible entry point for such factors [1]. Gut microbiota alterations have been found in prodromal and 
established PD, but the cause of these alterations is unknown [2,3]. Antibiotic exposure can have long-term effects 
on the composition of human intestinal microbiota, and could be associated with PD risk. 
Methods: We evaluated the impact of antibiotic exposure on the risk of PD in a register-based case-control study. 
We identified all patients that were diagnosed with PD in Finland during the years 1998-2014. We obtained 
information on individual purchases of orally administered antibiotics during the years 1993-2014. We assessed the 
association between prior antibiotic exposure and PD with a conditional logistic regression. 
Results: After exclusions, the study population consisted of 14074 PD-cases and 40993 controls. We found positive 
associations between oral antibiotic exposure and PD-risk that showed dependency on antibiotic class, antianaerobic 
coverage, antibacterial spectrum, number of antibiotic courses, and period of exposure. The connection was 
strongest for macrolides and lincosamides showing a dose-response relationship between antibiotic exposure and 
PD-risk with aOR reaching 1.427 (95% CI 1.063-1.916) for subjects that had purchased at least five courses 10-15 
years before the index date. 
Conclusions: Our results suggest that prior antibacterial exposure is associated with subsequent PD. It is plausible 
that oral antibiotic exposure makes the gastrointestinal tract more susceptible to PD pathology. Harmful long-term 
effects of exposure to commonly used oral antibiotics manifesting as neurodegeneration could have major 
implications for prescribing practices and public health. 
References: 1. Hawkes CH, Del Tredici K, Braak H. Parkinson's disease: a dual-hit hypothesis. Neuropathol Appl 
Neurobiol. 2007;33(6):599-614. 2. Scheperjans F, Aho V, Pereira PA, Koskinen K, Paulin L, Pekkonen E, et al. Gut 
microbiota are related to Parkinson's disease and clinical phenotype. Mov Disord. 2015;30(3):350-8. 3. Heintz-
Buschart A, Pandey U, Wicke T, Sixel-Doring F, Janzen A, Sittig-Wiegand E, et al. The nasal and gut microbiome 
in Parkinson's disease and idiopathic rapid eye movement sleep behavior disorder. Mov Disord. 2018;33(1):88-98. 

1821 
Movement disorders in chronic obstructive pulmonary disease (COPD); the effect of pulmonary disease to 
brain 
K. Methawasin, R. Suppawat, P. Petborom, M. Wongwandee, S. Rungruanghiranya, T. Asawavichienjinda 
(Ongkharak, Thailand) 
Objective: To find out phenotypes of movement disorders related to COPD, and also associated factors. 
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Background: Movement disorders in systemic diseases exactly are common in general wards and In-Patient 
department of internal medicine. More than being an indicator of central nervous system involvement of medical 
underlying diseases, abnormal movements also represent severity and complications which can be factors related to 
prolonged hospitalization and morbidity. There are reviews on textbook (1) that autoimmunity, oncology, systemic 
infections, HIV/AIDS, metabolic, endocrinology, liver, renal, and hematology diseases show clinical presentation of 
movement disorders. However, for the respiratory system, there seems to be no research and report about abnormal 
movements in this condition. 
Methods: Eighty-six COPD patients were included. The baseline characteristics, education levels, the frequency of 
hospitalization, COPD assessment test (CAT) score were recorded as variables. All volunteers completed 
neurological, movement disorders and cognitive examinations. Mini-Mental State Examination (MMSE), Montreal 
Cognitive Assessment (MoCA) and Roland Universal Dementia Assessment Scale (RUDAS) were applied to 
estimate dementia. MRI brain or CT scan of the brain were done in volunteers who failed in any test. 
Results: There are 16 COPD patients (18.6%) met the criteria of dementia. For the overall prevalence of movement 
disorders, 34 patients (39.5%) had presented 20.9% postural tremor , 11.6% parkinsonism , and 7% essential tremor. 
Factors associated with abnormal movements are an amount of cigarette smoking (>46 packs/year), a history of 
hospital admission due to exacerbation, dementia, and severe COPD (group D) at p<0.05. The multivariate analysis 
confirms the potency of a history of hospital admission and dementia at p<0.05 OR3.65 95%CI 1.41-9.41, and 
p<0.05 OR3.85, 95%CI 1.16-12.76, orderly. 
Conclusions: Abnormal movements can be found in COPD cases. Although factors associated are not directly the 
dysfunction of the neuronal circuit, sequalaes of severe hypoxia causes dementia, and other neurodegeneration 
should be considered. 
References: Poewe W, Jankovic J. Movement disorders in neurologic and systemic disease, 1 edition. Cambridge 
University Press, 2014. 

1822 
Sick leaves in the years preceding the diagnosis of Parkinson’s disease: a nationwide case-control study in 
France 
F. Moisan, L. Mandereau-Bruno, E. Moutengou, L. Carcaillon-Bentata, A. Elbaz (Saint-Maurice, France) 
Objective: To examine whether the frequency of sick leaves is higher in patients with Parkinson’s disease (PD) than 
in controls in the years preceding diagnosis. 
Background: Non-motor symptoms (e.g., constipation, sleep disturbances, depression, anxiety) during the 
prodromal phase of Parkinson’s disease (PD) can affect the working lives of the patients several years before 
diagnosis. In France, over 25,000 people are newly treated for PD each year, of whom 17% are of working age (<65 
years). 
Methods: As part of a nationwide population-based case-control study among people enrolled in the general health 
insurance plan (75% of the French population), incident PD cases ≤60y (2012-2015) were identified using a 
validated algorithm based on drug claims [1, 2]. Three controls were matched on age, sex, and residence area to each 
case. Over the 6y preceding the reference date (date of diagnosis in cases, same date in matched controls), we 
determined whether cases and controls had at least one compensated sick leave each year. We compared the 
trajectories of the annual proportion of cases and controls with sick leaves using generalized estimating equations 
poisson models with a backward time scale (linear and quadratic) and computed prevalence ratio (PR) and 95% 
confidence intervals (CI). We tested whether the difference in trajectories between cases and controls was modified 
by sex. 
Results: The study population included 8,117 PD cases and 23,168 controls. Their median age was 53y and 54% 
were male. Over the 6y preceding the reference year, 28% of the cases (n=4,494) and 24% of the controls (n=3,623) 
had ≥1 sick leave (PR=1.20, 95% CI=1.15-1.24). Trajectories of the annual proportion of sick leaves before the 
reference date were different in cases and controls (p<0.001; [figure1]). While their frequency was stable over time 
in controls (p=0.69), it increased in cases as they approached diagnosis (p<0.001). In addition, 6y before the 
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reference date, the annual proportion of sick leave was already higher in cases (23%) than controls (19%; PR=1.21, 
95% CI=1.15-1.27; [figure2]). Results were similar in men and women (p for interaction=0.43). 
Conclusions: PD patients of working age have more sick leaves than matched controls until 6 years before 
diagnosis. These findings demonstrate the impact of non-motor symptoms on the working life of persons who will 
later develop PD. 
References: [1] Moisan F, Gourlet V, Mazurie JL, Dupupet JL, Houssinot J, Goldberg M, et al. Prediction model of 
Parkinson's disease based on antiparkinsonian drug claims. AmJEpidemiol 2011;174(3):354-63. [2] Carcaillon-
Bentata L, Moutengou E, Boussac-Zarebska M, Moisan F, Ha C, Elbaz A. Mortalité d’une cohorte de cas incidents 
de maladie de Parkinson identifiés dans les bases médico-administratives. Bull Epidemiol Hebd 2018;8-9:150-6. 
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1823 
A Registry for Parkinson’s Disease in Utah 
P. Moretti, A. Nakashima, M. Zorn, S. Woltz, L. Farese, L. Cannon-Albright, S. Pulst (Salt Lake City, UT, USA) 
Objective: To report the progress made in establishing the Utah Parkinson Disease Registry (UPDR.org). 
Background: Precise epidemiological information about Parkinson’s disease (PD) and related conditions is difficult 
to obtain. This information is important for research, clinical care and resource planning. Nebraska became the first 
state in the United States (US) to establish a statewide registry for PD. 
Methods: In 2013, the Utah State Legislature passed a resolution urging the Utah Department of Health (UDOH) to 
make PD a reportable condition. In 2015, UDOH modified its reporting rules requiring that health care providers 
report cases of PD and related movement disorders. UPDR is an electronic registry run by the UDOH through a 
contract with the Department of Neurology at the University of Utah School of Medicine (with bioinformatics 
support from the Utah Center for Clinical and Translational Science) to collect and manage the data. UDOH retains 
ownership and all rights to the records in the Registry and manages the access to these data. Physicians, hospitals, 
clinics, pathology laboratories licensed in the state, nursing homes, and other facilities and health care providers are 
required to report to the Registry. In addition, there is voluntary self-reporting by patients. The reporting of cases of 
PD or related movement disorder that are diagnosed or treated in Utah is done through a website or by mail, within a 
year of the date of diagnosis. 
Results: As of 2019, the UPDR contains 3,679 registered cases, corresponding to 2,945 unique, alive registrants 
living in Utah. The male/female ratio is 1.8. The distribution of current age is: <50 years = 3.0%; 50-59 = 7.3%; 60-
69 = 20.6%; 70-79 = 35.9%; 80+ = 33.2%. A comparison of PD mortality shows that, in 2016, the age-adjusted 
death rate per 100,000 was 11.9 (95% CI 10.6-13.4) in Utah vs 8.1 (95% CI 7.9-8.1) in the US. 
Conclusions: The available data, although preliminary, suggest that collection of data in this population will be 
important to further our understanding of the epidemiologic factors associated with PD in Utah.  The next steps 
would be to evaluate and improve the completeness of reporting and the quality of the data in the Registry. The 
opportunity exists to eventually link the UPDR to a population resource which includes the genealogy of Utah from 
the mid 1800s linked to statewide hospital and vital statistics data, which will allow unique investigation of genetic 
factors and interactions. 
References: Tysnes OB, Storstein A. Epidemiology of Parkinson's disease. J Neural Transm (Vienna). 2017 
Aug;124(8):901-905. Bertoni JM, Sprenkle PM, Strickland D, Noedel N. Evaluation of Parkinson’s disease in 
entrants on the Nnebraska state Parkinson’s disease registry. Mov Disord 2006; 21: 1623–1626. Xu K, Alnaji N, 
Zhao J, Bertoni JM, Chen L-W, Bhatti D, Qu M. Comorbid Conditions in Parkinson’s Disease: A Population-Based 
Study of Statewide Parkinson’s Disease Registry. Neuroepidemiology 2018;50:7–17. Utah Death Certificate 
Database, Office of Vital Records and Statistics, Utah Department of Health. Population Estimates: National Center 
for Health Statistics (NCHS) through a collaborative agreement with the U.S. Census Bureau, IBIS Version 2016. 
U.S. Underlying Cause of Death Data: WONDER Online Database. Centers for Disease Control and Prevention, 
National Center for Health Statistics. 

1824 
Gender differences for Motor and non motor symptoms in Parkinson’s Disease among Pakistani population 
S. Naureen, A. Arshad, N. Ahmad (Islamabad, Pakistan) 
Objective: Parkinson’s disease is second most common neurodegenerative t disorder with increasing burden  in 
under developed countries with poor health facilities. Motor and non motor symptoms are important determinants of 
health and quality of life among PD patients. 
Background: Parkinson’s disease is second most common neurodegenerative movement disorder with increasing 
burden by aging population in under developed countries with poor health facilities. Motor and non motor symptoms 
are important determinants of health and quality of life among PD patients. 
Methods: This one and half year study was conducted in a local neurological unit to quantify the gender difference 
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of motor and non motor symptoms among Parkinson’s patient. To address the problems Non Motor Symptoms 
Scale (NMSS) was used and validated in PD Patients. 
Results: Among 231 patients 184 were male and 47 were female. The response rate was (76.8%). With 37(16 % 
patient) having positive family history. There was demographic difference with more patient (60%) belonging to 
rural area with only 8% belonging to tribal areas. Most number of people were affected between the age group of 
51-60 years. With least number of people over the age of 80 years. Youngest case of PD was observed at the age of 
21 years. Although, there was no significant gender difference for motor symptoms but male have more severity for 
non motor symptoms. Males were more affected with tremors than females. Our data revealed that among Classical 
clinical features of  Parkinson bradykinesia was in 131 male and 37 female, rest tremor 98 male 35 female, rigidity 
171 male 47 female, gait disturbance 139 male 37 female. >40 male. Common non motor symptoms among our PD 
patients are mood/ cognition, hallucinations, attention/ memory loss. Men reported more sleep disorders, autonomic 
dysfunction, gastrointestinal symptoms, and sexual dysfunction and speech problems. Neuropsychiatric symptoms 
are present among 85 (67%). 
Conclusions: This study shows that motor and non motor symptoms severity varies among male and female with 
male affected more. Rural residence has strong impact on the occurrence of PD. . 

1825 
The proportion of patients with early-onset Parkinson's disease: a systematic review and meta-analysis 
G. Nepal (Kathmandu, Nepal) 
Objective: To estimate the proportion of cases of early-onset Parkinson's disease(EOPD). 
Background: Compared with patients with late-onset Parkinson's disease, most patients with EOPD develop motor 
fluctuations and dyskinesias earlier. Because of the early onset, these patients tend to experience a greater effect in 
their lives than patients with a late onset, with weak professional, social, and everyday functions, higher levels of 
depression, and a lower quality of life. Thus, early diagnosis, treatment and psychological support are of paramount 
importance. However, we have no data on the proportion of EOPD cases among patients with PD. 
Methods: A database search was conducted using Medline (PubMed), EMBASE and Google Scholar to identify 
published studies. The primary outcome was the proportion of patients with EOPD. This was calculated as the 
number of patients with EOPD divided by the total number of PD cases. We then performed a meta-analysis of 
proportions using the random effects method and presented a pooled estimate with 95% CI. 
Results: Forty six studies were included in our analysis. There were 17,370 PD patients and 739 EOPD patients. 
After performing meta-analysis, the pooled proportion of EOPD was found to be 3.8 % [95% CI: 0.03-0.046, I2 = 
91.37 %]. Among the individual studies, it ranged from 0.3 % to 16.3 %. The pooled proportion of EOPD was 3 % 
[95% CI: 0.019-0.049, I2 = 95.17 %] in studies conducted in Australia, North America and Europe and 4.8 % [95% 
CI: 0.034-0.069, I2 = 80.66 %] in studies conducted in other parts of the world. The proportion was 3.3 % [95% CI: 
0.022-0.051, I2 = 83.12 %] in studies that defined EOPD as onset before age of 40 years, compared with 4.3 % 
[95% CI: 0.028-0.066, I2 = 94.96 %] in studies that defined EOPD as onset before age of 50 years. The proportion 
was 3 % [95% CI: 0.017-0.048, I2 = 0 %] in studies that recruited PD patients by door to door survey or random 
selection, compared with 4 % [95% CI: 0.029-0.056, I2 = 94 %] in studies that recruited PD patients through health 
record review. 
Conclusions: Our study showed that the proportion of EOPD in PD is 3.8%.  Special attention should be paid to 
young patients suffering from involuntary movement disorders, to make sure that we did not miss the diagnosis of 
EOPD. 

1826 
The Nigeria Parkinson Disease Registry 
O. OJO, S. ABUBAKAR, K. WAHAB, O. OLUGBO, E. NWAZOR, O. OSHINAIKE, A. BELLO, U. WILLIAMS, O. 
EKENZE, N. OKUBADEJO, N. collaborators (Idi-araba, Nigeria) 
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Objective: To describe the methodology and preliminary baseline data from the Nigeria Parkinson Disease Registry 
(NPDR). 
Background: Disease registries offer an opportunity to expand the understanding of the epidemiology of Parkinson 
disease, and provide a platform for research that can strengthen evidence for policies aimed at reducing disease 
burden. It enables accumulation of data across geographically distinct locations, facilitating comprehensive insight 
into disease profile and establishes networks for cross-national prospective studies powered by significantly larger 
sample sizes. 
Methods: The NPDR is a prospective collaborative national registry established in November 2016, with a target of 
registering 1000 PD cases. Ethics approval was obtained for the project. Following a call for participation sent to 
practicing neurologists across the country, the registry protocol was implemented by collaborating neurologists. 
Written informed consent was obtained from each participant with permission to re-contact. The registry records 
basic data for consecutive incident and prevalent PD cases fulfilling the UK PD Brain Bank Criteria into a secure 
website (www.parkinsonnigeria.com). This data includes demographic, geographic, and clinical data. 
Results: The registry covers sites in 15 of 36 states and the Federal Capital Territory. 392 PD cases were registered 
as at December 2018, with gender distribution of 291 male (74.2%) and 101 female (25.8%). The age-related data 
are: median age at onset (years) 60 years; mean age at onset overall 59.8±10.5; males - 59.9 ±10.5; females - 
59.7±10.4 (p=0.90). Young onset PD (YOPD) (age at onset ≤50) was documented in 82 (20.9%) (female – 20.8%, 
male – 21%); whereas YOPD (age at onset ≤40) occurred in 13 (3.3%) (female – 2.0%; male – 3.8%). Family 
history of PD was present in 23 (5.9%) (first degree relative (FDR) in 17 (4.3%) and second degree relative (SDR) 
in 6 (1.5%), while  family history of tremor occurred in 41 (10.5%) (FDR in 29 (7.4%) and SDR in 13 (3.3%)). The 
reported side/site of onset of motor symptoms was the right upper limb in 178 (45.4%), and left upper limb in 158 
(40.3%). The most frequently noted initial/earliest motor symptoms of PD were tremor only in 177 (45.2%), tremor 
and slowness in 90 (23.0%), and slowness only in 33 (8.4%). 
Conclusions: The first national PD register in sub Saharan Africa. The database will target achieving 100% 
coverage (i.e. at least one site in all 36 states) over the next 18 months. 

1827 
Translation, validation, diagnostic accuracy and reliability of a Parkinson´s disease screening questionnaire 
in three countries in Africa: A progress report and preliminary data 
N.U. Okubadejo, A. Shalash, J. Doumbe, C. Tanner, R. Walker, C. Dotchin, O.P. Agabi, E. Hamid, A. Helmi, H. 
Elrassas, T. Rushdi, O. Ojo, O. Oguntunde, S. Calvo, L. Aguado, E. Cubo (Lagos, Nigeria) 
Objective: To translate and adapt the PD screening questionnaire into French and Arabic for use in Africa. To 
determine the diagnostic accuracy of the English, French and Arabic PD screening instruments in detecting PD in 
African patients. 
Background: Epidemiologic data from a community perspective are lacking in most countries in Africa. Incidence 
and prevalence data rely on extrapolations and estimates largely based on studies with varied methodologies 
conducted decades ago. Considering the demographic transition that has occurred across Africa, and the evolving 
Parkinson´s disease (PD) pandemic, current data are urgently needed to support policies directed at improving the 
health infrastructure for addressing PD burden. 
Methods: This observational, longitudinal, international study [Lagos (Nigeria), Cairo (Egypt), and Douala 
(Cameroon)] is recruiting outpatients with idiopathic PD. For cultural validation, the PD screening instrument, 
originally available as an English version, has been translated into Arabic and French, and back-translated into 
English using standard procedures for translation. The diagnostic accuracy of the original English, French, and 
Arabic translations of the PD screening questionnaire will be studied in patients with early PD (Hoehn and Yahr 1-
2) and advanced PD (Hoehn and Yahr ≥3) and gender-matched healthy controls. All participants will have 
interviewer-administered cognitive screening with the IDEA and MoCA screening instruments. 
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Results: One year after the launch of this intervention, the PD screening questionnaire will be validated to culturally 
appropriate PD screening instruments in French and Arabic, and 60 PD patients (20 patients per site) and 60 gender-
age-matched healthy controls will be enrolled. 
Conclusions: The results of this study will facilitate the conduction of epidemiological studies in movement 
disorders, specifically PD in Africa, by using cross-cultural validated Arabic, English and French screening tools. 

1828 
Patterns of Lewy body dementia diagnosis and treatment in Florida 
B. Patel, M. Armstrong, R. Eisinger, C. Garvan (Gainesville, FL, USA) 
Objective: To characterize the demographic and treatment characteristics for the Lewy body dementia (LBD) 
population in Florida using a statewide clinical data research network. 
Background: LBD is the second most common degenerative dementia in the United States, however information 
about LBD population demographics and common treatment strategies is limited. 
Methods: We included patients (≥40 years-old) with an ICD-9-CM 331.82 or ICD-10CM G31.83 diagnosis code 
associated with at least 1 encounter (January 2012-March 2018). Prevalence and age, gender, and racial/ethnic 
demographics were identified. Frequency of medications and provider specialties was assessed using prescription 
and provider information (RXCui and NPI number). 
Results: 3659 individuals with a diagnosis code for LBD were identified. Among nearly 4 million patients in the 
clinical research database, the prevalence of LBD was 0.10%. Males accounted for 55.7% of included individuals. 
Of the LBD cohort, 40% were within the age group 70-80 years and 32% were in the 80-90 years group. For those 
304 individuals for whom we have age at death information, the average age at death was 79.6 (range 47-96). LBD 
was most commonly diagnosed in individuals identifying as white (79.7%), African American/black (11.1%), Asian 
(1.2%) and other (8%). Almost 19% of the population identified as Hispanic. Approximately 43% of individuals 
with LBD received a cognitive enhancing medication during the examined period. Donepezil was most commonly 
prescribed (19.9%), followed by memantine (12.7%), rivastigmine (9.6%), and galantamine (<1%). These 
medications were most commonly prescribed by neurologists/psychiatrists (20.2%) followed by internal medicine 
physicians (8.6%). The most frequently prescribed anti-psychotics were quetiapine (17.4%), risperidone (5.4%), and 
olanzapine (3.2%). Frequency of pimavanserin (0.7%) and clozapine use (0.7%) was low. Most commonly used 
dopaminergic medications were levodopa (28.5%) followed by dopamine agonists (7.3%). 
Conclusions: Fewer than half of individuals with LBD in this cohort received a cholinesterase inhibitor trial, a clear 
area to target improvement. African-Americans account for a lower percent of LBD cases than the proportion of 
African-Americans (17%) in Florida suggesting LBD may be underdiagnosed in this population [1]. Opportunities 
to improve care include diagnosis amongst racial/ethnic minorities and decreased use of inappropriate 
antipsychotics. 
References: [1] U.S. Census Bureau QuickFacts: Florida.” Census Bureau QuickFacts, United States Census 
Bureau, www.census.gov/quickfacts/fl. Accessed March 1, 2019. 
 

1829 
Parkinsonism in a movement disorder reference center in El Salvador 
D. Pereira (San Salvador, El Salvador) 
Objective: To describe the frequency of Parkinson's disease and parkinsonism in a movement disorder reference 
center in El Salvador. 
Background: El Salvador is a  country with approximately 6.6 million inhabitants, the social security system serves 
27% of the total population (1.7 million), covering 67% of the adult  and 12% of senior citizens; In San Salvador, 
capital of the country, the movement disorders clinic of the Salvadoran Social Security Institute has been formed for 
3 years and is the national reference center for all movement disorders. 
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Currently in the country there are no epidemiological studies on incidence or prevalence of Parkinson's disease and 
parkinsonism, so the review of the cases treated in this clinic can serve as an approximation to the national reality. 
Methods: Retrospective review of the consultation registry of patients seen from January to December 2017 for the 
first time or follow-up visit with a diagnosis of Parkinson's disease or parkinsonism.In all cases the patients have 
been evaluated by movement disorders specialist neurologists. 
Results: From January to December 2017, 807 patients with parkinsonisms were attended. Parkinson´s disease 
represents 82.4% of all cases. Parkinsonism plus were only diagnosed in 2.6% of the cases. Secondary 
parkinsonisms represent 3.9% of patients being the most frequent the one of vascular origin (1.6%) followed by 
those with drug- induced parkinsonism(1%). 75.9% of all patients have an age between 60 to 90 years with the 
highest frequency (31.35%) between 70 to 80 years. 
Conclusions: The distribution of causes of parkinsonisms in El Salvador are similar to those reported in other 
latitudes. The data obtained are valuable for being an approximation to the epidemiology of parkinsonism in the 
country, although an important bias of the study is because of being a reference center, the concentration of cases is 
much higher than expected. 

1830 
Expenditures on pesticides and incidence of Parkinson’s disease in French farmers: a nationwide study 
L. Perrin, J. Spinosi, L. Chaperon, S. Kab, F. Moisan, A. Elbaz (Villejuif Cedex, France) 
Objective: We examined the association between expenditures on pesticides for several agricultural activities and 
incidence of Parkinson’s disease (PD) in French farmers. 
Background: Epidemiological studies have shown an association between professional pesticide exposure and PD. 
Most of these studies included few exposed subjects, were based on self-reported exposure, did not take into account 
the target of pesticides, and enrolled prevalent cases. 
Methods: We identified incident PD cases (2010-2015) in small agricultural French regions (cantons, n=3571) 
among farmers enrolled in the French health insurance for agricultural workers and related occupations using a 
validated algorithm based on drug claims databases [1]. Annual expenditures on pesticides per hectare according to 
the main agricultural activity (n=9) and geographic region (n=22) of farms came from a survey carried out by the 
French ministry of agriculture in 2000 [2[. We computed expenditures on pesticides for each agricultural activity in 
the cantons based on the area devoted to each activity, and divided these figures by the corresponding number of 
farms (2000 agricultural census). We used multilevel Poisson regression, adjusted for the density of neurologists, 
smoking rates and a deprivation index to examine the association of expenditures on pesticides (in quintiles) with 
age/sex standardized incidence ratios of PD, and to estimate incidence rate ratios (IRR) and 95% confidence 
intervals (CI). 
Results: We identified 10,282 incident cases (median number of cases per canton=2.5, range=0-23). PD incidence 
was 17.3% (95% CI = 6.9-28.7%) higher in cantons in the highest quintile of expenditures on pesticides for ‘other 
vineyards’ compared to cantons in the lowest quintile, with a significant linear trend (p-trend<0.001). There was no 
association with expenditures on pesticides for any other type of agriculture, including vineyards with a designation 
of origin (p-trend=0.865) [figure1]. 
Conclusions: PD incidence was higher in regions with more expenditures on pesticides for ‘other vineyards’ but not 
for ‘vineyards with a designation of origin’. A possible explanation is that pesticides use (products, application 
method, protection, …) differs in the two types of vineyards. Additional studies are needed in farmers in vineyards 
in whom preventive measures could help reduce exposure. 
References: 1- Moisan F, Gourlet V, Mazurie JL, Dupupet JL, Houssinot J, Goldberg M, Imbernon E, Tzourio C, 
Elbaz A. Prediction model of Parkinson's disease based on antiparkinsonian drug claims. Am J Epidemiol 
2011;174:354-363 2- Réseau d’information comptable agricole (RICA) : http://agreste.agriculture.gouv.fr/_rica-
france-microdonnees/article/rica-france-microdonnees 
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1831 
Number of people with Parkinson’s dementia in New Zealand 
T. Pitcher, D. Myall, J. Dalrymple-Alford, M. MacAskill, T. Anderson (Christchurch, New Zealand) 
Objective: To estimate the number of people with Parkinson’s disease dementia (PDD) in New Zealand and how 
this has changed over time. 
Background: People with Parkinson’s often develop dementia. Cognitive impairment and dementia represent 
disease stages with increased caregiver burden. Many with dementia require care in residential care facilities, the 
cost of which is subsidized in New Zealand, thus, PDD represents an economic cost to the state. Having a robust 
method to estimate the number of people with PDD would help in the planning for healthcare and support services 
for people with PDD and Parkinson’s in general. 
Methods: A hierarchical Bayesian survival model that, given a Parkinson’s diagnosis, estimated the probability of 
PDD by age and sex was developed from a convenience sample of 328 people with Parkinson’s. This cohort has 
been followed longitudinally with detailed cognitive assessments for up to 10 years, resulting in over 1000 
assessments and 95 people classified as having dementia. Using pharmaco-epidemiological methods calibrated 
through known diagnoses, we have previously determined the number of people with Parkinson’s disease in New 
Zealand by age and sex from 2006 to 2017. By then multiplying each age-sex group count by the matching PDD 
probability we were able to estimate the number of people with PDD in New Zealand. 
Results: We estimated the number of people with PDD in New Zealand to have increased from 2360 (95% 
uncertainty interval [1800, 2760]) in 2006 to 3400 [2570, 3970] in 2017. This indicates that the prevalence of 
dementia within the Parkinson’s population is 32% [25%, 36%]. The mean age of those with PDD was 83 years. 
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Conclusions: This is the first nationwide estimate of the number of people in New Zealand living with PDD.  We 
have previously predicted a doubling of the number of people with Parkinson’s in New Zealand by 2040, thus, we 
expect the number of people with PDD to concomitantly increase in the coming decades. 

1832 

Withdrawn 

1833 
Prevalence of Parkinson’s disease in a district of central highlands of Peru: Preliminary report 
E. Sarapura-Castro, K. Milla-Neyra, S. Montano, I. Mata, M. Inca-Martinez, J. Rios-Pinto, C. Cosentino, P. 
Mazzetti, M. Cornejo-Olivas (Lima, Peru) 
Objective: To  determine the prevalence of Parkinson disease in a district of central highlands of Peru 
Background: The overall  prevalence of PD among adults worldwide is ~0.3%. However, prevalence rates differ 
across regions, depending on sociodemographic factors, environment-gene interactions and 
methodological  prevalence approaches. Jauja is located at central highlands in Peru mostly occupied by admixed 
(hispanic and Amerindian) population mostly dedicated to farming, trading and mining. 
Methods: A two-phase community-based study was conducted in  Jauja district. During phase 1, a face-to-face 
survey was administered by 10 trained interviewers. The screening questionnaire included an open-ended question: 
“Do you know someone who has Parkinson's disease?”, and a 9-item Screening questionnaire (9-item SQ) to select 
cases with parkinsonism (3), if answer “yes” to any of the questions the individual was selected for phase 2. During 
phase 2, positive individuals were examined by two neurologists with expertise on movement disorders for 
diagnosis of PD according with the United Kingdom PD Society Brain Bank diagnostic criteria. those diagnosed 
with PD were asked to complete a comprehensive PD questionnaire, as well as a pesticide exposure questionnaire, 
when applicable. 
Results: From April 2018 to february 2019  we enrolled a total of 1734 individuals that completed the screening 
survey, 534 of them were selected for phase 2. We have been completed  phase-2 neurological examination on 140 
individuals (39.5%). Among 140 examined individuals, we have identified 19 subjects that fulfill the Brain Bank PD 
criteria (Table 1); 15 cases through the 9-item SQ survey and 4 through the open-ended question. We identified 11 
cases with known diagnosis, 8 de-novo cases and 2 early onset cases. A total of 6/19 (32%) cases declared having 
positive PD family history. Preliminary data thus far suggest a minimum PD prevalence of 0.86% (15/1734) in 
residents ≥18 years (1% if considering the 4 PD cases identified through the open question).  Fifteen of them lived 
near farming fields, but only six reported to be farmers and had used pesticides. 
Conclusions: Preliminary results suggest that the PD prevalence in the district of Jauja is higher than expected.  A 
conjunction of environmental factors, including farming habits might be modifying PD prevalence. Further studies 
addressing PD-related environmental and genetic factors are required. 
References: 1. de Lau LML, Breteler MMB. Epidemiology of Parkinson’s disease. Lancet Neurol. 2006;5(6):525-
35. 2. Pringsheim T, Jette N, Frolkis A, Steeves TDL. The prevalence of Parkinson’s disease: a systematic review 
and meta-analysis. Mov Disord Off J Mov Disord Soc. 2014;29(13):1583-90 3. Sevillano MD, de Pedro-Cuesta J, 
Duarte J, Clavería LE. Field validation of a method for population screening of parkinsonism. Mov Disord Off J 
Mov Disord Soc. 2002;17(2):258-64. 
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1834 
Clinical and epidemiological data on Parkinson’s disease in older adults: experience of a single Italian centre 
T. Schirinzi, G. Di Lazzaro, M. Pierantozzi, A. Stefani, N. Mercuri, A. Pisani (Rome, Italy) 
Objective: To provide descriptive data on clinical features and therapy of older patients with PD (OPD) from an 
Italian single centre. 
Background: The incidence of neurodegenerative diseases, such as Parkinson’s disease (PD), is expected to 
increase significantly in the next future, with relevant socio-economic implications. OPD represent a category of 
extreme frailty, presenting higher burden of comorbidities, multiple therapies and different sensitivity to 
medications. Despite the relevance of this matter, clinical-epidemiological studies lack, although they are essential 
to drive public health’s choices. 
Methods: This cross-sectional study retrospectively evaluated over a 7 years long period a group of OPD patients 
afferent to Tor Vergata University Hospital (Rome, Italy) that at last visit was older than 75 years. Data on age, sex, 
disease duration, Hoehn and Yahr (H&Y) score, presence of depression, cognitive decline, hallucinations, levodopa 
induced dyskinesia (LID) and current therapy were collected. Descriptive statistics, parametric test and regression 
analysis were performed. 
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Results: 916 PD patients were reviewed and 240 case have been included in the study (61%male) with a mean±SD 
H&Y score = 2.23±1. Prevalence of depression, cognitive decline, hallucinations and LID were calculated, resulting 
LID significantly more frequent in male.  The mean±SD levodopa equivalent dose (LED) was 713±358 mg/day. 
Levodopa (LD) was the largest used medication (>95% of population); dopamine agonists (DA) were administrated 
in 39.3% and MAO inhibitors (IMAO) in 28.5%. Frequencies of either mono-/multiple therapies or single 
medication from DA and IMAO groups were calculated together with concomitant other therapies. No significant 
associations emerged between different therapeutic regimens and clinical complications. 
Conclusions: This study provides preliminary clinical-epidemiological data on Italian OPD. Of interest, they may 
constitute the background for future interventions aimed at improving the health status of a rapidly growing frail 
patient category. 

1835 
Knowledge, Attitude and Practices about Movement Disorders in India 
B. Shetty, S. Mittal, P. Kukkle (Bangalore, India) 
Objective: To understand the Knowledge about various Movement Disorders (MD) in general public and in various 
Movement Disorder Patients subgroups 
Background: The incidence of movement disorders (MD)has been increasing over the years, however, 
understanding about the same in various population subgroups is unknown. 
Methods: An electronic based standard questionnaire was used to understand the awareness about the MD.  The 
questionnaire was divided into various sections to specifically target general public, health care professionals, newly 
diagnosed Parkinson’s disease patients(<1yr), Parkinson’s disease patients already on treatment and other MD 
patients.  Subjects were asked specific questions in each subsection to understand their awareness about the 
disorders, and treatment options. 
Results: In total 121 subjects (M:F-67:53) responded to the questionnaire. 96.6% of the subjects had some formal 
education. In relation to the general awareness about MD, only 48% could recognize that ‘Tremors disorders’ are 
treated by the MD sub-specialist and 46.8% could recognize other MD. In relation to understanding of therapeutic 
options, 52.6% respondents were not aware of the use of botulinum toxin by MDS. Most of the newly diagnosed PD 
(83.3%) were aware that quality of life can be improved with treatment and about 70% acknowledging the 
awareness of non-motor symptoms in PD. However, majority of them (71.4%) did not know about DBS.  In relation 
to PD patients, who were on regular treatment for more than a year, good compliance of medications was noted in 
72.2% of patients with acknowledgment of progression as explained in their initial consults. 82.3% of patients 
informed a subjective feel of more than 50% improvement in symptoms. Even in this subgroup only 16.7% 
acknowledged that DBS is an important therapeutic option during the course of PD though most of them didn’t 
know when the best time for the surgery is.  In patients with non-Parkinsonism MD, half of them were not aware of 
their working diagnosis but felt satisfactorily improved with therapy. 
Conclusions: Awareness about various MD is varied in different subpopulations and even among the patients who 
are on regular follow up, the awareness about the treatment and diagnosis was limited.   The above study shows that 
there is dire need to have different modes of counselling and repeated counselling for patients to make sure that they 
are in-sync with prognosis and treatment options. 

1836 
Comparison of Dementia Patients With and Without Parkinson’s Disease Before Dementia-related Psychosis 
Occurs: An Administrative Claims Data Analysis 
A. Shim, B. Skoog, V. Abler, N. Rashid, R. Halpern, E. Koep, M. Frazer (San Diego, CA, USA) 
Objective: Describe and compare patients with evidence of dementia-related psychosis diagnosed with Parkinson’s 
disease with dementia (PDD) versus patients with dementia but no Parkinson’s disease diagnosis (NPD). 
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Background: Patients with Parkinson’s disease (PD) often develop comorbid dementia (1), and approximately 50% 
of PD patients develop psychosis (2). Little is known about the characteristics and healthcare use of patients with 
PD, dementia, and psychosis, or how PD may affect use of healthcare resources. 
Methods: This claims-data analysis examined commercial and Medicare Advantage enrollees aged ≥40 years with 
evidence of dementia-related psychosis from 01Jan2009–31Mar2017. The first observed indicator of psychosis (≥2 
diagnoses or antipsychotic fill) co-occurring or following evidence of dementia (≥2 diagnoses or pharmacy fill) was 
the index date. Continuous insurance enrollment was required from 12 months prior to dementia through 12 months 
post-index. Cohorts were based on presence/absence of PDD, defined from ≥1 claim for PD plus unspecified 
dementia or dementia due to a medical condition. Patient characteristics, health care utilization, and costs were 
measured in the year before the index date. 
Results: Of 12,047 dementia patients identified, 311 had ≥1 claim with PDD (2.6%). PDD patients averaged 
slightly younger (79 years [SD=7]) than NPD patients (80 [7]; p=0.049), and a higher percentage were male (58.8% 
vs. 33.0%; p<0.001). Significantly higher (p<0.05) percentages of PDD patients had ≥1 diagnosis in 13 of the top 21 
comorbid conditions, including diseases of the heart, back, skin, urinary, and gastrointestinal systems. Higher 
percentages of PDD patients had outpatient (88.4% vs. 69.8%) and ER visits (61.1% vs. 48.8%) and inpatient stays 
(34.4% vs. 27.2%; all p<0.01) than NPD patients. Mean visit counts were higher for office (13.2 [11.8] vs. 10.3 
[11.2]) and ER visits (1.5 [2.4] vs. 1.1 [2.3]) and inpatient stays (0.50 [0.87] vs. 0.39 [0.78]; all p<0.05). Mean all-
cause healthcare costs for PDD patients were significantly higher for all categories of medical services except for 
costs due to inpatient stays (total medical=$13,593 vs. $10,397; p<0.001); mean pharmacy costs were similar 
between cohorts. 
Conclusions: PDD patients had higher disease burden, use of medical services, and medical care costs than NPD 
patients in the year before psychosis occurred. 
References: 1. Mantri S, Fullard M, Gray SL. Patterns of dementia treatment and frank prescribing errors in older 
adults with Parkinson disease. JAMA Neurol 2019;76(1):41–49. 2. Forsaa EB, Larsen JP, Wentzel-Larsen T, et al. A 
12-year population-based study of psychosis in Parkinson disease. Arch Neurol 2010;67(8):996–1001. 

1837 
Study of Epidemiological Risk Factors in a Male-Only North Indian Parkinson's Cohort 
K. Shukla, N. Sawal (Chandigarh, India) 
Objective: To study epidemiological factors contributing to the incidence of Parkinson’s disease at a tertiary care 
hospital in North India. 
Background: Pathogenesis of Parkinson’s disease implicates both genetic and environmental factors. Role of 
environmental factors is unclear in studies implicating a myriad of factors with inconsistency. 
Methods: 108 Patients in a Parkinson’s disease registry at a tertiary care hospital in North India were evaluated 
against a group of 91 controls. Only male patients and controls selected. Patients diagnosed using UKPDSBB and 
controls selected randomly . The various chosen parameters like occupation, rural/urban residence, smoking history 
[table1] were evaluated for level of significance. However, one of the authors noticed that there was a 
disproportionate number of patients with facial hair in the Parkinson's group and this parameter was further 
evaluated. 
Results: Vegetarian diet, manual/agricultural occupation, rural residence and presence of facial hair were 
statistically significant risk factors for Parkinson's disease[table2]. Smoking was not found to be a risk factor. 
Conclusions: This epidemiologic study revealed unconventional risk factors. This could have been because of a 
small sample size of case and control groups and larger studies may balance the variables. However we found it 
interesting that both the Amish and the Sikhs religious groups which mandate facial hair have a higher incidence of 
Parkinson’s disease. This could also be because of a taboo on smoking in both the groups. People with facial hair 
have a higher bacterial and dust load than clean shaven do and an emerging school of thought advocates that 
Parkinson’s begins in the enteric nervous system before moving upwards in a caudo-cephalic manner to involve the 
brain. Whether the “agent/protein” causing this is exogenous that enters via the nose remains highly speculative. 
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Pending our unlikely findings to be borne out or annulled by other studies , we can speculate that facial hair entraps 
the “agent/protein” which is then subsequently inhaled leading to higher incidence of Parkinson’s in those with 
facial hair. However this far-fetched hypotheses has limitations like no increase in Parkinson’s incidence in spouses 
of those with facial hair who would also be over exposed to the “agent/protein”. Larger studies can shed more light 
on this interesting finding which may just turn out to be a statistical anomaly. 
References: 1 Olanow CW, Prusiner SB. Is Parkinson's disease a prion disorder?. Proceedings of the National 
Academy of Sciences. 2009 Aug 4;106 
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1838 
Wilson's disease in Finland 
J. Sipilä, M. Hietala, V. Kaasinen (Joensuu, Finland) 
Objective: To investigate the epidemiology and clinical picture of Wilson’s disease (WD) in Finland 
Background: There are few robust studies on WD epidemiology and none at all from Finland. [1] Although the 
Finnish neuropathologist Ernst Homén was among the very first scientists to describe the condition [2] (well before 
Wilson [3]) the clinical impression is that the disease is seldom encountered by Finnish neurologists. 
Methods: All persons with a hospital admission or an outpatient visit recorded with ICD-10 code E83.0 in Finland 
in 1998-2017 were identified from mandatory national registries and data was gathered from clinical patient records. 
Results: Having covered hospital districts encompassing 66% of the Finnish population [figure 1], we identified 29 
patents (55% women) with WD of whom five had died before 31 December 2017 yielding a prevalence of 
0.68/100’000 on that date in the searched area. Annual incidence in the study period was 0.02/100,000 inhabitants. 
Notably, 28% of patients were immigrants (from Iraq, Romania, Vietnam, Germany). Mean age at diagnosis was 
19.8 years (SD 12.3, range 3-40) and age on prevalence date 31.5 years (SD 18.1, range 5-71) with no difference 
between genders for either (p=0.26 and p=0.093, respectively). Age of death was 51.3 years (SD 26.0, range 20-89). 
Neurological signs and/or symptoms were recorded at the time of diagnosis in 34% of patients (most frequently 
tremor, dysarthria, walking impairment and parkinsonism) while at least 38% had signs/symptoms attributable to 
liver disease. At least seven patients (24%) had been diagnosed symptom free as a proband’s sibling. The patients 
were almost invariably in the care of gastroenterologists or pediatricians. Penicillamine had been initiated for 17 
patients, trientine for 7 and zinc (various compounds) for 18. Liver transplantation had been performed on four 
(13%) patients. Genetic confirmation had been obtained and recorded in 52% of cases: 8 compound heterozygotes, 6 
homozygotes, 1 inaccurately described. The most common mutations were c.3886G>A (p.Asp1296Asn) and 
c.3207C>A (p.His1069GIn). One hospital district (Southwest Finland, inhabited by 9% of Finland’s population, 
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SwF in figure 1) had made 31% of the diagnoses in the country and another (Northern Ostrobothnia, inhabited by 
7% of the population, NOB in figure 1) had made another 17%. 
Conclusions: WD is very rare in Finland and usually presents with dominant hepatic signs/symptoms or is found 
when a proband’s relatives are investigated. 
References: [1] Gao J, Brackley S, Mann JP. The global prevalence of Wilson disease from next-generation 
sequencing data. Genet Med. 2018 Sep 26. doi: 10.1038/s41436-018-0309-9. [Epub ahead of print] [2] Homén EA. 
Eine eigenthümliche Familienkrankheit, unter der Form einer progressiven Dementia, mit besonderem anatomischen 
Befund. Neurologisches Centralblatt 17: 1–6, 1890 [3] Wilson K. Progressive lenticular degeneration: A familial 
nervous disease associated with cirrhosis of the liver. Brain 34: 295–509, 1912 

 

1839 
Late Onset of Parkinson’s Disease  
I. Smolentseva, N. Amosova, A. Kuzmina (Moscow, Russian Federation) 
Objective: To study the clinical manifestations of Parkinson's disease with a late onset. 
Background: Parkinson's disease (PD) is common in the elderly, the average age of its onset is 55-65 years. PD 
with a late onset is characterized by a feature of the neurodegenerative process, clinical picture, course and 
effectiveness of antiparkinsonian therapy. There are difficulties of early diagnosis in this connection. 
Methods: 250 patients with 1-2 stages of Hoehn & Yahr were examined, including 110 patients with a late onset- 
the first group (67 women and 43 men), age of onset was 71.3±4.6 years, disease duration was 3.93 ± 1.9 years. The 
second group consisted of 140 patients with the age of onset < 65 years (60 women and 80 men), age of onset was 
52.9±3.8 years, duration of the disease was 2.96 ± 1.5 years. The diagnosis of Parkinson's disease in the 1st group 
was made after 2.89 ± 1.4 years, and in the comparison group – after 1.21± 0.8 years. Research methods included 
assessment of motor and non-motor disorders by MDS-UPDRS, NMSS. The effectiveness of antiparkinsonian 
therapy, the presence of comorbidities were evaluated. 
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Results: In the 1st group the severity of motor manifestations was significantly higher than in the comparison group 
(p<0.05). There was more often akinetic-rigid syndrome, especially gait impairment and the postural-kinetic 
component of tremor prevailed. The severity of non-motor symptoms in late onset was significantly higher, 
especially cognitive impairment, orthostatic hypotension and urination disorders. Non-motor phase of PD at these 
patients significantly more often included hyposmia, apathy and behavioral disorders during the sleep in REM 
phase, and in the comparison group was anxiety, constipation, skin expressions. There were 61.5% patients with 
cardiovascular system diseases, 60% orthopedic diseases, 19.2% chronic kidney disease, 18.1% chronic lung 
diseases in the 1st group and 23.1% patients with cardiovascular system diseases in 2nd group. The effectiveness of 
prescribed antiparkinsonian therapy was lower in elderly patients. 
Conclusions: Thus, it was found that in patients with late onset of Parkinson's disease, the complexity of early 
diagnosis was associated with comorbidity, clinical onset with the gait impairment, atypical tremor, cognitive 
impairment and depressive disorders. 

1840 
Analysis of the role of known susceptibility genes of Parkinson’s disease in cancer 
P.-E. Sugier, M. Law, M. Iles, M. Meta-analysis Consortium, M. Kvaskoff, T. Truong, A. Elbaz (Saint-Aubin, 
France) 
Objective: To study the association between polymorphisms associated with the risk of Parkinson’s disease (PD) 
and several types of cancer. 
Background: The relationship between PD and cancer is complex. While the risk of cancer, in particular smoking-
related cancers, is generally reduced in Parkinson's patients, due to a lower frequency of smoking in cases than 
controls, there is an increased risk of specific cancers such as melanoma or breast cancer in some studies. The origin 
of these associations is not well known but could be partly genetic. 
Methods: We investigated the association between a polygenic risk score (PRS) of PD (1) based on 44 
polymorphisms and four cancers: breast, melanoma, prostate, ovarian. We used summary statistics from a genome-
wide association study (GWAS) of the Melanoma Meta-analysis Consortium (11,523 cases, 20,860 controls) to test 
for the association between PRS and melanoma. For other cancers, we used publicly available GWAS summary 
statistics from the Breast Cancer Association Consortium (BCAC – 62,533 cases, 60,976 controls), Prostate Cancer 
Association Group to Investigate Cancer Associated Alterations in the Genome (PRACTICAL – 79,148 cases, 
61,106 controls), and Ovarian Cancer Association Consortium (OCAC – 10,157 cases, 13,904 controls). For 
analyses based on summary statistics, the associations of the PRS with cancer were estimated using the R package 
gtx (2). 
Results: The PRS showed significant associations with two cancers out of four. An increasing number of PD risk 
alleles was associated with a higher risk of breast cancer (OR=1.06 [1.03-1.09]) and lower risk of ovarian cancer 
(OR=0.95 [0.91-0.99]). There were no significant associations for the other cancer types. 
Conclusions: These results suggest that PD susceptibility polymorphisms may display pleiotropic effects for breast 
and ovarian cancer. Further analyses are needed in order to provide insight into common mechanisms underlying 
these diseases, including LD score regression, to estimate the genetic correlation between PD and these cancers, and 
cross-phenotype meta-analysis to leverage pleiotropic polymophisms.These analyses are currently underway using 
GWAS data from the COURAGE-PD study (15,500 cases, 11,500 controls). 
References: [1] Chang D, Nalls MA, Hallgrímsdottir IB, Hunkapiller J, Van Der Brug M, Cai F, et al. A meta-
analysis of genome-wide association studies identifies 17 new Parkinson’s disease risk loci. Nat Genet. 2017; [2] 
Dastani Z, Hivert MF, Timpson N, Perry JRB, Yuan X, Scott RA, et al. Novel loci for adiponectin levels and their 
influence on type 2 diabetes and metabolic traits: A multi-ethnic meta-analysis of 45,891 individuals. PLoS Genet. 
2012;8(3). 
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1841 
The Economic Burden of Parkinson’s Disease (PD) in the United States 
C. Tanner, R. Albin, N. Dahodwala, R. Dorsey, W. Yang, L. Schmiel, I. Cintina, C. Kopil, J. Beck, J. Hamilton (San 
Francisco, CA, USA) 
Objective: To provide a comprehensive assessment of the direct and indirect medical costs of PD in the US 
Background: In addition to the debilitating symptoms of PD itself, people with PD (PWP) also experience injuries 
from falls and other comorbidities. As a result, PWP have higher medical needs, often miss work, retire early and 
require caregiver assistance. PD prevalence is predicted to increase in coming decades. Comprehensive information 
on the economic burden of PD is needed. 
Methods: Multiple data sources were used to estimate the different components of the cost of PD, including: The 
US Census population projections combined with Medicare Current Beneficiary Survey (MCBS) and the Medical 
Expenditure Panel Survey (MEPS) data; claims data from Medicare Standard Analytical File (SAF), non-acute care 
and prescription drug components from the MCBS, CDC Wonder data, average earnings data from Bureau of Labor 
Statistics, and one of the largest claims databases for the privately insured. Other indirect and non-medical cost 
components were estimated using a primary survey that was designed and implemented for this study. Costs were 
determined for an estimated 1 million Americans with PD using 2017 costs. 
Results: The estimated total medical cost attributable to PD is just over $25 billion in the US. Nearly 90% of the 
total direct medical cost of PD are borne by Medicare and its beneficiaries with PD, with inpatient and non-acute 
institutional care representing the largest shares of the total direct cost. The average per-person direct cost was 
$22,671 for the privately insured PWP <65 years of age, and $24,847 for the Medicare beneficiary population (>65 
years of age) with PD. The average indirect and non-medical cost per PWP is $18,229 for PWP alone and $24,149 
for PWP combined with unpaid care partner burden. The estimated total indirect and non-medical cost of PD is 
$25.05 billion in 2017, with $18.9 billion attributed to PWP and another $6.1 billion to unpaid care partners. 
Conclusions: This is the most comprehensive US study to date examining the overall economic burden of PD. Our 
findings underscore the significant burden of PD to society, payers, people with PD and their care partners. 

1842 
New epidemiological data of Parkinson’s Disease in Ukraine 
Y. Trufanov, N. Svyrydova, A. Galusha, V. Svistun, I. Harkava, H. Bondarenko, N. Zhhilova (Kyiv, Ukraine) 
Objective: To compare the prevalence of Parkinson’s Disease (PD) in Ukraine in 2010 and 2017; to compare the 
prevalence of PD in Ukraine with other countries. 
Background: Previous research has shown that the number of  registered cases of PD in the USA, Canada, 
countries of the European Union (Italy, Spain, Bulgaria, the UK, Estonia, Sweden), Australia and Asia countries 
(South Korea, Japan, China) ranges from 104 to 374  per 100,000  population. 
Methods: Statistical data of the Ministry of Health Protection of Ukraine was obtained to determine prevalence of 
PD. Ukraine is divided into 25 regions (oblasts), with separate data for the cities of Kyiv and Sevastopol. 
Results: Table 1 presents systematized data of reported cases of PD in all Ukrainian regions. 
As seen in table 1, the number of the registered patients with PD in Ukraine is 67.5 per 100,000. The largest number 
of the patients with PD per 100,000 in 2017 was registered in the Lviv, Vinnytsya, Cherkasy and Kyiv regions 
(137.6 / 131.5 / 105.5 / 104.0) and in the city of Kyiv (105.6). In 12 regions of Ukraine, the number of the registered 
patients was 50-100 per 100,000. In 8 regions of Ukraine, only 30-50 registered patients with PD per 100,000 was 
seen. There was no statistical data in the Autonomous Republic of Crimea and in the city of Sevastopol. [table1] 
Conclusions: The number of registered patients with PD in Ukraine increased in 2017 by 13.26% as compared to 
2010. An increasing number of registered patients with PD by 1.83% - 81.13% were seen in 20 regions of Ukraine. 
A decreasing number of registered patients with PD by 3.74% - 21.49% were seen only in 4 regions of Ukraine and 
in the city of Kyiv. The prevalence of PD in Ukraine appears to be lower than in other countries. As well, the 
number of the registered cases of PD varies significantly among regions. The low prevalence of PD in Ukraine (67.5 
PD patients per 100,000 of population) as well as a wide spectrum of values of the registered cases among Ukrainian 
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regions (from 36.9 to 137.6 PD patients per 100,000 of population) may be connected with the underdiagnosis of 
PD. 
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1843 
Annual Incidence of Parkinson's Disease in Mexico: A Report of National Public Health Institutions 
E. Velazquez-Avila, D. Martinez-Ramirez, A. Banegas-Lagos, A. Cervantes-Arriaga, K. Salinas-Barbosa, S. Isais-
Millan, M. Rodriguez-Violante (Monterrey, Mexico) 
Objective: To determine the incidence of Parkinson’s disease (PD) and to find geographic variations in Mexico. 
Background: PD is the third most prevalent neurological disease worldwide and incidence varies among studied 
populations. The reported annual incidence per 100,000 is of 17 globally,(1) 13.4 in the US,(2) 5 to 26 in Europe,(3) 
8.7 in Asia.(4) Scarce epidemiological data exists in our country. 
Methods: Observational longitudinal study to report the annual incidence of PD patients in Mexico. Data was 
obtained from the National System of Epidemiological Vigilance, which documents data from public health 
institutions, including IMSS, ISSSTE, PEMEX, DIF, SEDEMA, and SEMAR. We report the mean incidence 
documented from 2014 to 2017. 
Results: The reported incidence was of 6.7 in 2014, 9.5 in 2015, 10.3 in 2016, and 10.26 in 2017 per 100 000. The 
states with the highest reported incidence were Sinaloa with 27.43, Colima with 23.75, Durango with 19.73, 
Morelos with 18.54, and Chihuahua with 16.52 per 100 000. The states with the lowest reported incidence were 
Queretaro with 4.56, Zacatecas with 3.74, and Guanajuato with 3.22 per 100 000. The states with the highest 
incidence had a mean of 21.19 (16.52 - 27.43) compared to a mean of 8.92 (3.22 - 14.41) per 100 000 of the rest of 
the states in the country. The states with the highest incidence among patients younger than 50 years were Sinaloa 
with 9.92, Colima with 7.42, Jalisco with 6.7, Durango with 6.47 and Aguascalientes with 6.34 per 100 000. 
Conclusions: The incidence of PD in Mexico is increasing annually and is lower compared to the reported global 
incidence. We observed a geographic variation with the highest incidence in the western states of Mexico. [figure1] 
Further studies that include populations from non-public institutions are required. 
References: 1. Hirsch L, Jette N, Frolkis A, Steeves T, Pringsheim T. The Incidence of Parkinson's Disease: A 
Systematic Review and Meta-Analysis. Neuroepidemiology. 2016;46(4):292-300. 2. Van Den Eeden SK, Tanner 
CM, Bernstein AL, Fross RD, Leimpeter A, Bloch DA, et al. Incidence of Parkinson's disease: variation by age, 
gender, and race/ethnicity. Am J Epidemiol. 2003;157(11):1015-22. 3. von Campenhausen S, Bornschein B, Wick 
R, Botzel K, Sampaio C, Poewe W, et al. Prevalence and incidence of Parkinson's disease in Europe. Eur 
Neuropsychopharmacol. 2005;15(4):473-90. 4. Muangpaisan W, Hori H, Brayne C. Systematic review of the 
prevalence and incidence of Parkinson's disease in Asia. J Epidemiol. 2009;19(6):281-93. 
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1844 
Development of a Predictive Model for Progressive Supranuclear Palsy Using Real World Data 
E. Viscidi, Y. Zabar, T. Dam, M. Juneja, J. Kupferman, V. Kupelian, S. Eaton, I. Litvan, G. Hoglinger (Cambridge, 
MA, USA) 
Objective: To examine diagnoses and symptoms in progressive supranuclear palsy (PSP) patients in the 5 years 
before PSP diagnosis and to develop a model to predict PSP diagnosis among patients diagnosed with Parkinson’s 
disease (PD). 
Background: PSP is a rare neurodegenerative disorder diagnosed ~3 years from symptom onset and often preceded 
by a PD diagnosis. Early diagnosis of PSP may improve prognosis. 
Methods: PSP cases and age and gender-matched controls were identified between 2012-2017 from a US health 
insurance claims database, Truven Health MarketScan®, of >80M patients. PSP was defined as >2 ICD-10 G23.1, 
or >1 ICD-9 333.0 and >1 ICD-10 G23.1, occurring at least 27 days apart. Index date was the date of the first 
diagnostic code for PSP. The prevalence of selected diagnostic codes related to potential PSP symptoms or 
misdiagnosed disorders was examined up to 5 years pre-index date in cases and controls. Prevalence ratios (PR) and 
95% confidence intervals were computed. 
Results: Among 590 PSP patients with >=30 days of follow-up time pre-index date, 55% had a prior PD diagnosis. 
In the 3-4 years pre-index date, among 188 PSP cases, the most frequent diagnoses were gait abnormalities (29%), 
pain in joints (24%), pain in limb (18%), fatigue (16%), cerebrovascular disease (16%) and urinary disorder (16%). 
Several diagnoses were significantly more prevalent in PSP than controls including dysphagia (PR=34.3), 
Alzheimer’s disease (PR=15.2) and dementia (PR=8.3). In the 4-5 years pre-index date, among 60 PSP cases, pain 
in joints (23%), gait abnormalities (18%), fatigue (17%), cerebrovascular disease (15%) and anxiety/phobia (12%) 
were most common. Prevalence was significantly higher in PSP than controls for memory loss (PR=12.1), 
cerebrovascular disease (PR=4.5) and gait abnormalities (PR=3.7). 
Conclusions: We identified diagnoses potentially predictive of PSP as far as 5 years before diagnosis, many of 
which were significantly more frequent in PSP than controls. In future analyses, we will use these diagnoses, along 
with other data, to develop an algorithm for predicting PSP diagnosis among patients diagnosed with PD using 
diagnostic codes, medications, and terms in medical record notes in a US electronic health record (EHR) database, 
the de-identified Optum® EHR database (2007-2018). This model, based on real world data, may aid with earlier 
detection of PSP in clinical practice. 

1845 
Association of metallic air pollution with Parkinson’s disease: a French nationwide incidence study 
T. Vlaar, E. Lequy-Flahault, E. Moutengou, C. Meyer, S. Leblond, A. Elbaz, F. Moisan (Villejuif, France) 
Objective: To determine whether atmospheric deposition of 6 metal trace elements - copper (Cu), iron (Fe), 
manganese (Mn), mercury (Hg), lead (Pb), and zinc (Zn) - is associated with Parkinson’s disease (PD) incidence. 
Background: There is some evidence on the role of exposure to specific metals in PD [1]. Atmospheric metal 
deposition can be measured in mosses in non-urban areas, and has been previously associated with overall mortality 
[2], but it has not been examined in relation to neurodegenerative diseases yet. 
Methods: We used data from the BRAMM network [3] as a proxy of atmospheric exposition. Concentrations of Cu, 
Fe, Mn, Hg, Pb, and Zn were measured in moss samples at 511 sites of mainland France in 1996 (except for Hg in 
2000). We used ordinary kriging to interpolate the metal concentrations over mainland France with a 2-km 
resolution. As mosses were mostly collected in forested sites, we restricted the analysis to cantons excluding urban 
areas (small geographic units; n=3,344; mean size=160 km²). The median value of the interpolated metal 
concentrations was attributed to each canton. [Figure 1] Incident PD cases (2010-2015) were identified using a 
validated algorithm based on French national drug claims databases [4]. We used multivariable multilevel Poisson 
regression to examine the association between metal concentrations (categorized in 5 groups) and age/sex-
standardized incidence ratios of PD, and to estimate incidence rate ratios (IRR) and 95% confidence intervals (CI) 
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adjusted for neurologist density, smoking rates, a deprivation index, and pesticide expense per km². We used the 
false discovery rate to correct for multiple testing; q-values ≤0.05 are considered statistically significant. 
Results: We identified 111,378 incident cases. The median number of cases per canton was 25 (range 0–245). 
[Figure 2] PD incidence was 14% higher in cantons in the highest quintile of Cu compared to the lowest (IRR=1.14; 
CI95%=1.10-1.19) and 12% lower in cantons in the highest quintile of Pb compared to the lowest (IRR=0.88; 
CI95%=0.84-0.93). Trend tests were significant only for these metals (q-trend<0.001). [Figure 3] 
Conclusions: We observed an increased incidence of PD in non-urban areas characterized by high levels of Cu air 
pollution, in agreement with previous studies [1]. These results support the implementation of measures improving 
air quality. 
References: [1] Willis AW, Evanoff BA, Lian M, et al. Metal emissions and urban incident Parkinson disease: a 
community health study of Medicare beneficiaries by using geographic information systems. Am J Epidemiol. 2010 
172: 1357-1363. [2] Wolterbeek HT, Verburg TG. Atmospheric metal deposition in a moss data correlation study 
with mortality and disease in the Netherlands. Sci Total Environ. 2004 319: 53-64. [3] Lequy E, Saby NPA, Ilyin I, 
Bourin A, Sauvage S, Leblond S. Spatial analysis of trace elements in a moss bio-monitoring data over France by 
accounting for source, protocol and environmental parameters. Sci Total Environ. 2017 590-591: 602-610. [4] 
Moisan F, Gourlet V, Mazurie JL, et al. Prediction model of Parkinson's disease based on antiparkinsonian drug 
claims. Am J Epidemiol. 2011 174: 354-363. 
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1846 
Prevalence and clinical characteristics of Parkinson Disease in Chernivtsi Region of Ukraine 
O. Yaremchuk, I. Yaremchuk (Chernivtsi, Ukraine) 
Objective: The aim of this study was to investigate prevalence and clinical characteristics of Parkinson’s disease 
(PD) in the Chernivtsi region of Ukraine among different gender and age groups. 
Background: PD is one of the most common neurologic disorders, affecting approximately 1% of individuals older 
than 60 years and causing progressive disability that can be slowed down, but not halted by treatment. Many 
population-based studies have been performed to determine the prevalence of Parkinsonism; however, none of them 
was performed in Bukovina region of Ukraine. 
Methods: This 5-year retrospective review involved the investigation of the Register of Neurological Diseases in 
Chernivtsi region between the years 2013-2017. We used epidemiological and statistical methods of research. 
Results: According to the Register there were registered patients with: PD – 384 patients (42.3 per 100,000 
population), secondary parkinsonism – 204 (22.5), neurodegenerative disease with parkinsonism syndrome – 26 
(2.9). Among patients with PD was found 46.25% men and 53.75% – women. UPDRS index increase depends on 
age and stage of PD. Indicator of disruption of motor aspects of daily activity in older group was 2.4 times more 
than in young group. Our study showed direct correlation between age and severity of clinical manifestations. 16.2% 
of patients were treated by dopamine receptor antagonists, 21.8% of patients - by levodopa, 13.3% - by cholinolytics 
drugs, 10.5% - by amantadine, 38.2% by combination of two or more antiparkinson drugs. 
Conclusions: By means of our research PD is more frequent among women. The most frequent age is between 60 
and 74 years old. The majority of patients in the first examination already had Hoehn and Yahr Stage 2.0. Probably 
this is the consequence of inadequate awareness about early peculiarities of parkinsonism among population. 
References: 1. Alves G., Forsa E. B., Pedersen K. F., Dreetz Gjerstad M., Larsen J. P. Epidemiology of Parkinson’s 
disease. Journal of Neurology. September 2008, V. 255, Suppl. 5. 18-32. 2. Elbaz A., Carcaillon L., Kab S. Moisan 
F. Epidemiology of Parkinson’s disease. Revue neurologique. 172 (2016). 14- 26. 3. Jankovic J. Parkinson’s 
disease: clinical features and diagnosis. J.Neurol. Neurosurg. Psychiatry. 2008. 79. 368-376. 

This article is protected by copyright. All rights reserved.



1847 
Gamma-glutamyltransferase and the risk of Parkinson’s disease: A National Health Service big data analysis 
D. Yoo, R. Kim, E. Jung, K. Han, C. Shin, J. Lee (Seoul, Republic of Korea) 
Objective: To evaluate the impact of serum gamma-glutamyltransferase (GGT) on the risk of Parkinson’s disease 
(PD). 
Background: Gamma-glutamyltransferase (GGT) majorly resides in the membrane of hepatocytes and plays a role 
as a marker of alcoholic liver disease. Recently, the serum level of GGT is also reported to be associated with 
vascular and non-vascular diseases including ischemic heart disease, stroke, metabolic syndrome, or dementia. As 
GGT catalyzes the transfer of glutamyl residue from glutathione to an amino acid, it could be correlated with 
oxidative stress and neurodegenerative disease. To investigate the relationship between serum GGT level and the 
risk of Parkinson’s disease (PD), we analyzed a longitudinal follow-up data of the Korean nationwide cohort from 
the National Health Insurance Service (NHIS) database. 
Methods: From the National Health Insurance Service (NHIS) database, we collected information for individuals 
aged above 40 years and underwent national health check-up program in 2009. Among the total 6,892,098 
population, we excluded individuals with heavy alcohol drinking, hepatobiliary and pancreatic disorders, and 
previous history of PD. We traced them for incident PD until December 31, 2016, and estimated hazard ratios (HR) 
for PD by applying Cox proportional hazard models with adjustment for age, sex, income, body mass index, 
smoking, alcohol drinking, and exercise. To investigate the possible risk modification by the effects of obesity and 
metabolic syndrome, we additionally analyzed the influence of GGT by either of them separately. 
Results: A total of 6,098,405 individuals were finally included and incident PD was noted in 20,895 (0.34%) cases 
(9,512 men and 11,383 women). High GGT exerted sex-difference effect on PD risk; adjusted HR = 0.72 (0.67 - 
0.76) in men and adjusted HR = 1.30 (1.23 - 1.37) in women when compared to lower GGT. Obesity and metabolic 
syndrome increased PD risk in both sexes. There was no interaction between GGT and either of two factors in men 
and between GGT and metabolic syndrome in women. However, there was an interaction between serum GGT and 
obesity for which both increased PD risk by the subadditive manner in women. 
Conclusions: Serum GGT may have a significant but sex-different effect on the risk of PD. 

 

Neuroimaging 

1848 
Midbrain Atrophy in Patients with Preclinical Progressive Supranuclear Palsy 
J.H. Ahn, M. Kim, J. Youn, J.S. Kim, J.K. Mun, P.H. Lee, S.B. Koh, T.B. Ahn, J.W. Cho (Seoul, Republic of Korea) 
Objective: In the present study, midbrain atrophy and the pons-to-midbrain area ratio (P/M ratio) were investigated 
as diagnostic markers for preclinical progressive supranuclear palsy (Pre-PSP). 
Background: Midbrain atrophy is a characteristic feature of PSP and conventional brain MRI is a useful tool to 
determine midbrain atrophy. The midbrain area and the pons-to-midbrain area ratio (P/M ratio), measured based on 
the midsagittal plane of brain MRI, are considered neuroimaging diagnostic and progression biomarkers for PSP. 
Methods: The present study included 22 patients with probable PSP who underwent brain MRI at least twice before 
and after development of clinical symptoms, age- and sex-matched participants with Parkinson’s disease (PD, n = 
22), and healthy controls (n = 22). The midbrain area, pons area, and P/M ratio of Pre-PSP, PD and controls were 
measured based on the midsagittal image of brain MRI and the parameters compared among the groups. 
Results: The midbrain area and P/M ratio increased more in the Pre-PSP patients than PD or controls (midbrain, 
Pre-PSP vs. PD = 0.98 cm2 vs. 1.29 cm2, p < 0.001, Pre-PSP vs. controls = 0.98 cm2 vs. 1.30 cm2, p < 0.001; P/M 
ratio, Pre-PSP vs. PD = 5.42 vs. 4.10, p < 0.001, Pre-PSP vs. controls = 5.42 cm2 vs. 4.10 cm2, p < 0.001). P/M 
ratio had high sensitivity (vs. PD, 95.5%, vs. control 72.7%) and specificity (vs. PD, 95.5%, vs. control 100%) to 
differentiate Pre-PSP from PD or control. 
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Conclusions: Midbrain atrophy precedes the clinical symptoms of PSP and could be useful as a diagnostic imaging 
biomarker for Pre-PSP and may play an important role in the development of future treatment strategies as well as 
early diagnosis. 
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1850 
Peculiarities of the indicators of MR-diffusion in children's cerebral palsy with symptomatic epilepsy 
k. aminov (tashkent, Uzbekistan) 
Objective: The purpose of the study was to determine the characteristics of the indicators of MR diffusion in 
children with symptomatic epilepsy with cerebral palsy. 
Background: Child Cerebral palsy (CP) and epilepsy are among the most disabling diseases in children's neurology. 
Methods: The study was based on the results of a survey of 54 children with symptomatic epilepsy in cerebral palsy 
at the age of 1–11 years. All patients underwent conventional clinical and neurological examination, with the 
inclusion of routine MRI. Of the 54 patients examined, 26 patients underwent MR diffusion, this category of 
children constituted the main group. 
Results: When studying this indicator in children with symptomatic epilepsy on the background of cerebral palsy, 
we found a significant decrease in this indicator in the fronto-temporal region (P <0.01). To assess the results of 
MRI diffusion is also used the average diffusion coefficient (ADC), in children with symptomatic epilepsy with 
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cerebral palsy, a significant increase in this indicator was observed in all the studied zones (P <0.01). Thus, in 
children with symptomatic epilepsy on the background of cerebral palsy, there is a significant increase ADC in the 
background of decreased FA in the frontotemporal lobe. 
Conclusions: The obtained results prove that the MR diffusion of children with this pathology makes it possible to 
identify structural disorders of the brain. Proved an imbalance of neurogenesis in these children, which is 
characterized by a significant increase in the average diffusion capacity of the brain against a decrease in fractional 
anisotropy in the frontal-temporal lobe, which indicates the permeability of the myelin sheath. 

1851 
Functional magnetic-resonant imaging in child cerebral palsy with epilepsy 
d. aminova, k. aminov (tashkent, Uzbekistan) 
Objective: the purpose of the study was to evaluate the possibilities of functional MRI in children with cerebral 
palsy in epilepsy. 
Background: Magnetic resonance spectroscopy (MR-spectroscopy) makes it possible to non-invasively obtain 
information about metabolic changes in the brain. By comparing the relative concentrations of metabolites in the 
studied areas of the brain, it is possible to assess the viability and energy metabolism of the nervous tissue, 
proliferation and destruction of cell membranes, necrotic transformation of the brain. 
Methods: We analyzed the data of MRI studies among 60 children with symptomatic epilepsy with cerebral 
palsy,  The age of children ranged from 1 to 18 years. For the quantitative and qualitative analysis of the peaks of 
the main metabolites such as N-acetyl aspartate (NAA), creatinine (Cr), choline (Cho), lactate (Lac) was carried out 
in various areas of interest. To interpret the MR spectroscopy, metabolites were evaluated quantitatively and 
qualitatively. 
Results: During spectral analysis (frontal and temporal lobes), the following changes in the peaks of the main 
metabolites were established. A marked increase in choline level was noted with a moderate decrease in the 
concentration of N-acetyaspartate (NAA) and a decrease in the concentration ratio NAA / Cho to 0.45. Creatinine 
concentration remained within the normal range. They also determined a pronounced increase in the concentration 
of myo-inositol, with an increase in the ratio of ml / Cr to 0.65. N-acetyaspartate (NAA) has a higher concentration 
in the cortex of the hemispheres and the basal nuclei compared with the white matter. 
Conclusions: Thus, 1H-MR spectroscopy provides fundamentally new metabolic information on the state of the 
white matter of the brain, in addition to the anatomical information obtained in a standard MR study.  A 
comprehensive study of the structural and functional methods of neuroimaging allows physicians to non-invasively 
identify and identify microstructural disorders at the metabolic level that may be associated with epileptogenesis in 
child cerebral palsy. 

1853 
Relationship between serum uric acid and the pattern of striatal dopamine depletion in De Novo Parkinson’s 
disease 
K. Baik, Y. Lee, S. Chung, H. Yoo, J. Jung, P. Lee (Seoul, Republic of Korea) 
Objective: To investigate the relationship between serum uric acid (UA) and the pattern of striatal dopamine 
depletion in drug naïve Parkinson’s disease (PD). 
Background: UA is known as an antioxidant and many studies suggest that UA could have a neuroprotective effect 
in PD. Epidemiological studies showed low UA concentration may increase the risk of PD. Also, longitudinal 
studies demonstrated an inverse association between UA and PD progression. 
Methods: 170 patients with drug naïve PD who underwent 18F-FP-CIT PET scans were enrolled. We quantified 
dopamine transporter (DAT) availability in 12 striatal subregions. The patterns of striatal dopamine depletion of 
each patient were assessed by (1) DAT uptake of posterior putamen (PP) in more affected side, (2) Inter-subregional 
ratio (ISR) which was calculated by following formula: (Striatal DAT uptake in more affected side - PP in more 
affected side)/PP in more affected side, (3) PP in less affected side to PP in more affected side ratio (Asymmetric 
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ratio [AR]). Serum UA was checked at first visit to Movement clinic. Since UA differs between genders, the UA 
level was stratified into tertile in both male and female group separately: High level (H, UA > 5.6mg/dL), 
intermediate level (I, 4.5 ≤ UA  ≤ 5.6 mg/dL), low level (L, UA < 4.5 mg/dL) in male and H (UA > 4.6mg/dL), I 
(3.6 ≤ UA ≤ 4.6 mg/dL), L (UA < 3.6mg/dL) in female. Correlation analysis about UA in all patients and ANCOVA 
in female and male groups respectively were done. 
Results: The average age of 170 patients was 69.3±9.82 years old, disease duration was 1.81±1.95 years and ratio of 
male and female was 85:85. Mean of initial UA was 4.77±1.29 mg/dL. Distributions of patients in three UA groups 
were L:I:H 21:29:35 in male and 22:31:32 in female group. Correlation analysis about serum UA showed significant 
result only with gender (Pearson correlation coefficient -0.357, p<0.01). In ANCOVA, H in male group showed low 
ISR (p<0.007) and high PP in affected side (p<0.031). But, there was no significant difference in AR and DAT 
uptake in more affected striatum. There was no significant result in female group. 
Conclusions: The present data demonstrated that male patients with high level of initial UA exhibited a low 
anterior-posterior gradient in DAT availability with relatively preserved DAT uptake in the PP, suggesting gender-
specific effect of uric acid on striatal DAT availability. 

1854 
Incidental iron deposition in basal ganglia: does the pattern matter? Fifteen years’ experience in a tertiary 
care center. 
Á. Beltrán Corbellini, P. Pérez Torre, A. Alonso Cánovas, F. Rodríguez Jorge, J.L. Chico García, P. Parra Díaz, E. 
Natera Villalba, A. Gómez López, S. Fanjul Arbos, J.L. López Sendón, J.C. Martínez Castrillo, I. Parées Moreno 
(Madrid, Spain) 
Objective: We describe our series of patients with iron deposition in basal ganglia (IDBG) and hypothesize 
differences regarding the affected nuclei in patients with movement disorders (MD). 
Background: IDBG has been associated both with normal aging and neurodegenerative disorders such as 
parkinsonian syndromes [1]. In this context, it remains unclear whether it implies a pathological significance when 
found in neuroimaging studies arranged in routine medical practice [2, 3, 4] 
Methods: We designed a retrospective cross-sectional study including patients with IDBG evidenced in magnetic 
resonance imaging (MRI) along a fifteen years’ period in a tertiary care center. 
Results: Twenty-five patients were reported to present IDBG in MRI. Fifty-six per cent was diagnosed with entities 
within the spectrum of MD (Parkinson’s disease and progressive supranuclear palsy as most frequent, 21,4 % each), 
whereas 44 % had non-MD diagnosis (stroke as most frequent, 36,4 %) [figure 1]. Mean age was similar in both 
groups (67,7 and 66,7 years respectively). Caudate nucleus was significantly more affected among patients with MD 
(p=0,04) and similar non-significant trends were observed for putamen and substantia nigra. Pallidus was similarly 
affected in both groups [figure 2]. Each MD diagnosis and specific clinical manifestations at first consultation were 
correlated with a particular pattern of affected basal ganglia [figure 3], being consistent with the reviewed literature. 
Conclusions: Incidental IDBD could have different patterns of nuclei involvement in MD vs non MD patients, as 
our series illustrates. Pathological significance of IDBG still remains unclear and further investigation is needed in 
order to clarify neuroimaging criteria and its clinical implications. 
References: 1.- Berg D, Hochstrasser H. Iron metabolism in Parkinsonian syndromes. Mov Disord. 2006 
Sep;21(9):1299-310. 2.- Rossi M, Ruottinen H, Soimakallio S, Elovaara I, Dastidar P. Clinical MRI 
for iron detection in Parkinson's disease. Clin Imaging. 2013 Jul-Aug;37(4):631-6. 3.- Hingwala DR, Kesavadas C, 
Thomas B, Kapilamoorthy TR. Susceptibility weighted imaging in the evaluation of movement disorders. Clin 
Radiol. 2013 Jun;68(6):e338-48. 4.- Graham JM, Paley MN, Grünewald RA, Hoggard N, Griffiths PD. 
Brain iron deposition in Parkinson's disease imaged using the PRIME magnetic resonance sequence. Brain 2000 
Dec;123 Pt 12:2423-31. 

This article is protected by copyright. All rights reserved.



  

  

1855 
Caudal posterior substantia nigra iron increases longitudinally in Parkinson’s disease 
N. Bergsland, R. Zivadinov, F. Schweser, J. Hagemeier, D. Lichter, T. Guttuso, Jr. (Buffalo, NY, USA) 
Objective: To investigate spatial patterns and temporal evolution of substantia nigra (SN) iron accumulation in 
Parkinson’s disease (PD) using quantitative susceptibility mapping (QSM), an indirect marker of iron content. 
Background: PD is characterized in part by the progressive accumulation of iron within the SN [1] however, its 
spatial and temporal dynamics remain relatively poorly understood. Previous studies using diffusion tensor imaging 
SN assessments in PD have shown the more caudal SN, mostly inferior to the red nucleus (RN), to be the most 
sensitive location to detect both cross-sectional and longitudinal changes [2, 3]. However, rostral/caudal differences 
in SN iron in PD have not been extensively examined. 
Methods: Eighteen PD patients (mean disease duration = 7.1 years), receiving dopaminergic therapy, and 16 
healthy controls (HC) were scanned with 3T MRI at baseline and 3 years later using QSM [table1]. Iron was 
assessed separately in the posterior (pSN) and anterior (aSN) at rostral and caudal levels of the SN. Two consecutive 
slices were selected rostrally, where the RN was most prominently visible, defined as the portion of the SN 
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“adjacent to the RN”. Next, two consecutive slices were chosen just caudal to where the RN was either barely or no 
longer visible, defined as the portion of the SN “caudal to the RN”.  pSN and aSN regions were defined in both 
rostral and caudal levels by splitting the original SN ROI at the midway point along the anterior-posterior axis 
[figure1]. ROIs were drawn blinded to clinical, demographic and time point information. P-values were corrected 
for the false discovery rate. 
Results: A significant group effect was found for the caudal pSN (p < 0.001) and aSN (p = 0.042) QSM as well as 
significant group x time interaction effects (p = 0.02 and p = 0.043, respectively [table2] [figure2]  [figure3]. A 
significant intra-group change over 3 years of follow-up was found only in the caudal pSN of PD (p = 0.012) but not 
HC. No significant effects were detected for any rostral SN measures. No associations were identified with clinical 
measures. 
Conclusions: We found both cross-sectional and longitudinal SN iron changes to be confined to its more caudal 
location in PD. Because pathology studies also show the caudal SN to degenerate early and to the greatest extent in 
PD [4], assessment of iron levels by QSM in this area may potentially represent a disease progression biomarker in 
PD. 
References: 1. Sofic E, Paulus W, Jellinger K, Riederer P, Youdim MB. Selective increase of iron in substantia 
nigra zona compacta of parkinsonian brains. J Neurochem. 1991;56(3):978-82. 2. Ofori E, Krismer F, Burciu RG, 
Pasternak O, McCracken JL, Lewis MM, et al. Free water improves detection of changes in the substantia nigra in 
parkinsonism: A multisite study. Mov Disord. 2017;32(10):1457-64. 3. Ofori E, Pasternak O, Planetta PJ, Li H, 
Burciu RG, Snyder AF, et al. Longitudinal changes in free-water within the substantia nigra of Parkinson's disease. 
Brain. 2015;138(Pt 8):2322-31. 4. Damier P, Hirsch EC, Agid Y, Graybiel AM. The substantia nigra of the human 
brain. II. Patterns of loss of dopamine-containing neurons in Parkinson's disease. Brain. 1999;122 ( Pt 8):1437-48. 
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1856 
The radiofrequency (RF)-induced heating profile of an externalized, directional DBS lead using functional 
imaging sequences in an Intraoperative Magnetic Resonance Imaging Suite (IMRIS) 
P. Bhattacharyya, S. Jones, M. Lowe, M. Deblock, A. Machado, K. Baker (Cleveland, OH, USA) 
Objective: To characterize the RF-induced heating profile of the St. Jude Infinity lead within an IMRIS using a 
configuration that emulates intraoperative functional MRI during stimulation through a temporarily externalized 
DBS lead. 
Background: Functional MRI is a powerful tool with the potential to further reveal the mechanistic underpinnings 
of both the efficacy and side-effects of DBS. Unfortunately, MRI-related RF-induced heating remains a major safety 
concern and careful magnet-specific testing is necessary prior to clinical studies. 
Methods: Testing was conducted in accordance with ASTM standards using a 1.5T Siemens Espree (Erlangen, 
Germany) integrated IMRIS (Winnipeg, Manitoba, Canada) with a TxRx head coil. The leads (model 1331) were 
secured within a polyacrylic, gel-filled container that approximated a patient’s head and torso, which was oriented to 
emulate surgical positioning. Two lead configurations were evaluated (straight versus looped), with three fluoroptic 
sensors (model m3300, Luxtron, CA, USA) used to record temperature. Four sequences were used: 1) 3-plane scout 
localizer; 2) Transverse Fast Low Angle Shot (FLASH); 3) Coronal T2-weighted TSE; and 4) 2d GE EPI. The T2 
served as a high-RF control and was not intended for patient use. During the EPI, the lead’s proximal end was 
connected via a long, shielded cable to a copper Faraday cage in the control room. There, an Infinity IPG, gated by a 
scanner-triggered, custom Arduino-based device was used to deliver stimulation (0.5 or 4.0mA; 90 µs, & 130 Hz). 
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Results: Figure 1 [Figure 1] shows temperature changes recorded for the EPI and T2 sequences. As anticipated, the 
RF-intense T2 (head exposure: 1.3 W/kg) resulted in a marked temperature rise (> 5 deg. C), while the low-powered 
(0.1 W/kg) yielded no discernible temperature change under any condition (i.e., lead configurations or DBS 
amplitude). 
Conclusions: Each sequence intended for use during in vivo scanning showed minimal temperature changes (<1 
deg C), supporting the safety of those sequences under the under the strict configurations applied. These data 
represent a significant step for advancing future intraoperative studies to characterize lead directionality on BOLD 
activity and further correlate those data with post-operative efficacy and side-effects. 

 

1857 
Evaluating Volume Changes in the Substantia Nigra Pars Compacta (SNc) in Parkinson’s Disease (PD) in a 
Study-Specific Magnetic Resonance Imaging (MRI) Template 
E. Biondetti, R. Gaurav, L. Yahia-Cherif, G. Mangone, N. Pyatigorskaya, R. Valabregue, C. Ewenczyk, M. 
Hutchison, J.C. Corvol, M.J. Vidailhet, S. Lehéricy (Paris, France) 
Objective: To characterize the topography of SNc involvement in PD patients using neuromelanin (NM)-sensitive 
MRI (NM-MRI). 
Background: PD is characterized by the progressive loss of dopaminergic neurons in the SNc [1]. The 
paramagnetic neuromelanin-iron complex in these neurons appears bright on NM-MRI [1]. Thus, NM-MRI enables 
assessing SNc changes in the disease. Neurodegeneration occurs nonuniformly across the SNc predominating in the 
posterior and lateral, but the 3D spatial pattern of SNc loss over time is not well characterized. Here, based on MRI 
data from 21 HCs and 29 PD patients, we investigated the spatiotemporal pattern of SNc loss in a study-specific and 
standardized imaging template. 
Methods: All subjects [table1] were scanned on a Siemens Trio MRI system using a 32-channel head coil, a whole-
brain 3D T1-weighted protocol for anatomical reference and an NM-sensitive 2D turbo spin echo protocol with 
coverage restricted to the midbrain [table2]. 
Based on the NM-MRI images and for all subjects, a region of interest (ROI) was drawn on the SN by two 
independent examiners as the hyperintense area dorsal to the cerebral peduncles and ventral to the red nuclei. 
Based on the T1-weighted images of all subjects, a template of the average brain was calculated using NiftyReg 
[2,3]. The NM images and SN ROIs of all subjects were aligned to this template. For each group, the coregistered 
SN ROIs were averaged across subjects to calculate a probability map of each voxel belonging to the SN. 
These probability maps were thresholded, binarized and used to assess SN volume changes between groups. 
Results: In patients, the probability of a voxel belonging to the SN took values across a smaller range than in HVs 
[figure1] with clusters of low probability localized in the dorsolateral SN. In patients, the SN always had a smaller 
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volume than in the HVs [table3].   
These results show quantitatively the spatial pattern of neuronal loss, which has been qualitatively observed to 
progress from the dorsolateral SNc to more ventral and medial areas of the SN with the progression of disease [1]. 
Conclusions: Study-specific NM-MRI templates enable noninvasive assessment of spatiotemporal patterns of SN 
neuronal loss in PD patients vs. HCs. In drug trials, this information could help develop biomarkers of PD 
progression and modification. 
References: 1. Sulzer et al., 2018. Neuromelanin detection by magnetic resonance imaging (MRI) and its promise 
as a biomarker for Parkinson’s disease. npj Park. Dis. 4, 11. 2. Ourselin et al., 2001. Reconstructing a 3D structure 
from serial histological sections. Image Vis. Comput. 19, 25–31. 3. Modat et al., 2010. Fast free-form deformation 
using graphics processing units. Comput. Methods Programs Biomed. 98, 278–284. 
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1858 
Decreased Cannabinoid Type 1 Receptor Density in Parkinson's Disease: A [18F]FMPEP-d2 PET Study 
A. Brück, H. Al-Abdulrasul, J. Tuisku, R. Ajalin, J. Hirvonen, J. Rinne (Turku, Finland) 
Objective: To explore type 1 endocannabinoid receptor (CB1R) expression in subjects with Parkinson’s disease 
(PD) and healthy controls using [18F]FMPEP-d2 PET. 
Background: CB1Rs are expressed throughout the brain but especially abundant in basal ganglia making them an 
interesting target for drug development in movement disorders like PD. CB1R density can be measured in vivo 
using [18F]FMPEP-d2 PET radioligand. 
Methods: The study sample included 16 individuals with PD (mean age 65.1 years, SD 6.4, 7 females, 9 males, 
mean disease duration 9.1 years, SD 5.4) and 10 healthy controls (age mean 66.1 years, SD 8.1, 5 females, 5 males). 
All subjects underwent a brain 3T MRI and a 120 min dynamic [18F]FMPEP-d2 PET scanning with arterial blood 
sampling. Subjects with PD discontinued all PD medication at least 12 hours prior to the scan. The distribution 
volume (VT), an index of receptor density, was calculated according to the two-tissue compartmental model with 
metabolite corrected arterial plasma samples as input function. The data was analyzed in voxel-based and in an 
automated ROI-based analysis in which 38 ROIs were defined bilaterally using Freesurfer software. VT values were 
analyzed using analysis of variance with ROIs as repeated measures, including age, gender as covariates. 
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Results: The study groups did not differ in age (p=0.8) or gender ( p=0.5). The voxel based Logan plot analysis 
showed decreased VT of [18F]FMPEP-d2 in the left thalamus and left temporal, parietal and posterior cortical areas 
in subjects with PD compared to healthy controls. According to the ROI analysis, the PD group had significantly 
decreased (p<0.05) VT bilaterally in the thalamus, parietal cortex and sensorimotor cortex and additionally in the 
right precuneus and posterior cingulate cortex and in the left caudate and dorsolateral prefrontal cortex compared to 
healthy controls. 
Conclusions: The results of this study demonstrate that subjects with PD have decreased CB1R density compared to 
healthy controls. 

1859 
Whole-Body Neuromuscular Ultrasound for Evaluating Posture and Targeted Management of Muscle 
Spasticity and Pain 
R. Bubnov, L. Kalika (Kyiv, Ukraine) 
Objective: The aim was to assess efficacy of whole body neuromuscular ultrasound to evaluate posture and targeted 
management of muscle spasticity and pain. 
Background: Muscle spasticity and restricted movement is pillar mechanics for pain and postural imbalance. Dry 
needling (DN) of myofascial trigger points (MTrP) under ultrasound (US) guidance is a prioritized method for 
treatment myofascial pain [1], restoring posture [2] and spasticity [3]. 
Methods: We included 50 patients (32 females, aged 19–65 y.o.) with muscle pain, altered posture. Healthy 20 
individuals (aged 18–52 y.o.) were controls. All patients underwent general exam, MRI, precise physical tests, 
extensive functional multiparameter neuromuscular US using 4-8 MHz /5-12 MHz probes in shoulder, sacroiliac 
joint (SIJ), intervetrebral spaces, foot, ankle, gluteus region and pelvis, abdominal wall, diaphragm and pelvic floor 
motility. We did M-mode, transient elastography and shear wave elastography (SWE) of nerves and muscles, 
evaluated structure, CSA, detecting compressions, contact to scars, muscle TrPs, spasticity and evaluated nerve 
motion and SWE during overstraining neurodynamic tests. Then patients received DN of detected MTrP under US 
guidance. 
Results: We detected different patterns of decreasing motility, contractility (muscle contracted/rested thickness) on 
M-mode during functional tests and walking in all levels in group 1 (p<0.05); local areas of spasticity (trigger 
points) were successfully detected on shoulder rotator mudcles, distal/proximal leg, pelvis and spine for precise 
guidance of deep DN. After DN of detected MTrP the signs of inactivation trigger points, motion recovery in all 
areas were recognized including total recovery of shoulder impingement after DN in 45 cases. US demonstrated 
improvement muscle structure, increasing motility, contractility. Pain relief in groups 1 VAS scores changed from 
7.4 to 2.3 (p <0.05) and remained 24 hours after in all cases. Muscles SWE was 3.1 ±0.3 kPa vs 4.8±.7 kPa in 
spastic area and decreased to 3.4 ±0.4 kPa after treatment. US imaging of nerves demonstrated improvement of 
neuropathy signs as decrease of fascicles diameter from 1.8 to 0.9 mm, SWE and nerve motion changes were 
insignificant during tests. 
Conclusions: Extensive dynamic neuromuscular US is feasible and informative protocol for patient with pain, 
spacticity and allow performing targeted intervention. 
References: 1. Bubnov R, Kalika L, Babenko L. AB1199 Dynamic ultrasound for multilevel evaluation of motion 
and posture in lower extremity and spine. Annals of the Rheumatic Diseases 2018;77:1699. 
http://dx.doi.org/10.1136/annrheumdis-2018-eular.3949 2. Bubnov RV. Evidence-based pain management: is the 
concept of integrative medicine applicable? EPMA J 2012, 3(1):13. 3. Bubnov RV: Ultrasonography for local 
muscle spasticity management. Mov Disord 2012, 27(Suppl 1):336. 

1860 
Neuroanatomical correlates of early cognitive change in Parkinson’s disease 
E. Bunting, L.-A. Leyland, R. Weil (London, United Kingdom) 
Objective: To identify the neuroanatomical basis of early cognitive change in Parkinson’s disease (PD). 
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Background: 50% of PD patients develop dementia within 10 years of diagnosis[1, 2], but the neural correlates of 
the earliest changes associated with cognitive decline are unclear. Previous studies have shown inconsistent atrophy 
patterns in PD, particularly in early disease stages [3-5]. By analysing the cortical thickness from MRI scans, we 
investigated whether a pattern could be detected when accounting for increased risk of dementia, as predicted by 
established algorithms [6, 7]. 
Methods: 109 patients recently diagnosed with PD and 37 age and gender-matched controls without eye-disease 
were recruited. T1 MRI scans and neuropsychological measures were collected. Risk of cognitive involvement was 
calculated using two different clinical algorithms – one that combined age at onset, MMSE, education, motor score, 
gender and depression [6]; and another that combined age, UPSIT, RBDSQ, and depression [7]. Cortical 
reconstructions were performed within Freesurfer-v6.0, and cortical thickness measures between patient and control 
groups were compared. Correlations between cortical thickness and cognitive risk were measured using GLM 
(General Linear Model), and results were corrected for multiple comparisons. 
Results: Bonferroni post-hoc comparisons demonstrated that patient and control groups were well matched in 
gender, age, education, and cognitive performance. Our results showed no differences in cortical thickness between 
the patient and control group, but when accounting for risk of dementia, atrophy patterns were found within the PD 
group. Atrophy in the precuneus, a region known to be linked with visuospatial abilities [8-10] was the most 
significant correlation with increased cognitive risk, which was consistent between the two different risk algorithms. 
Conclusions: We identified several regions of atrophy associated with a higher risk of dementia, with the precuneus 
being the most significant result with both cognitive risk scores. The known involvement in visuospatial ability of 
this brain region provides further evidence that patients with early involvement of visual processing regions are at 
higher risk of dementia. 
References: 1. Perez, F., et al., Risk of dementia in an elderly population of Parkinson ’ s disease patients : A 15-
year population-based study. 2012. 8: p. 463-469. 2. Williams-gray, C.H., et al., The CamPaIGN study of Parkinson 
’ s disease : 10-year outlook in an incident population-based cohort. 2013: p. 1258-1264. 3. Song, S.K., et al., The 
pattern of cortical atrophy in patients with Parkinson's disease according to cognitive status. Mov Disord, 2011. 
26(2): p. 289-96. 4. Melzer, T.R., et al., Grey matter atrophy in cognitively impaired Parkinson's disease. J Neurol 
Neurosurg Psychiatry, 2012. 83(2): p. 188-94. 5. Mak, E., et al., Baseline and longitudinal grey matter changes in 
newly diagnosed Parkinson's disease: ICICLE-PD study. Brain : a journal of neurology, 2015. 138(Pt 10): p. 2974-
2986. 6. Liu, G., et al., Prediction of cognition in Parkinson’s disease with a clinical- genetic score: a longitudinal 
analysis of nine cohorts. 2018. 16: p. 620-629. 7. Schrag, A., et al., Clinical variables and biomarkers in prediction 
of cognitive impairment in patients with newly diagnosed Parkinson's disease: a cohort study. The Lancet. 
Neurology, 2017. 16(1): p. 66-75. 8. Gardini, S., et al., Visuo-Spatial Imagery Impairment in Posterior Cortical 
Atrophy: A Cognitive and SPECT Study %J Behavioural Neurology. 2011. 24(2). 9. Ranganath, C. and M. Ritchey, 
Two cortical systems for memory-guided behaviour. Nature Reviews Neuroscience, 2012. 13: p. 713. 10. Dhindsa, 
K., et al., Examining the role of the temporo-parietal network in memory, imagery, and viewpoint transformations. 
Frontiers in human neuroscience, 2014. 8: p. 709-709. 

1861 
Arterial spin labelling detects subcortical hypoperfusion in early drug-naïve patients with Parkinson's disease 
S.P. Caminiti, G. Pagano, G. Dervenoulas, T. Yousaf, H. Wilson, M. Politis (LONDON, United Kingdom) 
Objective: We evaluated regional cerebral blood flow (CBF) levels in a cohort of early drug-naïve patients with 
Parkinson’s disease, and we explored for associations between brain perfusion and integrity of dopaminergic 
terminals, assessed with [123I]FP-CIT SPECT, and with clinical symptoms. 
Background: Studies in vivo in early drug-naïve patients with PD provide important insight into the early 
pathophysiology of PD. Previous studies, using arterial spin labelling (ASL), have demonstrated increased striatal 
CBF in PD patients treated with levodopa. Preclinical and clinical studies have shown that dopaminergic treatment 
increases striatal CBF levels in striatum. Regional brain perfusion and CBF levels are unknown in untreated early 
patients with PD. 
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Methods: Thirty-three early de novo patients with PD patients and 23 age- and gender-matched healthy controls 
underwent ASL 3-Tesla MRI, [123I]FP-CIT SPECT, and a thorough battery of clinical assessments. 
Results: PD patients showed reduced CBF levels in the putamen (P=0.001), pallidum (P=0.011), substantia nigra 
(P=0.034), thalamus (P<0.001) and occipital lobe (P<0.001), compared to healthy controls. Reduced CBF levels 
correlated with lower [123I]FP-CIT Specific Binding Ratio in the putamen (rho=0.56; P=0.006). 
Conclusions: This in vivo evidence supports the notion that there is an interaction between vascular and 
dopaminergic pathology in early PD, thus ASL MRI has the potential to serve as an early biomarker to assess PD 
pathology in drug-naïve patients with a short disease duration. 
Abstract also presented at the 2019 European Academy of Neurology conference 

1862 
Evidence of altered Serotonergic Network in Parkinson’s disease by using a multi-modal MRI and PET 
imaging approach 
S.P. Caminiti, Z. Chappell, A. Carotenuto, G. Dervenoulas, T. Yousaf, G. Pagano, H. Wilson, M. Politis (London, 
United Kingdom) 
Objective: This study aims to assess how serotonergic pathological derangement may produce alterations in 
Parkinson’s disease (PD) functional connectivity, by means of a multimodal neuroimaging approach. 
Background: PD is characterized by progressive loss of dopaminergic and serotonergic terminals in cortical and 
subcortical regions. The contribution of serotonergic terminals loss to brain functional connectivity remains unclear. 
Methods: We identified the hub regions with reduced serotonergic terminals by using the principal component 
analysis (PCA)-based scaled sub-profile model to [11C]DASB distribution volume ratio images. We generated the 
serotonergic connectivity network including the serotonergic pathological hubs identified with [11C]DASB PCA 
into the resting state functional magnetic resonance (rs-fMRI) connectivity analysis, also exploring graph theory 
measures. We aimed to investigate in a multimodal fashion the alterations in serotonergic connectivity network in 
idiopathic PD patients compared to healthy controls. 
Results: Raphe nuclei, midbrain, thalamus, pons, medulla, basal ganglia, insula, amygdala, hippocampus, 
cerebellum, frontal, occipital and temporal cortices were identified as pathological hubs showing loss of 
[11C]DASB binding in PD patients. As emerged from both connectivity and graph theory analyses, the serotonergic 
network presented a prevalent local connectivity dysfunction. PD patients showed reduced local connectivity in 
thalamus, putamen and occipital cortex (FDR-correction p<0.05). Accordingly, these regions showed significant 
reductions of clustering coefficient, local efficiency and degree, measures indicating local connectivity dysfunction 
for graph theory. 
Conclusions: This study provides evidence of altered serotonergic network connectivity in idiopathic PD, which is 
characterized by local alterations in hallmark regions for PD pathology. This multi-modal molecular and functional 
connectivity approach was critical for understanding the effect of PD pathology on brain connectomics. Future 
studies are needed to explore if long-distance changes will affect serotonergic network in more advanced PD stages, 
and to explore the association between serotonergic network connectivity alterations and PD non-motor symptoms. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference 
 
 

1863 
White matter abnormalities correlate with clinical features in PSP patients 
A. Campabadal, A. Abos, B. Segura, H.C. Baggio, C. Uribe, A. Garrido, A. Camara, E. Muñoz, F. Valldeoriola, 
M.J. Martí, C. Junqué, Y. Compta (Barcelona, Spain) 
Objective: To detect white matter abnormalities in PSP patients and their correlation with motor and cognitive 
impairment. 
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Background: Progressive Supranuclear Palsy (PSP) is a tauopathy characterized by a complex and heterogenic 
clinical presentation [1]. It has been hypothesized that clinical deficits in PSP could be associated with the 
degeneration of long-range white matter tracts. 
Methods: Twenty healthy controls (HC) and nineteen progressive supranuclear palsy (PSP) patients were evaluated 
using diffusion-weighted MRI on a 3T scanner. Voxelwise statistical analysis of the FA and MD data was carried 
out using Tract-Based Spatial Statistics [2] (TBSS) and FSL’s randomise [3]. PSPRS scale [4] and Frontal 
Assessment Battery (FAB) [5] were used to measure disease severity and executive dysfunction, respectively. 
Results: Tract-based statistics (TBSS) showed global reductions of FA across most tracts of PSP patients compared 
with matched healthy controls. Specifically, reduced FA and increased MD was predominantly detected in the 
corpus callosum, bilateral superior longitudinal fasciculus, bilateral superior and anterior corona radiata, bilateral 
posterior thalamic radiation and cerebellar peduncles. FA in these tracts also positively correlated with FAB scores 
in PSP patients. Motor disease severity as measured by the PSPRS scale showed a significant negative correlation 
with TBSS FA tracts in the corpus callosum, the bilateral superior coronal radiata, the left anterior coronal radiata 
and left anterior thalamic radiation. No regions showed decreased FA or increased MD in HC compared with PSP 
patients. No correlation was detected between the MD tracts and FAB and PSPRS scale. 
Conclusions: These findings confirm previous results of white matter abnormalities in long-range tracts in PSP 
patients. More importantly, reduced integrity in these tracts correlate with measures of executive dysfunction and 
motor disease severity, indicating the predominance of these long-range pathways in the evolution and 
symptomatology of the disease. 
References: [1] Armstrong, M.J., 2018. Progressive Supranuclear Palsy: an Update. Curr. Neurol. Neurosci. Rep. 
18, 12. [2] S.M. Smith, M. Jenkinson, H. Johansen-Berg, D. Rueckert, T.E. Nichols, C.E. Mackay, K.E. Watkins, O. 
Ciccarelli, M.Z. Cader, P.M. Matthews, and T.E.J. Behrens. Tract-based spatial statistics: Voxelwise analysis of 
multi-subject diffusion data. NeuroImage, 31:1487-1505, 2006. [3] Winkler AM, Ridgway GR, Webster MA, Smith 
SM, Nichols TE. Permutation inference for the general linear model. NeuroImage, 2014;92:381-397. [4] Golbe, L.I., 
Ohman-Strickland, P.A., 2007. A clinical rating scale for progressive supranuclear palsy. Brain 130, 1552–1565. [5] 
Dubois, B., Slachevsky, A., Litvan, I., Pillon, B., 2000. The FAB: a Frontal Assessment Battery at bedside. 
Neurology 55, 1621–6. 

1864 
Tracking cortical changes throughout cognitive decline in Parkinson’s disease: a longitudinal MRI study 
E. Canu, F. Agosta, T. Stojković, S. Basaia, I. Stankovic, V. Markovic, I. Petrović, E. Stefanova, V. Kostic, M. 
Filippi (Milan, Italy) 
Objective: To investigate longitudinal cortical thinning (CT) in Parkinson’s disease (PD) patients with normal 
cognition (PD-CN), stable mild cognitive impairment (PD-MCIs), and patients who convert to MCI (PD-MCIc) and 
dementia (PD-Dc). 
Background: Identification of biomarkers underlying cognitive decline in PD may facilitate the ongoing effort of 
identifying patients at risk of dementia. 
Methods: We recruited 114 patients with known cognitive outcome after 4 years of follow-up (37 PD-CN, 21 PD-
MCIs, 36 PD-MCIc, 21 PD-Dc) and 39 healthy controls (HC). Patients underwent four visits, including 
neuropsychological/clinical assessments and MRI. We investigated cortical thickness (CT) at baseline and its 
progression over time. 
Results: At baseline, compared to HC and PD-CN patients, PD-Dc, PD-MCIc and PD-MCIs patients showed 
greater cortical damage in the entire parietal lobe. Overtime, PD-CN and PD-MCIc accumulated the most damage in 
frontal and parietal regions. PD-MCIs and PD-Dc patients showed similar patterns of thinning in the temporal and 
parietal lobes. The posterior cingulate cortex and supramarginal gyrus were affected overtime only in the ‘converter’ 
groups. TimeXgroup interaction showed that (vs the other patient groups):  PD-Dc and PD-CN accumulated the 
least damage; PD-MCIc had specific CT accumulation in the posterior cingulate cortex, supramarginal and 
parahippocampal gyri; PD-MCIs showed a pattern of damage in fronto-temporo-parietal regions, bilaterally. 
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Conclusions: CT accumulation seems to be more prominent in the initial stages of PD cognitive decline. The 
involvement of specific temporo-parietal regions is associated with the conversion to a more severe stage of 
cognitive impairment. In PD, CT of crucial brain regions may be powerful for the identification of patients at risk of 
developing dementia. 
Supported by: Ministry of Education and Science, Republic of Serbia (Grant#175090). 

1865 
Integrity of Mirror Neuron System in cervical dystonia: an fMRI study 
A. Castagna, S. Di Tella, V. Blasi, M. Cabinio, F. Baglio (MILANO, Italy) 
Objective: To exploit the motor resonance mechanism of the mirror neuron system (MR-MNS) [1] in the 
rehabilitation of Cervical Dystonia (CD), we investigated its functional integrity in a group of CD patients. 
Background: Cervical Dystonia (CD) is a movement disorder characterized by involuntary movements and 
postures of head and neck that, in the absence of clear brain damage, determines faulty sensorimotor integration and 
impaired motor planning. CD affects daily and social life activities. The botulinum toxin is the first line treatment 
with clinical improvement in about 60% of the patients. Nevertheless, to improve long term prognosis rehabilitative 
approaches are needed.Currently, new rehabilitative interventions are available based on MR-MNS: the action 
observation treatment. These rehabilitative approaches have proved to be useful in stroke [2] and Parkinson’s 
disease [3] but no data are available in patients with CD. 
Methods: Twenty-five healthy adults (HC, mean age [SD]= 56.12 [20.04]; 15 females) and 22 subjects with CD 
(mean age [SD]= 46.95 [9.19] 15 females) were enrolled. All subjects received a functional MRI (fMRI) exam on a 
1.5 scanner. The fMRI task consisted of 2 runs: 1. subjects observed (“Observe” condition) and 2.subjects executed 
right hand grasping movements (“Move” condition), as in [4]. fMRI data were analysed with SPM12, according to 
the General Linear Model. A mixed factorial ANOVA, Group (2 levels: HC, CD) by Task (2 levels: Move, 
Observe), was carried out. To identify MNS, a conjunction analysis was performed between activations of the two 
conditions “Move” and “Observe”, separately for each group using an inclusive mask with both conditions (p<0.05 
FWE corrected). 
Results: No significant differences between the two groups were found in terms of age. Despite the visual 
inspection of fMRI data suggested a different pattern of activation in the ventral premotor cortex and cerebellum 
between the two groups, the statistical analysis did not show significant differences. 
Conclusions: Our results showed substantial preservation of the MNS in CD. Differences in the activation of the 
ventral premotor and cerebellum cortices were not statistically significant. To better investigate this issue a larger 
sample size will be necessary in future studies. This data suggest the possibility to implement motor control and 
rehabilitation exercises based on the execution/observation matching system. 
References: [1] Rizzolatti, G., & Craighero, L. (2004). The mirror-neuron system. Annu. Rev. Neurosci., 27, 169-
192. [2] Carvalho, D., Teixeira, S., Lucas, M., Yuan, T. F., Chaves, F., Peressutti, C., ... & Velasques, B. (2013). 
The mirror neuron system in post-stroke rehabilitation. International archives of medicine, 6(1), 41. [3] Buccino, G., 
Gatti, R., Giusti, M. C., Negrotti, A., Rossi, A., Calzetti, S., & Cappa, S. F. (2011). Action observation treatment 
improves autonomy in daily activities in Parkinson's disease patients: results from a pilot study. Movement 
Disorders, 26(10), 1963-1964. [4] Cabinio, M., Blasi, V., Borroni, P., Montagna, M., Iadanza, A., Falini, A., & 
Cerri, G. (2010). The shape of motor resonance: right-or left-handed? Neuroimage, 51(1), 313-323. 

1866 
Phosphodiesterase 10A and cognition in Parkinson’s disease 
Z. Chappell, G. Pagano, H. Wilson, F. Niccolini, R. Gunn, E. Rabiner, T. Foltynie, M. Politis (London, United 
Kingdom) 
Objective: We aimed to assess the associations between Phosphodiesterase 10A (PDE10A) expression in the 
executive striatum and cognitive performance in vivo, using [11C]IMA107 PET and diffusion tensor imaging in 
Parkinson’s patients. 

This article is protected by copyright. All rights reserved.



Background: PhosphPDE10A regulates cAMP/PKA-CREB signalling, modulating the tonic inhibitory output of 
indirect and direct pathway neurons on thalamocortical circuits. Preclinical studies have demonstrated PDE10A-
associated cognitive changes. Therefore, PDE10A dysregulation in Parkinson’s disease (PD) could potentially 
contribute to cognitive impairment. 
Methods: We studied 41 PD patients, 17 early de novo and 24 moderate-advanced levodopa-treated, with no 
concurrent formal diagnosis of mild cognitive impairment or dementia. Their data was compared with that of 22 
healthy controls. Parametric images of [11C]IMA107 non-displaceable binding potential (BPND) values were 
calculated using the simplified reference tissue model with the cerebellum as nonspecific binding reference tissue. 
Probabilistic tractography was performed on subjects’ diffusion data, functionally parcellating the striatum by 
cortical connectivity. 
Results: Functional-based parcellations of the striatum revealed lower mean [11C]IMA107 BPND in executive 
striatum (P=0.008) in PD compared to healthy controls. Middle-advanced levodopa-treated Parkinson’s patients 
showed greater reduction in the executive striatum mean [11C]IMA107 BPND values compared to de novo PD. 
Worse performance in visual memory and new learning, assessed with paired associated learning test, correlated 
with lower [11C]IMA107 BPND values in connectivity-based executive striatum (r=0.450, P=0.024) in Parkinson’s 
patients. 
Conclusions: Our findings demonstrate that loss of PDE10A expression in the executive striatum is associated with 
visual memory deficits in Parkinson’s patients. This could reflect increased indirect-pathway inhibition of striatal-
cortical signalling to cognitive regions. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1867 
Motor Networks in Tremor-Dominant Parkinson’s Disease. A resting-state functional MRI and diffusion 
tensor imaging analysis. 
Z. Chappell, H. Wilson, M. Politis (London, United Kingdom) 
Objective: To investigate the integrity of cerebellothalamocortical circuit (CTCC) and basal ganglia-cortical loop 
(BGCL) connectivity in tremor-dominant PD (TD-PD) and compare with a group of akinetic-rigid PD (AR-PD) and 
healthy controls (HCs). 
Background: The CTCC and the BGCL have been suggested as key modulatory networks of motor control. 
Impairment within CTCC and BGCL may underlie the development of tremor in patients with Parkinson’s disease 
(PD) 
Methods: We used 3-Tesla MRI with diffusion tensor imaging (DTI) and resting state functional MRI (fMRI) and 
generated pilot data out of 12 PD patients [6 TD-PD (age: 51.4±8.7yrs; disease duration: 4.4±2.2yrs) and 6 AR-PD 
(age: 52.4±10.8yrs; disease duration: 4.4±2.6yrs)] and 6 HCs (age:54.5±7.33yrs). CTCC and BGCL network maps 
were developed through atlases and corrected manually. Analyses included strength of functional connectivity, mean 
diffusivity (MD), and fractional anisotropy (FA) in cerebellum, striatum, globus pallidus (GP), subthalamic nucleus 
(STN), primary and premotor thalamus, substantia nigra, red nucleus (RN), dentate nucleus, pre-central gyrus, 
supramarginal gyrus, posterior parietal lobule and secondary motor are 
Results: In TD-PD compared to HCs, functional connectivity was (a) reduced between the internal GP and RN 
(P=0.0059) and STN (P=0.023); (b) reduced between the STN and premotor thalamus (P=0.038); (c) reduced 
between the caudate and supramarginal gyrus (P=0.0054); and (d) increased between the cerebellar cortex and STN 
(P=0.030). In TD-PD compared to AR-PD, functional connectivity was (a) reduced between the STN and premotor 
thalamus (P=0.048); and (b) reduced between the caudate and supramarginal gyrus (P=0.0414). TD-PD subjects 
showed reduced FA in dentate nucleus ompared to AR-PD (P=0.031). 
Conclusions: These are pilot data demonstrating preliminary evidence of altered functional connectivity between 
regions that constitute the CTCC and BGCL networks in patients with TD-PD. We anticipate the analyses of the full 
cohort to generate more robust conclusions for the specific alterations within CTCC/ BGCL that may underlie the 
pathophysiology of tremor in PD. 

This article is protected by copyright. All rights reserved.



1868 
Decline in Neural Connectivity in Olfactory Spatial Attention: A Comparative Study in the Progression of 
Parkinson's Disease 
H. Chatterjee, G. Elumalai, N. Osakwe, N. Sewram (Georgetown, Guyana) 
Objective: To study any inconsistency in the neural connections responsible for facilitating spatial recognition of 
olfactory stimuli as observed in people diagnosed with Parkinson’s Disease (PD) compared to those not affected by 
PD, and during the progression of the same. 
Background: Olfactory dysfunctions are observed in approximately 90% of people affected by PD. Like in most 
neurodegenerative disorders, olfactory dysfunction is a clinical marker appearing years before the declining motor 
and cognitive functions in PD. The temporal-parietal junction (TPJ) contributes to spatial recognition, and lesions in 
this region or disruption of its neural communication have been associated with lack of spatial attention to various 
stimuli including visual, auditory, and less popularly olfactory. 
Methods: This study applies fibre tractography using Diffusion Tensor Imaging. The neural connection between the 
olfactory cortex and TPJ have been studied in Magnetic Resonance Imaging (MRI) scans from four different groups 
of people including a control group, and three groups of people diagnosed with PD from widely spaced stages of 
progression of the disease. The study has been conducted with MRI scans obtained from 40 different people for each 
group. 
Results: A significant difference in the number of fibres connecting the two regions was noted between the control 
group and the groups affected with PD (figure 1-4). A p-value of 0.037 was obtained. As the stages progressed, a 
decrease by 20 fibres on an average was noted and a p-value of 0.0001 was obtained. 
Conclusions: Upholding the hypothesis, a significant difference in the number of fibres have been seen between the 
control and PD affected groups, and the further decline has been observed in the progressive stages of PD. This 
suggests that monitoring the neural connectivity between the olfactory cortex and TPJ or monitoring the neural 
connections facilitating one’s spatial attention to olfactory stimuli can provide for a way to monitor the progression 
of PD or a mode of staging on the basis of olfactory dysfunction progression. 
References: [1] Doty RL. Olfactory dysfunction in Parkinson disease. Nat Rev Neurol. 2012 May 15;8(6):329-39. 
[2] Lamb MR., et al. Attention and interference in the processing of global and local information: Effects of 
unilateral temporal-parietal junction lesions. Neuropsychologia 27(4). 471-483. [3] Scholz J., et al. Distinct Regions 
of Right Temporo-Parietal Junction Are Selective for Theory of Mind and Exogenous Attention. PLoS One 4(3), 
e4869. Pierre and Marie Curie University. [4]Friedrich FJ., et al. Spatial attention deficits in humans: a comparison 
of superior parietal and temporal-parietal junction lesions. Neuropsychology 12(2). 193-207. 
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1869 
Variations in Olfactory Neural Connections Associated with Cognition in Parkinson's Disease 
H. Chatterjee, G. Elumalai, N. Osakwe, N. Sewram (Georgetown, Guyana) 
Objective: To study the neural connections between orbitofrontal cortex (OFC) and olfactory cortex and analyze 
their consistency ranging from control group to Parkinson’s Disease (PD) affected groups of different stages of 
progression. 
Background: The OFC plays an important role in drawing perceptions from sensory stimuli. The visual aspect of 
the same has been greatly explored, but olfactory aspect still remains a matter of curiosity. A study done on this 
topic states that the OFC plays a major role in olfactory perception, and the right OFC is relatively more dominant. 
Disruption of neural connections of the OFC has been known to cause disturbances in cognitive, behavioural and 
emotional functions. Therefore, disruption of neural connections of this region with the olfactory cortex could 
potentially alter normal processing of stimuli causing changes in one’s response to them. This would give rise to 
olfaction associated cognitive dysfunction, which is often reported to precede motor symptoms seen in PD. 
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Methods: Fibre tractography performed using Diffusion Tensor Imaging in 4 groups of 40 data sets each, obtained 
from different individuals. These groups include a control group and three PD affected groups from different stages 
of severity. 
Results: The difference noted in fibres of control group and PD affected group is statistically significant with a p-
value of 0.00001, the average number of fibres noted in a normal individual was 56 while that in a PD affected 
person was 16. The difference noted in fibres among different stages of progression was also significant with a p-
value of 0.00001 (figure 1-4). 
Conclusions: Based on the results obtained we may suggest that olfactory stimuli dependent cognitive impairment 
in PD patients can be monitored and used to track the progression of the impairment and the disease. 
References: [1] Li W., et al. Right Orbitofrontal Cortex Mediates Conscious Olfactory Perception. Psychol Sci. 
2010 Oct; 21(10): 1454–1463. [2] Alegret M., et al. Obsessive-compulsive symptoms in Parkinson’s disease. J 
Neurol Neurosurg Psychiatry 2001;70:394–396. [3] Stevenson RJ., Attuquayefio T. Human olfactory consciousness 
and cognition: its unusual features may not result from unusual functions but from limited neocortical processing 
resources. Front. Psychol., 01 November 2013 | https://doi.org/10.3389/fpsyg.2013.00819. [4] Menzie L., et al. 
Integrating evidence from neuroimaging and neuropsychological studies of obsessive-compulsive disorder: The 
orbitofrontostriatal model revisited. Neurosci Biobehav Rev. 2008 ; 32(3): 525–549. [5] Tekin S., Cumming JL. 
Frontal–subcortical neuronal circuits and clinical neuropsychiatry An update. Journal of Psychosomatic Research 53 
(2002) 647–654. 
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1870 
Acute unilateral involuntary movement in a patient with posterior reversible encephalopathy syndrome 
P.-Y. Chen (Taipei, Taiwan) 
Objective: To describe the unusual clinical manifestations in a patient with posterior reversible encephalopathy 
syndrome. 
Background: Posterior reversible encephalopathy syndrome (PRES) is a transient clinical and neuroradiologic 
syndrome caused by cerebral vasogenic edema. The major symptoms are headache, seizures, visual disturbance and 
encephalopathy. Movement disorders associated with PRES are exceptionally rare. 
Methods: Clinical observation and image examination in a patient with posterior reversible encephalopathy 
syndrome. 
Results: The 84-year-old female suffered from acute onset consciousness change associated with high blood 
pressure, left upper limb involuntary grasping following by right hemiplegia and seizure attack after receiving 
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vertebroplasty for T9 fracture. Brain magnetic resonance imaging (MRI) revealed left frontal subdural hemorrhage 
and multiple T2-weighted image/fluid attenuated inversion recovery high signal intensities in bilateral cerebral and 
cerbellar hemispheres, right side basal ganglia to corona radiata and brain stem, with gyral swelling in bilateral 
parieto-occipital lobes without obvious restricted diffusion [figure1]. Electroencephalography showed diffuse 
background slowing without epileptiform discharges. Her blood pressure fluctuated during hospitalization and 
hypomagnesemia was found. Autoimmune markers revealed low C3 and high anti-SSA, so hydroxychloroquine 
sulfate was prescribed. With strict blood pressure control and correction of hypomagnesemia, she gradually regained 
consciousness. She could say simple sentences and obey simple orders, but right dense hemiplegia 
persisted. Follow-up MRI on the 11th day after symptom onset showed new left frontal, cerebellum and bilateral 
parieto-occipital lobes ischemic lesions [figure2, 3]. Left upper limb involuntary grasping spontaneously improved 
and right basal ganglionic lesion resolved [figure3]. 
Conclusions: To our knowledge, acute unilateral involuntary movement as the presenting symptom of PRES has 
not been reported so far. Hypertensive crisis, hypomagnesia and autoimmune disorder could be the etiologies in this 
patient. Fluctuation of blood pressure may predispose to cerebral ischemia. Strict and careful cerebrovascular 
autoregulation monitoring may aid in the optimal hemodynamic management. 
References: [1]. A reversible posterior leukoencephalopathy syndrome. Hinchey J, Chaves C, Appignani B, Breen 
J, Pao L, Wang A, Pessin MS, Lamy C, Mas JL, Caplan LR. N Engl J Med. 1996 Feb 22;334(8):494-500. [2]. 
Posterior Reversible Encephalopathy Syndrome Presenting as Opsoclonus-Myoclonus. Boland T, Strause J, Hu M, 
Santamaria D, Liang TW, Kremens D, Sergott R, Moussouttas M. Neuroophthalmology. 2012 Oct;36(4):149-152. 
[3]. Acute transient freezing of gait in a patient with posterior reversible encephalopathy syndrome. Nakajima A, 
Ueno Y, Shimura H, Kambe T, Nishioka K, Hattori N, Urabe T. BMC Neurology 2013, 13:79 [4]. Posterior 
reversible encephalopathy syndrome. Fischer M, Schmutzhard E. J Neurol. 2017 Aug;264(8):1608-1616. 

 

This article is protected by copyright. All rights reserved.



 

 

1871 
Clinical correlation between 99mTc-TRODAT-1 SPECT and parkinsonism 
A.C. Chen (Taichung, Taiwan) 
Objective: Correlate the clinical parkinsonism and TRODAT. 
Background: 99mTc-TRODAT-1 SPECT is well documented method for dopamine transporter survey. Clinical use 
was usually for Parkinsonism in Taiwan. However, the clinical staging of Parkinson disease(PD) was not correlated 
to image staging sometimes. This study was focus on the correlation of clinical staging between TRODAT and 
parkinsonism. 
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Methods: Reviewed the medical records, there were 54 patients who had been arranged TRODAT study in clinical 
visit of one neurologist during 2017/01/01 to 2018/08/31. Fiver patients didn’t go to the examination and total 49 
patients received the examination. Core symptom, diagnosis, H&Y stage and the results of TRODAT were 
reviewed. 
Results: The diagnosis for the patients included: Parkinson disease: 31 patients(57.4%), vascular parkinsonism: 10 
patients (18.5%),  essential tremor: 4 patients(7.4%), psychiatric disease: 4 patients(7.4%), cerebellar ataxia: 3 
patients (5.6%) and dementia: 2 patients(3.7%). The core symptom of patients were tremor(44.4%), 
bradykinesia(29.6%) and gait difficulty(25.9%). In patients with tremor predominant, final diagnosis was 
PD(66.7%), essential tremor(16%), functional disorder(8.3%), cerebrovascular disease(4.2%) and dementia(4.2%). 
About the results of TRODAT, significant lower level of uptake was noted in PD than non-PD patients. In non-PD 
patients, the uptake of TRODAT decline as aging but the tendency was not presented in PD patients. However, 
H&Y stage was not correlate with TRODAT classification in PD patients. 
Conclusions: The diagnosis of Parkinson disease was still depended on clinical symptoms and sign, with 
assessment of laboratory test and image study. TRODAT could help the diagnosis of PD from essential tremor and 
secondary parkinsonism. It might be poor correlation between the result of TRODAT and the clinical stage of PD. In 
non-PD patients, the TRODATE results correlated to age but PD patients didn’t. 
References: [99mTc]TRODAT-1 SPECT imaging correlates with odor identification in early Parkinson disease A. 
Siderowf, A. Newberg, K. L. Chou, M. Lloyd, A. Colcher, H. I. Hurtig, M. B. Stern, R. L. Doty, P. D. Mozley, N. 
Wintering, J. E. Duda, D. Weintraub, P. J. Moberg Neurology May 24, 2005; 64 (10) Differential Diagnosis of 
Parkinson’s Disease and Vascular Parkinsonism by 99mTc-TRODAT-1 Kai-Yuan Tzen, Chin-Song Lu, Tzu-Chen 
Yen, Shiaw-Pyng Wey, and Gann Ting THE JOURNAL OF NUCLEAR MEDICINE • Vol. 42 • No. 3 • March 
2001 

1872 
Classify Parkinson’s Disease with Mild Cognitive Impairment: Machine Learning Approach 
S.S. Cho, C. Li, Y. Koshimori, J. Kim, L. Christopher, M. Dı´ez-Cirarda, M. Valli, A. Mihaescu, S. Houle, A. 
Strafella (Toronto, ON, Canada) 
Objective: To determine how multimodal neuroimaging data can contribute to the classification of Parkinson’s 
disease (PD) patients with mild cognitive impairment (MCI) from PD without MCI using multivariate pattern 
analysis, a machine learning (ML) technique. 
Background: Cognitive decline is one of common non-motor symptoms in PD, one quarter of patients are 
experiencing this during the course of their disease. Most of the studies use group-level analysis exploring 
neurobiological markers of PD with MCI, which have limitation when planning clinical application of findings in 
individual patient level. Recent studies suggested multivariate pattern recognition technique, a subfield of ML, can 
be applied to analyze neuroimaging data overcoming the limitations of group-level analysis. 
Methods: In total, 23 PD patients (11 PD non-MCI and 12 PD with MCI) and 12 age-matched healthy controls 
(HC) participated and completed [¹¹C]DTBZ PET scan and structural MRI scan (3.0 T) followed by the 
neuropsychological test. MCI were identified based on neuropsychological test results. Availability of vesicular 
monoamine transporter 2 (VMAT2) that measured by [¹¹C]DTBZ PET were obtained from three striatal subregion 
(motor, associative and ventral striatum) in each hemisphere and grey matter volume measure from Broadman map 
that is obtained from T1 MRI were used as input. The group classification was tested using support vector machine, 
a supervised ML algorithm. 
Results: With VMAT 2 level input, 100% of accuracy was obtained for separating PD from HC and the motor 
striatum is the most contributed neuroanatomical biomarker, while only 69.3% of accuracy were obtained for 
classifying PD with MCI from PD non-MCI. With volumetric data input, the accuracy for classification of PD from 
HC was only 47.28 %, however PD with MCI from PD non-MCI can be classified with 78.4% accuracy which is 
superior than the performance of VMAT 2 input. The right anterior entorhinal cortex (BA 34) contributed most for 
this classification. 
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Conclusions: Our study showed that measure of dopamine level is superior input for separation of PD from HC 
while cortical volume data may be superior for separating PD with non-motor symptoms from idiopathic PD. Our 
findings suggest that use of multimodal neuroimaging data in ML approach possibly improve classification and 
diagnosis power when the pathological markers of disease subtype are heterogeneous like PD and its non-motor 
symptoms. 

1873 
Postural and kinetic tremor is associated with pallidal dopamine denervation in patients with Parkinson’s 
disease 
N. Choi, K.W. Park, S.H. Hong, C.S. Lee (Seoul, Republic of Korea) 
Objective: To investigate the role of dopamine denervation in the globus pallidus in PD patients with postural and 
kinetic tremor (PT/KT) in Parkinson’s disease(PD) using [18F]FP-CIT PET (ligand for DAT). 
Background: Patients with PD may present with postural and kinetic tremor, the phenotype of which is 
indistinguishable from essential tremor. It has been suggested that Parkinsonian tremor results from the combined 
actions of the basal ganglia and the cerebello-thalamo-cortical circuit (Dimmer-Switch Model). 
Methods: We studied 15 PD patients with PT/KT(PD-PT/KT, age= 61.1±10.0 years, mean±SD) and 12 PD patients 
without tremor(PD-NT, age= 62.1±9.7). Severity of Parkinsonism and tremor were assessed using UPDRS III at 
med-off and med-on states. All subjects underwent [18F]FP-CIT PET after clinical assessment. The binding ratios 
of the ligand were obtained in the caudate, the putamen and the globus pallidus(GP) using the occipital cortex as 
reference. Twelve healthy control subjects were used for comparison(HC, age=62.2±5.3). 
Results: Disease duration were 8.73±4.86 year in PD-PT/KT and 7.58±1.68 in PD-NT (p=0.442); UPDRS III scores 
were 49.8±19.9 and 44.667±11.6 in each group respectively(p=0.437). Tremor subscores were 5.00±2.00 in limb 
with more tremor and 2.14±2.07 in limb with less tremor(p=0.006). [18F]FP-CIT binding in the globus pallidus was 
significantly lower in PD-PT/KT than PD-NT (p=0.017). In PD-PT/KT group, bilateral comparisons of the [18F]FP-
CIT binding between the two globus pallidus, each corresponding to the limbs with more PT/KT and less PT/KT 
showed significant differences between the two sides - lower in the globus pallidus corresponding to the limb with 
more PT/KT (p=0.003). 
Conclusions: Our data indicate that pallidal dopaminergic denervation is associated with the manifestation of 
PT/KT in PD patients. 

1874 
Retinal layer thinning in de novo Parkinson’s disease 
A. Chrysou, N. Jansonius, T. van Laar (Groningen, Netherlands) 
Objective: To identify and substantiate the occurrence, extent and location of retinal degeneration in de novo 
Parkinson’s disease patients (PD) compared to primary open angle glaucoma patients (POAG) and healthy controls 
(HC). 
Background: PD patients experience visual symptoms and retinal degeneration. Studies using spectral-domain 
optical coherence tomography (SD-OCT) have shown retinal thinning in PD, resembling the glaucoma pattern. This 
study investigated the retinal thinning in de novo Ldopa-naive PD patients, to analyse if the profile of retinal 
thinning could serve as a biomarker for PD. 
Methods: SD-OCT data were collected in de novo Ldopa-naive PD patients at the University Medical Center 
Groningen. A 5x5 mm OD macular scan was made. These scans were compared to age-matched POAG patients and 
HC’s. Good quality scans (≥4); segmented by Iowa Reference Algorithms [1], were divided by ETDRS 9-sector 
grid, and were meta-analyzed by cell-layers (Cohen’s d; 95% CI). 
Results: In total 70 PD, 80 POAG patients and 61 HC were included. In PD versus HC, significant thinning was 
found in the inner plexiform layer (d=-0.50; 95% CI: -0.67, -0.32), outer nuclear layer (-0.18; -0.34, -0.02) and the 
retinal pigment epithelium (-0.12; -0.15, -0.08). Significant thickening was found in the inner nuclear layer (0.24; 
0.15, 0.34), and the outer segment (0.31; 0.26, 0.35). In PD compared to glaucoma, the outer segment was thinner in 
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PD (-0.46; -0.21, 0.10), the retinal nerve fiber layer and outer nuclear layer were not significantly different, and the 
ganglion cell layer (0.96; 1.96, 0.07), the inner plexiform layer (1.03; 1.60, 0.09), inner nuclear layer (0.05; 0.34, 
0.10), outer plexiform layer (0.36; 0.73, 0.10), inner/outer segment junction (0.23; 0.71, 0.09), outer segment (-0.46; 
-0.21, 0.10) and retinal pigment epithelium (0.15; 0.23, 0.11) were significantly thinner in glaucoma. 
Conclusions: De novo Ldopa-naive PD patients already show significant thinning of the inner retinal layers 
compared to HC. Thinning of the inner plexiform layer indicates pathology of the amacrine cells, which includes 
dopaminergic neurons. POAG compared to PD however showed a more severe retinal degeneration, whereas the 
inner plexiform layer was more severely affected in PD. Therefore, severity of amacrine cell loss possibly may serve 
as a potential biomarker for diagnosing PD. 
References: [1] M.D. Abramoff, M.K. Garvin, M. Sonka, Retinal Imaging and Image Analysis, IEEE Rev. Biomed. 
Eng. 3 (2010) 169–208. doi:10.1109/RBME.2010.2084567. 

1875 
Functional brain connectome in drug-naïve Parkinson’s disease patients 
R. De Micco, F. Agosta, S. Basaia, M. Siciliano, C. Cividini, G. Tedeschi, A. Tessitore, M. Filippi (Naples, Italy) 
Objective: To investigate whole-brain network topologic organization in a large cohort of drug-naïve Parkinson’s 
disease (PD) patients using resting-state functional MRI (rs-fMRI); and to determine whether early functional 
connectivity measures may predict disease progression overtime. 
Background: 147 drug-naive PD patients were consecutively enrolled. Motor, non-motor and neuropsychological 
assessments as well as rs-fMRI were performed at baseline. 38 age- and sex-matched controls were also enrolled in 
the study. Non-hierarchical cluster analysis using motor, non-motor and neuropsychological data were applied to 
stratify PD patients in two subtypes: 77 patients were grouped as “early/mild” and 70 as “early/severe”. After the 
baseline assessments, all patients started a dopaminergic replacement therapy accordingly to current international 
guidelines and were followed for an observation period, lasting a maximum of 24 months, with a clinical follow-up 
every 12-months. 
Methods: Graph analysis and connectomics were used to assess global and local topological network properties and 
regional functional connectivity (FC) at baseline in both PD patients and controls. Multivariate linear and logistic 
regressions investigated whether functional imaging data at baseline were predictors of motor impairment and 
levodopa requirement over a 2-year period. 
Results: At baseline, “early/mild” PD patients showed a preserved global functional brain architecture compared to 
controls. “Early/severe” PD patients showed altered functional topological properties within the basal ganglia 
network compared to “early/mild” PD patients. Widespread FC abnormalities were detected in several networks 
encompassing basal ganglia, sensorimotor and occipital areas in PD patients compared to controls. Decreased FC 
involving mainly striato-frontal, striato-temporal and limbic connections differentiated “early-mild” from “early-
severe” PD patients. FC abnormalities at baseline were found to be an independent predictor of levodopa 
requirement over 2-years. 
Conclusions: Our findings revealed that a specific subtype of PD patients, characterized by severe motor and non-
motor burden as well as widespread FC abnormalities, may be identified at the time of diagnosis. We hypothesize 
that this FC pattern may reflect the presence of more diffuse neuropathological changes. Combined clinical and 
neuroimaging tools are promising to stratify risk of PD progression overtime. 

1876 
Connectivity alterations in dopaminergic and cholinergic networks mediate cognitive performance in patients 
with Parkinson’s disease: a resting-state fMRI study 
E.R. de Natale, S.P. Caminiti, Z. Chappell, T. Yousaf, H. Wilson, M. Politis (London, United Kingdom) 
Objective: To explore changes in resting-state fMRI (rs-fMRI) functional connectivity networks in PD patients, in 
areas with prominent dopaminergic and cholinergic innervation. 
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Background: The pathophysiology of cognitive dysfunction in Parkinson’s disease (PD) implicates major 
neurotransmitter changes in the dopaminergic and the cholinergic systems. 
Methods: Data from 88 PD patients without cognitive impairment (mean age 60.02±10.19, disease duration 6.5±7.6 
years, MoCA 27.8±1.9) from the Parkinson’s Progression Markers Initiative (PPMI) who performed rs-fMRI were 
analysed. Patients were stratified according to their performances on Symbol Digit Modalities Test (SDMT) for 
processing speed (cut-off=34/108) and Benton Judgment of Line Orientation (JLO) for visuospatial skills (cut-
off=10/15). Images were preprocessed, and denoised with the CONN toolbox in SPM12, for cholinergic and 
dopaminergic networks. Seed for the dopaminergic system was the striatum (functionally parcellated into Executive, 
Motor and Limbic). Seed for the cholinergic system was the Nucleus Basalis of Meynert (NBM). The CIC Atlas was 
used for target Regions of Interest. Linear regression analysis was performed. 
Results: The patients performing above or below SDMT and JLO thresholds did not differ clinically. The PD 
patients (n=17) who performed below the cut-off for the SDMT, showed decreased dopaminergic and cholinergic 
connectivity from the Executive Striatum and the NBM to the Left Precentral Gyrus and the Right Inferior Central 
Gyrus (T=-3.53, P=0.03). Increased cholinergic connectivity from the NBM to the Anterior Insula (T=3.79, 
P=0.038) and decreased connectivity from the NBM to Postcentral and Middle Temporal Gyrus (T=-3.87, P=0.028) 
was detected. The patients (n=11) who performed below the cut-off for JLO showed increased dopaminergic 
connectivity from the Limbic Striatum to the Anterior Cingulate (T=4.36, P=0.002) and cholinergic from the NBM 
to the pallidum and the posterior Insula (T=3.77, P=0.04). Reduced cholinergic connectivity from the NBM to the 
Anterior Insula (T=-3.95, P=0.02) was found. 
Conclusions: Connectivity changes between subcortical regions critical for dopaminergic and cholinergic networks 
and various cortical regions mediate the outcome in SDMT and JLO in non-demented PD patients.This abstract was 
also submitted for presentation at the 2019 EAN conference. 

1877 
Is DAT imaging abnormality in Normal Pressure Hydrocephalus always suggestive of degeneration? 
Evidences from three cases 
C. Del Gamba, A. Bruno, D. Frosini, D. Volterrani, N. Benedetto, C. Pacchetti, P. Perrini, M. Cosottini, U. 
Bonuccelli, R. Ceravolo (Pisa, Italy) 
Objective: To study parkinsonism in iNPH, in order to shed light on its pathogenesis, understand potential overlap 
with idiopathic parkinsonismsand its impact on the clinical outcome. 
Background: Diagnosis of iNPH is based on the presence of Hakim’s triad and ventriculomegaly not due to brain 
atrophy [1]. Parkinsonism is reported as part of the clinical pictures, sometimes due to the coexistence of a 
pathologically confirmed idiopathic parkinsonism, sometimes not. To distinguish these two setups is of paramount 
importance, since they carry different response to ventriculoperitoneal shunt (VPS) [2]. The DaTSCAN can be 
helpful in this regard, however, its role in predicting the surgical outcome is unclear [3]. 
Methods: Patients with clinical hints of iNPH and extrapyramidal signs, raising suspicion of a concomitant 
neurodegenerative parkinsonism underwent a chronic trial with levodopa, 3T brain MRI and DaTSCAN. 
Results: We found 3 patients (Pt-1, 65-year-old lady; Pt-2, 72-year-old lady; Pt-3, 65-year-old gentleman) with 
clinical and radiological criteria for iNPH (EI>0.3, DESH criterion, acute callosal angle) and asymmetric akinetic-
rigid parkinsonism. 3T MRI with iron-sensitive sequences (SWAN) showed bilateral preservation of the 3-layered 
organization of the substantia nigra (SN) in Pt-1 and Pt-2, and a loss of the hyperintense intermediate layer of the SN 
in Pt-3. The DaTSCAN revealed in all of them a bilateral asymmetric striatal degeneration, consistent with clinical 
asymmetry. Levodopa trial was unsuccessful in all patients. Pt-1 and Pt-3 underwent VPS and 2 years after Pt-1 still 
shows a significant and sustained clinical improvement (MDS-UPDRS III and 10m walking Test), whereas Pt-3 
experienced a transient benefit, which declined after 6 months. A follow up DaTSCAN pointed out an increased 
striatal tracer uptake in Pt-1, whereas a progressive reduction was seen in Pt-3. 
Conclusions: Our results suggest that an abnormal DaTSCAN does not necessarily mean an overlap between iNPH 
and idiopathic parkinsonisms, since in 2 out of our 3 cases the SN was preserved. The increase in DaT availability 
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post VPS, suggests a secondary and partly reversible damage to the nigrostriatal pathway consistent with a 
remarkable clinical improvement. Conversely, when there is an underlying neurodegenerative parkinsonism the 
tracer uptake and the clinical pictures are doomed to deteriorate. 
References: [1] Relkin, N., et al., Diagnosing idiopathic normal-pressure hydrocephalus. Neurosurgery, 2005. 57(3 
Suppl): p. S4-16. [2] Espay, A.J., et al., Deconstructing normal pressure hydrocephalus: Ventriculomegaly as early 
sign of neurodegeneration. Ann Neurol, 2017. 82(4): p. 503-513. [3] Broggi, M., et al., Normal Pressure 
Hydrocephalus and Parkinsonism: Preliminary Data on Neurosurgical and Neurological Treatment. World 
Neurosurg, 2016. 90: p. 348-356. 

1878 
Functional connectome in Parkinson’s disease mild cognitive impairment 
M. Delgado-Alvarado, V. Ferrer-Gallardo, I. Navalpotro-Gómez, S. Moia, M. Carreiras, C. Caballero-Gaudes, 
M.C. Rodríguez-Oroz (Torrelavega, Spain) 
Objective: To unravel functional connectivity (FC) traits in Parkinson’s disease mild cognitive impairment (PD-
MCI). 
Background: PD-MCI is a well-known risk factor for PD associated dementia. Several FC changes have been 
previously reported (1). Two connectome analyses were used: Network Based analysis (NBS) and Connectome 
Independent Component Analysis (connICA). 
Methods: 23 PD-MCI patients, 21 cognitively normal PD (PDCN) patients, and 21 healthy controls (HC) were 
scanned in a 3T MR scanner. PD-MCI was diagnosed according to the MDS Task Force Guidelines (level II). T1-w 
and T2-w high resolution scans, and 10 minutes eyes-open resting state BOLD fMRI images with standard 
(monoband, TR=2s) and multiband (TR=800ms) images were obtained. MRI preprocessing included: T1-w 
parcellation into 72 cortical and 8 subcortical regions for hemisphere (Freesurfer), standard fMRI pre-processing, 
and nuisance regression (AFNI). Next, we computed FC matrices for multiband and monoband images for NBS (2) 
and connICA (3). F values were computed with mixed random effect model for each FC-trait weight to reveal 
significant differences between groups. 
Results: Four FC-traits showed significant differences across groups (Table in [figure1]) (p ≤ 0.05/15). FC-traits 2, 
6 and 9 showed significant differences in the comparisons HC vs. PDCN and HC vs. PD-MCI. In FC-trait 5 a 
significant effect size was found for HC vs. PD-MCI and PDCN vs PD-MCI [figure1]. 
FC-trait 2 encompasses the visual (VN), the sensorimotor (SMN), and the attention networks (AN). FC-trait 6 
represents the connectivity of cortical structures with the thalamus. And FC-trait 9 mirrors connections of the 
Default Mode Network (DMN) with other cortical regions [figure2]. 
A unique trait (FC-trait 5) differentiates PD-MCI patients from the other groups. FC-trait 5 includes connections 
between the SMN, limbic networks, and, mainly the AN, whose disruptions have been previously described in PD-
MCI patients. The NBS analysis showed differences among PDCN, PD-MCI, and HC in a network that resembles 
the combination of FC-traits 2 and 5. 
Conclusions: Three independent FC-traits encompassing networks involving cognitive and motor functions were 
found in PD versus HC. Interestingly, a unique FC-trait encompassing the SMN, attentional networks and limbic 
networks was the fingerprint of PD-MCI patients. This FC-trait might be explored in future studies as a biomarker 
for PD-MCI. 
References: 1. Wolters, A. F. et al. Resting-state fMRI in Parkinson’s disease patients with cognitive impairment: A 
meta-analysis. Parkinsonism & Related Disorders 0, (2018). 2. Zalesky, A., Fornito, A. & Bullmore, E. T. Network-
based statistic: identifying differences in brain networks. Neuroimage 53, 1197–1207 (2010). 3. Amico, E. et al. 
Mapping the functional connectome traits of levels of consciousness. Neuroimage 148, 201–211 (2017). 
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1880 
Neuroanatomical and Electrocortical Networks correlates in Parkinson’s Disease Patients with Mild 
Cognitive Impairment:The PaCoS Study 
G. Donzuso, G. Giuliano, R. Monastero, R. Baschi, G. Mostile, A. Luca, C. Cicero, M. Zappia, A. Nicoletti (Catania, 
Italy) 
Objective: Aim of the study is to evaluate the presence of grey matter (GM) and electrocortical changes in Pd 
patients with MCI. 
Background: Mild cognitive impairment (MCI) is a common non-motor features in Parkinson’s disease (PD), but 
the underlying pathological mechanism has not been fully understood. Neuroimaging and neurophysiological 
studies, showed the presence of atrophy and abnormal electrocortical activity in PD with cognitive decline, 
respectively. Voxel-based morphometry (VBM) and quantitative EEG analysis could be used to identify in vivo 
markers linked to the development of MCI in PD patients. 
Methods: From the PaCoS (Parkinson’s disease Cognitive impairment Study) cohort, a sample of PD patients with 
and without MCI were recruited, including those patients with one EEG recording and a T1-3D MRI, acquired at the 
same time. VBM analysis was performed and EEG signal epochs were analysed using Independent Component 
Analysis LORETA. 
Results: Fifty-eight PD patients were enrolled, including 35 patients with normal cognition (PD-NC) and 23 PD 
with MCI (table1). PD-MCI showed reduction in GM density in a para-hippocampal areas, left temporal lobe, left 
cerebellum, precuneus, cingulate gyrus and right inferior parietal lobule. LORETA analysis revealed an increased 
network involving theta activity over the occipital lobe associated with a reduction over the frontal lobe. The parietal 
lobe showed a decreased network involving beta, delta and theta activity. Finally, a reduction of networks involving 
alfa and beta activity in the parietal lobule and inferior temporal gyrus was also found (figure1). 
Conclusions: Our study showed, with a multimodal approach, the presence of widespread anatomical and 
electrocortical abnormalities with a common pattern in PD with MCI, involving mainly the parietal and temporal 
lobe. These results could be used as potential biomarkers of cognitive impairment in PD. 
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1881 
Grey matter atrophy in Parkinson's disease with long-duration response 
G. Donzuso, G. Sciacca, G. Mostile, A. Nicoletti, M. Zappia (Catania, Italy) 
Objective: Aim of the study is to investigate neuroanatomical correlates of Long-Duration Response using 
structural magnetic resonance imaging (MRI) and voxel-based morphometry analysis. 
Background: Parkinson disease (PD) is a neurodegenerative disorder characterized by the response to L-dopa, that 
still remains the best available symptomatic treatment for PD. The therapeutic response to L-dopa consists of two 
components: the short-duration response (SDR), an improvement of the clinical condition following the 
administration of a single dose of L-dopa, and the long-duration response (LDR), a sustained benefit deriving from 
prolonged administration of L-dopa. 
Methods: Drug-naïve patients with a new diagnosis of PD according to Brain Bank criteria were consecutively 
enrolled. They underwent an acute challenge with 250/25 mg of L-dopa. Then, a treatment with 250/25 mg every 24 
hours was started and, after two weeks, LDR was evaluated. Structural brain MRI data were acquired using a 3D 
T1-weighted sequence and VBM analysis of MRI data was performed. 
Results: Twenty-four patients were enrolled (table). After two weeks of therapy, 15 patients (62.5%) showed LDR 
(PD-LDR+), while 9 patients (37.5%) showed no LDR (PD-LDR-). VBM analysis between PD-LDR+ and PD-
LDR- showed decreased GM density in left putamen and in superior frontal gyrus in PD-LDR+ (p<0.001 
uncorrected) (figure). 
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Conclusions: This study showed the presence of atrophy in cortical and subcortical areas in PD patients who 
showed LDR after two weeks of continuative levodopa therapy with 250/25 mg every 24 hours. The presence of 
basal ganglia atrophy could induce a compensation mechanism, improving connectivity and leading to a sustained 
response to dopaminergic therapy. 
References: Zappia M, Oliveri RL, Bosco D, Nicoletti G, Branca D, Caracciolo M, Napoli ID, Gambardella A, 
Quattrone A. The long-duration response to L-dopa in the treatment of early PD. Neurology. 2000 May 
23;54(10):1910-5. Esposito F, Tessitore A, Giordano A, De Micco R, Paccone A, Conforti R, Pignataro G, 
Annunziato L, Tedeschi G. Rhythm-specific modulation of the sensorimotor network in drug-naive patients with 
Parkinson's disease by levodopa. Brain. 2013 Mar;136(Pt 3):710-25. 

1882 
Occurrence of brain capillary dysfunction in patients with REM sleep behavior disorder 
S. Eskildsen, A. Iranzo, M. Stokholm, K. Stær, K. Østergaard, M. Eroles, M. Otto, K. Svendsen, A. Pla, D. Vilas, P. 
Borghammer, J. Santamaria, A. Møller, C. Gaig, D. Brooks, E. Tolosa, L. Østergaard, N. Pavese (Aarhus N, 
Denmark) 
Objective: To assess whether changes in brain capillary function measured with magnetic resonance imaging (MRI) 
can be detected in patients with REM sleep behavior disorder (RBD), a condition that is a prodromal phenotype 
of  Parkinson’s disease and Dementia with Lewy bodies. 
Background: There is growing evidence that capillary dysfunction (changes in capillary morphology or blood 
rheology) may play a role in the etiology of some stroke subtypes but also in neurodegenerative diseases such as 
Alzheimer’s disease [1]. However, the presence of capillary dysfunction in Parkinson’s disease (PD) and in patients 
at high risk of PD has not been investigated yet. 
Methods: Twenty polysomnography confirmed RBD patients with no evidence of parkinsonism and/or cognitive 
impairment, and 25 age-matched healthy controls were assessed with perfusion MRI to measure microvascular 
cerebral blood volume (CBV), cerebral blood flow (CBF), mean transit time (MTT), capillary transit time 
heterogeneity (CTH), and predicted tissue oxygen tension (PtO2) according to our model [2]. 
Results: CBF was reduced in RBD patients primarily in the frontal regions (p<0.05), while the microvascular flow 
in terms of elevated MTT and CTH was additionally disturbed in temporoparietal regions, precuneus and occipital 
lobes (p<0.05). These altered microvascular flows predict a significantly lowered tissue oxygen tension compared to 
controls according to the model. Low PtO2 was found throughout cortex (p<0.05) with a highly significant cluster in 
the parietal lobe (p<0.0001). 
Conclusions: Our findings suggest that changes in brain microvascular cerebral blood flow are present in RBD 
patients. These changes could contribute to the development of neurodegenerative processes in these patients and 
potentially provide a predictive biomarker for disease progression to parkinsonism and/or cognitive impairment. 

1883 
Composite UHDRS shows extensive spatial correlation with grey matter and white matter volume in 
Huntington’s disease gene carriers 
C. Estevez-Fraga, E. Johnson, F. Rodrigues, P. Zeun, A. Durr, D. Langbehn, B. Leavitt, R. Roos, S. Gregory, R. 
Scahill, G. Rees, S. Tabrizi (London, United Kingdom) 
Objective: This work sought to determine the structural correlates of variability in cUHDRS in HD gene expansion 
carriers (HDGC). 
Background: Symbol digit modalities test (SDMT), Stroop word-reading test and Total Motor Score (TMS) are the 
most reliable clinical measures in Huntington’s disease (HD). Recently a composite measure of motor, cognitive and 
functional outcome (cUHDRS) has been proposed as a sensitive clinical tool in early HD (1). 
Methods: Participants were recruited from the TRACK-HD study which included 120 premanifest (preHD) and 123 
early HD patients. Clinical assessments were performed at four sites. 3T MRI data were acquired according to a 
standardized protocol. Nine participants were excluded from the analysis due to poor quality scan or incomplete 
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clinical assessments leaving a total of 234 HDGCs (118 preHD and 116 early HD). Correlation analysis was 
performed using voxel-based morphometry (VBM) in SPM12.  We studied the correlation between SDMT, Stroop, 
TMS and cUHDRS scores with grey matter (GM) and white matter (WM) volumes at baseline. 
Results were considered significant at cluster-level p<0.05 (FWE-corrected). 
Results: Clinical impairment in HDGC was correlated with GM volume in caudate and putamen as well as with 
surrounding WM volume. This correlation between cUHDRS and both GM (image 1)  and WM volumes was 
spatially extensive and statistically significant. 
Conclusions: In HDGCs, cUHDRS shows a significant correlation with GM and WM volumes in a fashion that 
extends throughout the basal ganglia and surrounding WM, suggesting this composite clinical measure links closely 
with underlying HD pathology. 
References: 1. Schobel SA, Palermo G, Auinger P, Long JD, Ma S, Khwaja OS, et al. Motor, cognitive, and 
functional declines contribute to a single progressive factor in early HD. Neurology. 2017;89(24):2495–502. 
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1884 
Impaired cerebral vasoreactivity in patients with Parkinson’s disease: clinical and imaging correlates 
I. Estrada-Bellmann, D. Cantú-García, S. Castillo-Torres, A. Mendoza-García, H. Sánchez-Terán, D. Díaz-Pérez, 
D. Roque-Martínez, S. Saldívar-Dávila, H. Martínez, T. Moreno-Andrade, B. Chávez-Luévanos, F. Góngora-Rivera 
(Monterrey, NL, Mexico) 
Objective: To determine the clinical and imaging correlates of impaired cerebral autoregulation as measured with 
cerebral vasoreactivity (CVR) in patients with idiopathic Parkinson’s disease (PD). 
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Background: Contribution of subclinical cerebrovascular disease (CVD) on Parkinson’s disease remains 
controversial. Impaired cerebral autoregulation (loss of cerebral vasoreactivity), and leukoaraioisis (white matter 
damage) represent non-invasive markers of CVD, which have been reported in PD patients to increase mortality[1, 
2]; yet their impact on severity remains unknown[3]; Thus, we designed a study to assess CVR and its clinical and 
imaging correlates in a cohort of PD patients. 
Methods: Consecutive patients with PD diagnosis underwent transcranial Doppler Ultrasound (temporal bone 
window) was performed in ON state, and mean blood flow velocity (cm/s) was recorded before and after stimulus 
with 7% carbon dioxide inhalation during 5-minutes. Impaired CVR was defined as a difference less than 5% after 
hypercapnic stimulus [4]. Leukoaraiosis was evaluated with Fazekas scale. We excluded those with history of CVD 
(stroke or transient ischemic attack). 
Results: 72 patients were included, and impaired CVR was found in 39 (54.2%), when comparing variables between 
groups, we found that patients with impaired CVR had a higher proportion of non-tremor dominant phenotype at 
onset (56.4% vs 27.3%; p=0.013), and were receiving significantly higher levodopa equivalent daily doses 
(965.9±610.6mg vs. 689.3±383.1, p=0.025), without difference in disease duration, or severity. Patients with 
impaired CVR had a significantly higher prevalence of white matter changes (Figure 1). 
Conclusions: In PD patients, impairment of cerebral vasoreactivity is highly prevalent and associated with of white 
matter changes (but not severity), and higher levodopa doses, albeit unrelated to disease severity or duration. 
References: 1. Rektor I, Goldemund D, Bednarik P, Sheardova K, Michalkova Z, Telecka S, et al. Impairment of 
brain vessels may contribute to mortality in patients with Parkinson's disease. Mov Disord. 2012;27(9):1169-72. 2. 
Malek N, Lawton MA, Swallow DM, Grosset KA, Marrinan SL, Bajaj N, et al. Vascular disease and vascular risk 
factors in relation to motor features and cognition in early Parkinson's disease. Mov Disord. 2016;31(10):1518-26. 3. 
Song IU, Lee JE, Kwon DY, Park JH, Ma HI. Parkinson's disease might increase the risk of cerebral ischemic 
lesions. Int J Med Sci. 2017;14(4):319-22. 4. Zamani B, Mehrabani M, Fereshtehnejad SM, Rohani M. Evaluation 
of cerebral vasomotor reactivity in Parkinson's disease: is there any association with orthostatic hypotension? Clin 
Neurol Neurosurg. 2011;113(5):368-72. 
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1885 
Depressive Symptoms are Associated with Lower Locus Coeruleus Volumes in Parkinson's disease 
C. Farrell, G. Pagano, E. De Natale, M. Politis (London, United Kingdom) 
Objective: To assess locus coeruleus volumes in Parkinson's disease patients with depressive symptoms. 
Background: Depression associated with Parkinson disease (PD) has a different symptom profile to endogenous 
depression, with high frequency and severity of anxiety. The aetiology of depression in PD remains uncertain 
though abnormal noradrenergic neurotransmission could play a role. We aimed to assess the integrity of locus 
coeruleus function via in vivoneuromelanin-sensitive MRI in antidepressant-naive patients with PD. 
Methods: Thirty-four patients with PD were enrolled and underwent a full clinical battery including the patient-
reported Beck Depression Inventory-II (BDI-II), the clinician-reported Hamilton Rating Scale for Depression 
(HRSD), and the structured clinical interview for DSM-IV Axis I Disorders (SCID-I). All subjects underwent a 3T 
neuromelanin-sensitive MRI. 
Results: Ten of 34 patients with PD (29.4%) had BDI-II and HRSD scores above the discriminative cut-off for PD 
depression though only half of these patients could be classed on SCID-I criteria as having an anxiety/mood 
disorder. Patients with PD with the highest scores for depression symptoms showed significantly lower volume of 
locus coeruleus (P<0.05) on neuromelanin-sensitive MRI compared to low score cases, and lower volume of locus 
coeruleus was correlated with higher BDI-II (r=0.671, P<0.001) and HRSD scores (r=0.751, P<0.001). 
Conclusions: Depressive symptoms in antidepressant-naive patients with PD correlate with lower volume in the 
locus coeruleus possibly reflecting lower extracellular noradrenaline levels. Our data are compatible with a key role 
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of abnormal noradrenergic neurotransmission contributing to the pathophysiology of PD depression. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology Conference. 

1886 
Dynamic functional connectivity signature of cognitive decline in Parkinson’s disease 
E. Fiorenzato, A. Strafella, J. Kim, R. Schifano, L. Weis, A. Antonini, R. Biundo (Venice, Italy) 
Objective: Aim of the present study was to characterize the dynamic changes of functional connectivity associated 
with Parkinson’s disease (PD) cognitive decline using dynamic functional connectivity (DFC) approach. 
Background: DFC helps capture temporal variations of functional connectivity during magnetic resonance imaging 
acquisition and it may be a suitable method to capture changes related to cognitive deficits in PD. 
Methods: One-hundred eighteen PD patients were matched for age, sex and education with 35 healthy controls 
(HC), and classified as 52 PD with normal cognition (PD-NC), 46 with mild cognitive impairment (PD-MCI), and 
20 with dementia (PDD) based on an extensive cognitive evaluation. Resting-state scans were acquired on 1.5T 
scanner in two consecutive scanning runs of approximately eight minutes each. A sliding window approach was 
used to study the DFC. We investigated the temporal properties of DFC states by computing the average dwell time 
and fractional windows in each state, as well as the number of transitions from one state to another. 
Results: Dynamic analysis suggested two distinct connectivity states across the entire group: a more frequent, 
segregate brain state characterized by the predominance of within-network connections, State I, and a less frequent, 
integrated state with strongly connected functional inter-network components, State II. In PD, the occurrence of 
State I occurred 13.89% more often than in HC, paralleled by a proportional reduction of State II. Subgroups 
analyses showed the segregated state occurred more frequently in PDD than in PD-MCI and PD-NC. Further, 
PDD dwelled significantly longer in the segregated State I, and showed a significant lower number of transitions to 
the strongly interconnected State II compared to the other groups. 
Conclusions: Our study indicates cognitive decline in PD is characterized by altered temporal properties in dynamic 
connectivity, suggesting reduced ‘crosstalk’ between brain networks and increased segregation. To finalize, our 
findings provide novel insight into dynamic functional changes of cognitive deficits in PD, which can possibly 
reflect PD cognitive states and serve as a prognostic biomarker of cognitive decline. 

1887 
Relative Preservation of Serotonergic Function Increases Response to Treatment in Early PD 
J. Fu, M. Matarazzo, I. Klyuzhin, K. Cheng, C. Bevington, J. McKenzie, N. Heffernan, E. Shahinfard, M. McKeown, 
A.J. Stoessl, V. Sossi (Vancouver, BC, Canada) 
Objective: To investigate interactions between the serotonergic and dopaminergic systems in early PD as related to 
(i) response to treatment and (ii) dopamine (DA) release, a predictor of future treatment related motor complications 
(1). 
Background: The serotonergic system can contribute to DA release but lacks regulatory feedback (2). A relative 
preservation of serotonergic function may thus increase therapeutic efficacy in early disease, while becoming a risk 
factor as disease progresses. Identification of a relevant serotonergic/dopaminergic pattern in early disease may help 
to identify progression phenotypes. A novel joint multimodal analysis approach (3)  was used to explore this 
hypothesis 
Methods: 15 early stable PD subjects (disease duration 56±34 months) were scanned in the Siemens High 
Resolution Research Tomograph with: a) [11]C-DTBZ (VMAT2 marker) and [11]C-MP (DAT marker) to assess 
dopaminergic integrity; b) [11]C-DASB (SERT marker) to examine serotonergic integrity and c) double [11]C-RAC 
(D2 receptor marker) to estimate levodopa-induced DA release. Multiset canonical correlation analysis (MCCA) (3) 
applied to tracers’ binding values (BPND) (4) was used to extract highly correlated subject scores (SS)  along each 
canonical variate for each tracer. MCCA loadings (ROI weights) visualized the spatial patterns which were validated 
with permutation tests and leave-one-out cross validation. 
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Results: A significant (p=0.004) relevant pattern was identified: SS for DA release correlated positively with DASB 
(p=0.024), positively with change in Unified PD Rating Scale after LD administration (p=0.045) and negatively with 
LD equivalent dose (p=0.042) after correcting for age of disease onset and duration. The associated spatial patterns 
comprised reduced dopaminergic function, increased serotonergic function and increased DA release in the 
putamen. 
Conclusions: These results support the hypothesis that early PD subjects with relatively preserved serotonergic 
innervation in the putamen respond better to LD therapy. Higher DA release was associated with relatively 
preserved serotonergic function in the presence of a relatively higher dopaminergic deficit indicating that (i) the 
impact of the serotonergic system on DA release is already relevant in early disease and (ii) subjects strongly 
expressing this pattern may be at higher risk of complications – to be verified with longitudinal clinical observations 
References: 1. de la Fuente-Fernandez R, Lu JQ, Sossi V, et al. Biochemical variations in the synaptic level of 
dopamine precede motor fluctuations in Parkinson's disease: PET evidence of increased dopamine turnover. Ann 
Neurol. 2001;49:298-303. 2. Carta M, Carlsson T, Kirik D, Bjorklund A. Dopamine released from 5-HT terminals is 
the cause of L-DOPA-induced dyskinesia in parkinsonian rats. Brain. 2007;130:1819-1833. 3. Correa NM, Li YO, 
Adali T, Calhoun VD. Canonical Correlation Analysis for Feature-Based Fusion of Biomedical Imaging Modalities 
and Its Application to Detection of Associative Networks in Schizophrenia. IEEE J Sel Top Signal Process. 
2008;2:998-1007. 4. Innis RB, Cunningham VJ, Delforge J, et al. Consensus nomenclature for in vivo imaging of 
reversibly binding radioligands. J Cereb Blood Flow Metab. 2007;27:1533-1539. 

1888 
Usefulness of Cardiac MIBG Scintigraphy, DAT scan and midbrain/pontine ratio to differentiate Parkinson 
disease from atypical parkinsonian syndrome 
H. Fujita, K. Suzuki, Y. Watanabe, M. Hamaguchi, K. Hirata (Mibu, Japan) 
Objective: The purpose of this study was to evaluate the usefulness of cardiac 123I-metaiodobenzylguanidine 
(MIBG) uptake, Dopamine transporter (DAT) scan and midbrain/pontine ratio (M/P ratio) on magnetic resonance 
images (MRI) in differentiating Parkinson’s disease (PD) from atypical parkinsonian syndromes (APSs) such as 
multiple system atrophy (MSA) and progressive supranuclear palsy (PSP). 
Background: Clinical differentiation between PD and APSs is sometimes difficult. 
Methods: Cardiac MIBG scintigraphy, DAT scan, and MRI were carried out in 89 patients with PD (age, 68.3±10.1 
years), 23 patients with MSA (age, 67.9±8.7 years), and 17 patients with PSP (age, 72.3±8.3 years). The specific 
binding ratio (SBR) of the striatum was semi-quantitatively calculated using QSPECT or DAT view software. 
Striatal asymmetry index (SAI) of the SBR was calculated using the following formula [(SAI）=|(SBRRight-
SBRLeft)/(SBRRight+SBRLeft)|×2×100(%)]. M/P ratio was manually measured using MRI sagittal section of T1 
weighted images by the same neurologist blinded to the diagnosis and other clinical information. 
Results: To differentiate PD from APSs, the delayed heart-to-mediastinum (H/M) ratio of cardiac 123I-MIBG 
uptake was significantly lower in patients with PD compared with those with APSs (2.06±0.98 vs. 3.04±0.71, 
P<0.001). SAI and M/P ratio were lower in patients with PD than those with APSs but the differences were not 
statistically significant (16.0±25.7 vs. 26.1±37.3, P=0.164; 0.24±0.035 vs. 0.26±0.093, p=0.839, respectively). In 
subgroup analysis, the delayed H/M ratio of MIBG and M/P ratio were significantly lower in patients with PD than 
those with MSA (3.24±0.51, p<0.001; 0.31±0.087, p=0.005, respectively). The delayed H/M ratio of MIBG and 
M/P ratio were significantly different in patients with PD and those with PSP (2.79±0.85, p=0.012; 0.20±0.050, 
p=0.002, respectively). SAI was lower in patients with PD than those with PSP (34.12±51.39, p=0.173), but the 
difference was not statistically significant. 
The area under the ROC curve for cardiac MIBG scintigraphy, SAI, and M/P ratio in differentiation of PD from 
APSs were 0.78 (95%CI, 0.69-0.88), 0.60 (95%CI, 0.46-0.75), and 0.51 (95%CI, 0.35-0.68) respectively. 
Conclusions: Cardiac MIBG scintigraphy and M/P ratio may be useful in distinguishing PD from MSA and PSP. 
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1889 
Imaging biomarker for progression of motor symptoms in advanced Parkinson's disease 
K. Furukawa, N. Sawamoto, A. Shima, D. Kambe, A. Nishida, I. Wada, H. Sakamaki, K. Yoshimura, Y. Fushimi, T. 
Okada, K. Togashi, R. Takahashi (Kyoto, Japan) 
Objective: The aim of the present study is to clarify correlation between motor deficits and dopaminergic neuronal 
loss in advanced Parkinson’s disease (PD). 
Background: Series of clinical studies in PD reported that loss of dopaminergic terminals in the dorsal putamen 
correlate with motor symptoms. However, pathological findings demonstrated that dopamine fibers in the dorsal 
putamen are almost absent by 4-5 years post-diagnosis while motor symptoms still continue to deteriorate beyond 
that period. Here, we investigate clinical correlation between neuronal loss and motor deficits in patient with 
advanced PD. The loss of striatal dopaminergic terminals were evaluated using presynaptic dopamine transporter 
tracer, 123I-FP-CIT. The density of nigral dopaminergic cell bodies were also assessed by neuromelanin MRI 
imaging becausepost-mortem findings showed loss of nigral melanized neurons lags behind the loss of 
dopaminergic markers in the dorsal putamen, with more gradual loss in the first decade and thereafter. 
Methods: We recruited 45 patients with advanced PD (disease duration ≧5 years: age 66.5±8.2). Motor symptoms 
were measured by MDS-UPDRS part Ⅲ score during practically defined off state. The binding ratio of 123I-FP-
CITwas quantified by DaTQUANT software. Neuromelanin MRI imaging was acquiredand the contrast-to-noise 
ratio (CNR) of the substantia nigra (SN) and pontine region was calculated. Regression analysis was performed to 
evaluate the associations of MDS-UPDRS part Ⅲ score ofwith the binding ratioof striatal123I-FP-CIT uptake and 
withCNR of the SN. 
Results: Correlation between the MDS-UPDRSpart Ⅲscore (41.7 ± 14.3) andthe binding ratioof striatal123I-FP-
CITuptake (0.69 ± 0.21)did not reach significant level (r = 0.24, P = 0.09). Negative correlation between MDS-
UPDRS part Ⅲ score and CNR of the SN(1.19 ± 0.03) was significant (r= 0.37, P < 0.05). 
Conclusions: These results suggest that severity of motor symptoms in advanced PD is associated with the degree 
of damage in nigral dopaminergic cell bodies assessed by neuromelanin MRI imaging rather than the degree of loss 
of striatal dopaminergic terminals evaluated with presynaptic dopamine transporter tracer. 
References: Jeffrey H. Kordower, C. Warren Olanow, Hemraj B. Dodiya et al. Brain.2013:136 2419-2431. 

1890 
Changes in Neuromelanin MRI Signal in Parkinson’s Disease: A Longitudinal Study 
R. Gaurav, L. Yahia-Cherif, G. Mangone, N. Pyatigorskaya, R. Valabregue, C. Ewenczyk, M. Hutchison, J. Corvol, 
M. Vidailhet, S. Lehéricy (Paris, France) 
Objective: To investigate the neuromelanin (NM) signal changes in Parkinson’s disease (PD) patients associated 
with disease progression. 
Background: PD is characterized by the progressive loss of dopaminergic neurons in the substantia nigra pars 
compacta (SNpc). Dopaminergic neurons contain NM pigment, which results in high T1-weighted (T1-w) signal on 
MRI [1]. The NM signal is reduced early in the SNpc in PD [2]. MRI-NM could be used to monitor disease 
progression and response to therapies, which requires characterizing the longitudinal NM signal variations in the 
SN. 
Methods: We prospectively studied two cohorts of early PD (Iceberg) and advanced PD (Nucleipark) and their 
respective healthy volunteers (HV). Subjects were scanned at 3T MRI (Iceberg: PRISMA, Nucleipark: TRIO, 
Siemens) using 3D T1-w and NM-sensitive images, acquired using 2D axial turbo spin echo [table1]. 
SN regions of interest (ROI) were manually delineated by two independent examiners using FreeView as the 
hyperintense area dorsal to the cerebral peduncle and ventral to the red nucleus [figure1] [3]. Signal using the 
manually traced background region and volumes of NM ROI normalized using total intracranial volume (TIV) were 
calculated. 
Results: Clinical characteristics. 51 patients and 20 age-matched HV had NM-imaging for Iceberg whereas 30 
patients were compared with the 23 HV for Nucleipark [table2]. Volume measurements. There was excellent 

This article is protected by copyright. All rights reserved.



reproducibility between the ROI segmentations for both Iceberg (DICE inter-observer: 0.82, ICC for volume: 0.78) 
and Nucleipark (DICE inter-observer: 0.77, ICC for volume: 0.84). 
Early PD demonstrated a statistically significant effect for both factors with a significant reduction in SN volume 
between V1 and V2 (p<0.001) compared to the HV. Longitudinal changes were not significantly different for signal 
intensity whereas advanced PD demonstrated a significant reduction between V1 and V2 in both SN volume 
(p<0.005) and signal intensity (p<0.005) [table3] [figure5]. The average annual rate of decline for volume corrected 
by TIV was 10.3% in advanced PD, 4.0% in early PD, and 1.9% in HV. 
Conclusions: There was a progressive and measurable decrease in NM-SN signal and volume in PD patients over 
time. NM imaging might allow a direct noninvasive assessment of progression of SN cellular loss in PD and a 
potential target for disease modification biomarker in drug trials. 
References: 1. Sulzer, David, et al. "Neuromelanin detection by magnetic resonance imaging (MRI) and its promise 
as a biomarker for Parkinson’s disease." NPJ Parkinson's disease 4.1 (2018). 2. Pyatigorskaya, N. et al. "Magnetic 
Resonance Imaging Biomarkers to Assess Substantia Nigra Damage in Idiopathic Rapid Eye Movement Sleep 
Behavior Disorder. Sleep 40, (2017). 3. Pyatigorskaya, N. et al. Comparative study of MRI biomarkers in the 
substantia nigra to discriminate idiopathic Parkinson disease. Am. J. Neuroradiol. 39, 1460–1467 (2018). 
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1891 
Functional MRI activation during the Symbol Digit Modalities Test in Parkinson’s disease 
G. Grolez, R. Viard, R. lopes, J.P. Pruvo, K. Dujardin, L. Defebvre, C. Moreau (Lille, France) 
Objective: To assess alterations in functional brain activation patterns related to mental slowing in patients with 
Parkinson’s disease (PD). 
Background: Attentional deficits, namely mental slowing, are frequent in PD. However, the mechanisms at the 
origin of mental slowing have been poorly investigated in PD. A MRI-compatible version of the Symbol Digit 
Modalities Test (SDMT) has been developed to explore these mechanisms in healthy individuals but has never been 
used in PD. 
Methods: 17 PD patients and 11 sex- and age-matched healthy controls (HC) were enrolled. Patients were assessed 
after receiving their usual antiparkinsonian treatment. Subjects were scanned with a 3T Philips Achieva (Philips, 
Netherlands). High- resolution 3D T1-weighted images were acquired as well as BOLD images during the SDMT 
activation sequence. The task consisted of 3 blocks of 48 stimuli. Each stimulus represented a SDMT item where at 
the top, an answer key with nine symbols and their correspondent numbers was presented and at the bottom a 
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symbol/number combination. The subject was asked to indicate, by pressing a button on a joystick, whether or not 
the symbol/number combination was right or false. SDMT-related brain networks were extracted from one-sample 
T-test maps for HC and PD. In each hemisphere, regions were identified by selecting 100 voxels around the peak of 
each significant cluster (p<0.05 after correction for the false discovery rate), additional ROI analyses were 
performed using MarsBaR. 
Results: Mean score at the MoCA was 26.4 (4.1), mean SDMT performance was 42.9 (18.4) correct responses. 
Performance at both versions of the SDMT versions highly correlated (r=0.920). When performing the SDMT, both 
groupes displayed activation in frontal, parietal and occipital regions which were previously shown to be involved in 
attention. In PD, activation was lower in several parts of the cerebellum, bilateral occipital cortex and in the right 
supramarginal gyrus, compared with HC. 
Conclusions: Mental slowing is observed even in cognitively-intact PD patients. This is related to an alteration of 
the brain activation patterns when performing task assessing speed of processing. Our results suggest an 
involvement of the right supramarginal gyrus, an important interface intergrating multiple information, in mental 
slowing in PD. 
 
 

1892 
Longitudinal Analysis of the Corticospinal tract microstructure in Parkinson’s Disease Patients 
R. Guimarães, L. Piovesana, P. Azevedo, B. Campos, F. Cendes (Campinas, Brazil) 
Objective: To assess longitudinal abnormlities throughout  the corticospinal tract in Parkinson’s Disease patients. 
Background: Parkinson’s Disease (PD) is a neurodegenerative progressive disease might become a pandemic 
disease in the recent future[1] [2]. Considering that, the pathophysiology is still not fully understood,  the 
longitudinal analysis allows an in vivo observation of brain alterations over time, making it possible to infer some 
hypothesis about disease progression. 
Methods: DTI microstructural parameters of the cortical-spinal tract (CST) were obtained using the software 
ExploreDTI. The DTI images were corrected for signal drift, Gibbs’ rings, susceptibility artifact, Eddy currents and 
movement and then registered to a subject T1 weighted image. We used a semi-automatic methodology for fiber 
tracking based on strategies drawn on a reference template. The tracts were uniformly resampled and divided into 8 
segments [Figure1]. Thus, we analyzed average FA (FA_avg), AD (AD_avg) and RD (RD_avg) values of right and 
left CST to avoid type I error. We performed a one-way repeated-measures analysis of covariance. However, since 
the time between acquisitions varied greatly  1-6 years), we included this interval as a nuisance covariate. Three 
models were built, one for each measure. 
Results: Patients demographics are described in table 1. [Table1]. Overall, we found a significant multivariate effect 
of time in FA_avg (F8,31= 3.85, p = 0.003) and RD_avg (F8,31= 46.55, p < 0.001) but not AD_avg (F8,31= 1.54, p 
= 0.181). Univariate post-hoc pairwise comparisons showed a significant reduction of FA over time in segments 1 (p 
= 0.016) and 4 (p = 0.042) of the CST. For RD_avg, we found increased values over time in segments 4 (p = 0.003), 
5 (p = 0.016) and 6 (p = 0.003). However, RD_avg were decreased at baseline compared to the follow-up 
acquisition (p < 0.001).However, ADM were decreased at baseline compared to the follow-up acquisition in all, but 
the first segment, in a univariate post-hoc comparison. 
Conclusions: We found an increase in FA and a decrease in RD values,  indicating neurodegeneration in the CST in 
PD patients in different segments.  These diffusion measures might be a valuable biomarker of disease progression. 
Larger longitudinal studies are needed to indicate if these values can be used as sensitive and clinically meaningful 
measures of disease progression in PD. 
References: 1. Tysnes, O.B. and A. Storstein, Epidemiology of Parkinson's disease. J Neural Transm (Vienna), 
2017. 124(8): p. 901-905. 2. Dorsey, E.R. and B.R. Bloem, The Parkinson Pandemic-A Call to Action. JAMA 
Neurol, 2018. 75(1): p. 9-10. 
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1893 
Does Physical Activity impact Resting State Functional Connectivity in Parkinson Disease Patients? 
R. Guimarães, A. Vieira, B. Campos, L. Piovesana, P. Azevedo, J. Zuiani, A. D'Abreu, F. Cendes (Campinas, Brazil) 
Objective: This study aimed to analyze the impact of physical activity practice among PD patients thought resting-
state functional magnetic resonance imaging. 
Background: The physiopathology of Parkinson’s Disease isn’t completely understood, but recent evidence 
demonstrates that symptoms can be managed through pharmacological and non-pharmacological interventions. 
Physical activity has become a valuable tool to attenuate motor and non-motor symptoms. Considering the 
variability of symptoms and the still unclear etiology of PD, MRI-based studies are essential to understanding the 
mechanisms underlying the disease. 
Methods: We included 61 patients and divided them into two groups: active and non-active. The active group was 
further divided into active-walk and active-other. All patients underwent the same MRI protocol and were assessed 
by clinical scales and a complete neurological evaluation. EPI sequences were performed to assess functional 
alterations in the default mode network, right and left executive networks and sensory-motor network between 
active and non-active patients. 
Results: Patient's charachteristics are described in table 1. [Table 1]. Inter and intranetwork alterations were found, 
and changes were observed in all comparisons performed, demonstrating that physical activity does promote brain 
changes [Figure 1] [Figure 2] [Figure 3]. One interesting finding was that functional connectivity was also different 
between patients who walked, as an activity and patients who performed other kinds of activities [FIgure 4]. 
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Conclusions: Although this was a cross-sectional study, we demonstrated altered functional connectivity between 
active and non-active patients, and this could enlighten the path to find the adequate dosage, intensity and type of 
physical activity to improve Parkinson’s symptoms. 

 

 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

1894 
Neural correlates of compensatory process and impaired working memory in Parkinson’s disease during 
disease progression 
T. Hattori, R. Reynolds, S. Horovitz, G. Chen, C. Lungu, E. Wassermann, M. Hallett (Tokyo, Japan) 
Objective: We aimed to elucidate neural responses associated with working memory (WM) tasks in Parkinson's 
disease (PD) patients during disease progression. 
Background: PD patients often have impaired working memory, which worsens with disease progression. 
Methods: Eighteen PD patients with normal cognition (PD-CogNL); 17 with PD with mild cognitive impairment 
(PD-MCI); 11 with PD with dementia (PDD); and 17 healthy subjects were enrolled. In a 3-Tesla MRI scanner, 
subjects performed an n-back task, including 0, 1, 2 and 3-back loads. Event-related functional MRI analysis was 
performed for correct responses. Region of interest (ROI) masks for WM-related areas were created by comparing 
1-, 2-, 3-back task and 0-back task for all subjects. Beta-weight in each WM-related ROI for performing 0-back, 1-
back, 2-back or 3-back task in contrast to baseline (staring at fixation cross) was compared among patient subgroups 
and HV group using Bayesian Multilevel Modeling. 
Results: WM-related ROIs were created for the bilateral dorsolateral prefrontal cortex (DLPFC), rostral prefrontal 
cortex (RPFC), inferior parietal lobule (IPL), superior parietal lobule (SPL), frontal eye field (FEF) and anterior 
cingulate cortex (ACC). In the 0-back task, all PD subgroups had more activation than HVs in some of the ROIs. 
PDD had more activation than PD-CogNL or PD-MCI in all ROIs. In the 1-back task, PDD had more activation than 
HV in all ROIs. In the 2-back task, PD-CogNL had more activation than HV or PD-MCI in some ROIs. In the 3-
back task, PD-CogNL had more activation than HV, PD-MCI or PDD in some ROIs. 
Conclusions: Our results suggest that PD patients have hyperactivation in WM-related areas during performing a 
working memory task, which may be a compensatory process allowing PD-CogNL patients to successfully maintain 
normal cognitive function. While PD-MCI and PDD use this compensatory process for lower cognitive loads (0-
back and 1-back task), no additional resource might be left to hyperactivate for higher cognitive loads (2-back and 3-
back task), resulting in impaired cognitive function. 
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1895 
Measuring disease progression with neuroimaging in MSA-a systematic review 
B. Heim, F. Krismer, W. Poewe, K. Seppi (Innsbruck, Austria) 
Objective: To assess longitudinal changes of serial neuroimaging-derived parameters in MSA. 
Background: Different neuroimaging modalities hold potential as surrogate markers of neurodegeneration in 
multiple system atrophy(MSA). Serial neuroimaging is able to study lesion progression in vivo and seem to have 
lower progression rate variability than clinical assessments. We conducted a literature research and summarized the 
results in this review focusing on neuroimaging as a tool to measure disease progression in MSA. 
Methods: Studies were identified through a systematic literature research. Papers were selected based on stringent 
inclusion criteria; minimum requirement was the inclusion of patients with parkinsonian and cerebellar variant of 
MSA (MSA-P, MSA-C) and the performance of serial imaging. The coefficient of variation (COV) is given for each 
neuroimaging-derived progression rate. 
Results: DAT binding decline in the anterior striatum (n=1) and microglial activation assessed with PK11195-PET 
(n=1) are both sensitive to change over time in MSA-P. MSA-C-specific progression pattern of cerebral glucose 
metabolism includes the cerebellum and different cortical areas (n=1). Regional atrophy rates of infratentorial 
structures (pons, cerebellum) are sensitive to change over time in MSA-P (n=1), while whole brain atrophy rate 
seems to be sensitive to change over time in earlier disease stages only (n=1). MSA-P-specific progression-pattern 
include different cortical and subcortical areas (n=1), while MSA-C-specific progression-pattern includes the 
cerebellum and different cortical areas (n=1). Moreover, abnormal putaminal diffusivity is sensitive to change over 
time in MSA (n=2). Number of patients needed to detect a drug effect with an anticipated ability to reduce the 
progression rate of neuroimaging marker by 30% over 1year with a power of 90% ranges between 80-283 depending 
on the imaging marker used compared to 171-391 patients needed using clinical markers. 
Conclusions: Different modalities hold potential as surrogate markers of underlying neurodegeneration and may 
reflect cell loss, altered glucose metabolism, microglial proliferation, astroglial activation, and nigrostriatal 
denervation. Furthermore, serial neuroimaging is able to study lesion progression in vivo and seem to have lower 
variability of progression rates than clinical rating scales such as these markers might be more suitable especially in 
proof-of-concept phaseII trials. 

1896 
Imaging Brain Insulin Resistance in Parkinson's Disease using [¹⁸F]FDG-PET 
E. Hogg, P. Linesch, T. Wu, E. Tan, Z. Fan, W. Gao, A. Waxman, M. Tagliati (Los Angeles, CA, USA) 
Objective: To obtain a glucose brain uptake survey of Parkinson's Disease (PD) patients with or without insulin 
resistance (IR). 
Background: IR is common in PD and impaired insulin signaling is believed to cause or exacerbate 
neurodegeneration. However, while peripheral IR can be measured by several methods including the Homeostatic 
Model Assessment or HOMA-IR and hemoglobin A1C (HbA1C), it is currently impossible to determine the degree 
of brain or central IR in PD. Based on previous studies in neurodegeneration, fludeoxyglucose positron emission 
tomography ([¹⁸F]FDG-PET) is a potential biomarker of central IR in PD. We hypothesize that peripheral IR will 
negatively correlate with brain glucose metabolism in relevant regions of interest. 
Methods: A [¹⁸F]FDG-PET scan was obtained in non-diabetic PD patients. DICOM images were quantitatively 
analyzed with NeuroSTAT. A stereotactic surface projection (3D-SSP) technique mapped hit counts onto surface 
voxels, and the mean voxel hit counts were normalized by comparing each voxel to the global hit counts. Finally, a 
Z-score was determined using a two tailed t-test. Peripheral IR was defined by HbA1C ≥ 5.7 or HOMA-IR ≥ 
2.0. Subjects were compared by IR status and to a database of elderly controls (Alzheimer’s Disease Neuroimaging 
Initiative) using t-test comparison with a significance level set at p>0.01. Areas with decreased glucose metabolism 
were identified by neuroradiologists (AW, PL) blinded to IR status. 
Results: 20 subjects were recruited in the study, of which 10 (50%) had peripheral IR. Independent of IR status, PD 
subjects (n=20) showed areas of relative hypometabolism in the occipital, parietal, and posterior frontal lobes (z ≥ 3-
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5, p<0.01) when compared to a group of controls (n=29). When compared to PD patients with normal peripheral 
glucose metabolism (n=10), those with peripheral IR (n=10) showed scattered areas of focal hypometabolism in the 
parietal and frontal lobes, including the pre-central gyrus (z ≥ 2-3, p<0.05). 
Conclusions: As previously described, [¹⁸F]FDG-PET documented a relative reduction in glucose metabolism in 
our cohort of non-diabetic PD patients. Interestingly, peripheral IR appears to be associated with at least some of 
these abnormalities, in particular those affecting frontal and motor planning areas. While limited by a small study 
sample, our results suggest that [¹⁸F]FDG-PET may play a role as an imaging biomarker for central IR in PD. 
References: Data used in preparation of this article were obtained from the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI) database (adni.loni.usc.edu). As such, the investigators within the ADNI contributed to the design 
and implementation of ADNI and/or provided data but did not participate in analysis or writing of this report. A 
complete listing of ADNI investigators can be found at: http://adni.loni.usc.edu/wp-
content/uploads/how_to_apply/ADNI_Acknowledgement_List.pdf Minoshima, S., Frey, K.A., Koeppe, R.A., 
Foster, N.L., and Kuhl, D.E. (1995). A Diagnostic Approach in Alzheimer’s Disease Using Three-Dimensional 
Stereotactic Surface Projections of Fluorine-18-FDG PET. J Nucl Med 36, 1238–1248. 

1897 
Cortical and subcortical atrophy in typical and variant Parkinson-plus syndromes: PROSPECT-M-UK study 
N. Holland, S. Jones, J. Woodside, E. Jabbari, V. Chelban, A. Costantini, P.N. Leigh, D. Burn, N. Pavese, A. 
Gerhard, C. Kobylecki, M. Hu, A. Church, J. Rohrer, H. Houlden, H. Morris, J. Rowe (Cambridge, United 
Kingdom) 
Objective: To investigate grey matter volume in typical and variant Parkinson-plus syndromes, to correlate these 
with disease severity, and to assess regional atrophy within disease subtypes. 
Background: Classical presentation of Parkinsonian syndromes of Progressive supranuclear palsy (PSP), 
Corticobasal Syndrome (CBS), and Multiple System Atrophy (MSA) have specific clinicopathological and 
radiological features. However, variant presentation and atypical Parkinson-plus disorders are less well 
characterised. 
Methods: We evaluated cortical and subcortical volumes from baseline MRI images in 7 participant groups 
recruited into the PROSPECT-M-UK study: healthy controls (n=35), PSP ‘Richardson’ subtype (PSP-RS, n=25), 
PSP ‘subcortical’ subtype (n=11), PSP ‘cortical’ subtype (n=8), CBS (n=15), MSA (n=17), and 14 patients with 
related but indeterminate diagnosis (Atypical Parkinsonian Syndrome – APS). We performed ANCOVA comparing 
volumes across cortical and subcortical structures between groups (corrected for age, gender and total intracranial 
volume). Post-hoc analyses compared each disease group with controls. In a subgroup of patients we report how 
regional atrophy correlated with disease severity (PSP Rating Scale), or was asymmetrical (laterality index). 
Results: Key volumetric differences were as follows: (1) midbrain-pons ratio in PSP-RS and MSA (p<0.001), (2) 
parietal and temporal lobes in PSP-cortical and CBS (p<0.001), (3) frontal lobes in PSP-RS, and PSP-cortical. In 
CBS the pattern of cortical atrophy was asymmetrical (P<0.05). Cerebellar volume was lower in MSA compared to 
controls (p<0.001). Using a general linear model, disease severity in PSP-RS correlated with atrophy in the 
temporal, frontal and parietal regions (p<0.05); in PSP-subcortical in frontal lobe and midbrain regions (P<0.05), 
and trends in CBS in frontal and pontine regions (P=0.06). 
Conclusions: We confirm cortical and subcortical volume loss in Parkinson-plus syndromes. Atrophy in select 
regions related to disease severity, although further work is required to determine longitudinal change. The 
PROSPECT-M-UK study data confirms atrophy patterns found in prior studies of typical PSP (PSP-RS), CBS and 
MSA, but also now indicates the distinct patterns of atrophy in variant phenotypes as reported by the new diagnostic 
criteria[1], which have excellent neuropathological correlation[2]. 
References: 1. Hoglinger, G. U. et al. Clinical Diagnosis of Progressive Supranuclear Palsy: The Movement 
Disorder Society Criteria HHS Public Access Author manuscript. Mov Disord 32, 853–864 (2017). 2. Gazzina, S. et 
al. Neuropathological validation of the MDS-PSP criteria with PSP and other frontotemporal lobar degeneration. 
bioRxiv 520510 (2019). doi:10.1101/520510 
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1898 
No link between striatal dopaminergic axons and dopamine transporter imaging in Parkinson’s disease 
E. Honkanen, L. Saari, K. Orte, M. Gardberg, T. Noponen, J. Joutsa, V. Kaasinen (Turku, Finland) 
Objective: The objective of this study was to investigate if dopamine transporter (DAT) binding is associated with 
dopaminergic neurites in the putamen. 
Background: Dopamine transporter binding, measured with functional brain imaging, has been considered a 
possible biomarker for nigrostriatal degeneration in Parkinson’s disease (PD). However, it appears that DAT binding 
may not correlate with nigral neuron quantity (1). It may still reflect the number of striatal axons in putamen due to 
axonal degeneration of the nigrostriatal neurons. 
Methods: Tyrosine hydroxylase positive (TH+) nerve fibers were counted from post mortem putamen sections 
taken from 14 parkinsonism patients who had been scanned with DAT SPECT ante mortem(PD n=10). The fiber 
counts were correlated with the putamen DAT binding and substantia nigra neuron counts. 
Results: The putamen DAT specific binding ratio (SBR) did not correlate with the putamen TH+ axon counts 
(r=0.00, p=1.0; PD patients: r=0.07, p=0.86). The correlations were nonsignificant in all subregions of the putamen. 
No correlations were found when the time interval between the SPECT and death was used as a covariate or when 
the symptom duration at the time of the scan was used as a covariate. The nigra neuron counts had a positive 
correlation with the putamen TH+ axon counts. 
Conclusions: Putamen DAT binding does not correlate with the dopaminergic axon counts of the same region. 
Therefore, striatal DAT imaging does not appear to be able to determine axonal nor somal loss of the nigrostriatal 
neurons in PD. DAT binding mayreflect dopaminergic activity or dopamine level rather than number of surviving 
neurons and their striatal projection axons. 
References: 1. Saari L, Kivinen K, Gardberg M, Joutsa J, Noponen T, Kaasinen V. Dopamine transporter imaging 
does not predict the number of nigral neurons in Parkinson disease. Neurology 2017;88(15):1461-1467. 

1899 
Association of MRI-derived estimated brain age and cognitive ability in Parkinson’s disease 
K.-L. Horne, R. Shoorangiz, L. Livingston, S. Grenfell, M. Almuqbel, B. Young, M. Pascoe, M. Livingstone, M. 
MacAskill, D. Myall, T. Pitcher, T. Anderson, J. Dalrymple-Alford, T. Melzer (Chrsitchurch, New Zealand) 
Objective: To characterise MRI-derived structural age-related brain health in Parkinson’s disease (PD) patients as a 
function of cognitive ability. 
Background: Normal ageing produces a stereotypical trajectory of structural brain changes, which can be quantified 
using machine learning techniques such as Relevance Voxel Machine (RVoxM) regression. Recent RVoxM work 
suggests an accelerated brain ageing in Alzheimer’s disease. Other neurodegenerative diseases, such as PD, may 
also exacerbate this age-related trajectory and produce premature brain atrophy. 
Methods: The study comprised of 212 PD patients (45 - 86 years; M = 70 years; at study entry PD-N = 96, PD-MCI 
= 85 and PDD = 31) who were assessed and scanned at least once over an 11-year period, totalling 571 participant 
sessions (PD-N = 226, PD-MCI = 172, and PDD = 50). Patients received a MR-T1-weighted 3D SPGR image and 
MDS Level II neuropsychological assessment to determine cognitive status. Global cognitive ability was expressed 
as an aggregate z score derived from averaging performance from tests conducted in four cognitive domains. An 
RVoxM model, trained on T1 scans from 101 healthy non-PD control participants (19 - 87 years; M = 55 years; 10-
fold cross validation), was applied to the PD cohort and used to estimate age at each MRI scan. The difference 
between estimated age relative to chronological age is referred to as the age-difference score, which was assessed 
across cognitive abilities within PD using Bayesian regression models; 95% uncertainty interval were used for 
statistical significance. 
Results: Compared to the PD-N group, the mean age-difference scores of the PD-MCI group was 3.8 years (95% 
uncertainty interval [2.2, 5.4]) greater and the PDD group was 6.2 years [3.6, 8.6] greater, when sex and years of 
education where accounted for. There was no evidence of a difference between the PD-MCI and PDD groups (2.4 
years [-0.05, 4.7]). PD symptom duration (but not years of education, sex, motor impairment or levodopa equivalent 
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dose scores) was associated with the age-difference score. Across all PD patients, worsening global cognitive ability 
was associated with an increasing age-difference score. 
Conclusions: Evidence from our study suggests that an acceleration of age-related brain atrophy may be one 
contributory factor for worsening cognitive ability in PD. 

1900 
“Brain-first” vs. “body-first” Parkinson’s disease is determined by RBD-status – a multi-modality imaging 
study 
J. Horsager, K. Knudsen, K. Andersen, C. Skjærbæk, T. Fedorova, J. Geday, J. Kraft, E. Bech, E. Danielsen, M. 
Møller, N. Pavese, D. Brooks, P. Borghammer (Aarhus N, Denmark) 
Objective: In a multi-modality imaging study, we test the hypothesis that Parkinson’s disease (PD) can be divided 
into two strikingly distinct phenotypes: (1) PD patients, in whom RBD appears before diagnosis, is a “body-first” 
phenotype characterized by early, severe damage to the autonomic nervous system, while the dopamine system is 
still mostly intact. (2) RBD-negative PD is a “brain-first” phenotype, characterized by marked, early damage to the 
nigrostriatal dopamine system, while the peripheral autonomic system is relatively intact. 
Background: In a multi-modality imaging study, we recently demonstrated that RBD patients show full-blown 
damage to the parasympathetic and sympathetic nervous systems, and to the locus coeruleus, which were at the level 
of diagnosed PD. Yet, 71% of RBD patients had normal dopaminergic storage capacity measured with FDOPA PET 
(1). In contrast, up to 50% of H&Y stage I PD patients with unknown RBD-status still have normal cardiac 
sympathetic innervation measured by MIBG scintigraphy (2, 3). By extrapolation, these H&Y-I PD patients must be 
mostly RBD-negative. 
Methods: We aim to include 100 de novo, untreated PD patients into this cohort. All patients have 
polysomnography and 11C-donepezil PET/CT, 123I-MIBG scintigraphy, neuromelanin MRI, and 18F-FDOPA PET 
– measures of parasympathetic, sympathetic, locus coeruleus, and the nigro-striatal innervation, respectively. 
Olfaction, cognitive, motor, and non-motor status is assessed. The data is compared to in-house data from healthy 
controls, idiopathic RBD (iRBD) and manifest PD. 
Results: Here, we present FDOPA and MIBG data from the first 12 de novoPD patients (DN-RBD); 7 RBD-
negative, 5 RBD-positive and compare to iRBD data [figure1]. All DN-RBD had pathological FDOPA PET scans, 
but only 1/7 had manifestly pathological MIBG scan. In contrast, 17/21 iRBD cases had pathological MIBG scan, 
but only 7/21 showed pathological FDOPA scans (p=0.003). 
Conclusions: These initial data supports the hypothesis. Most de novo, RBD-negative PD patients have developed 
marked dopaminergic loss in the absence of marked cardiac sympathetic loss. We propose that the initial Lewy 
pathology in RBD-negative PD originates in the brainstem with secondary brain-to-periphery spreading, whereas the 
initial pathology in iRBD originates in the periphery (gut) and then spreads to the brainstem. 
References: 1. Knudsen K, Fedorova TD, Hansen AK, Sommerauer M, Otto M, Svendsen KB, Nahimi A, 
Stokholm MG, Pavese N, Beier CP, Brooks DJ, Borghammer P. Lancet Neurology 2018: 17(7):618-28. 2. 
Kashihara K, Imamura T, Shinya T. Cardiac 123I-MIBG uptake is reduced more markedly in patients with REM 
sleep behavior disorder than in those with early stage Parkinson’s disease. Park Relat Disord 2010: 16:252-53. 3. 
Nagayama H, Hamamoto M, Nagashima J, Katayama Y. Reliability of MIBG myocardial scintigraphy in the 
diagnosis of Parkinson’s disease. J Neurol Neurosurg Psychiatry 2005; 76:249-51. 
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1901 
Association between sleep disturbances in Parkinson’s disease and bioimaging 
Y. Hosokawa, M. Nagai, T. Tsujii, R. Ando, Y. Yamanishi, S. Tada (Ehime, Japan) 
Objective: We investigated whether bioimaging for Parkinson’s disease (PD) such as metaiodobenzylguanidine 
(MIBG) myocardial scintigraphy and 123I-ioflupane SPECT (DaTSPECT) are useful for biomarker of sleep 
disturbances in PD or not. 
Background: Sleep disturbances are very common as non-motor symptoms in PD. The degree of sleep disturbance 
is usually estimated using questionnaire. To date, the data of MIBG myocardial scintigraphy and DaTSPECT are 
used for the diagnosis of PD but not used for assessment of sleep disturbances. 
Methods: 66 patients with PD who have already examined by MIBG myocardial scintigraphy, DaTSPECT and 
questionnaire about sleep disturbances in clinical practice intended for this study. As questionnaire about sleep 
disturbances, Parkinson's disease sleep scale 2 (PDSS-2) and Epworth sleepiness scale (ESS) were used to assess 
nighttime sleep problems and excessive daytime sleepiness, respectively. In DaTSPECT, we used two different 
quantification vales for RI accumulation in striatum. One is specific binding ratio (SBR) by DaTView, and the other 
is striatum uptake ratio (SUR) by DaTQUANT. 
Results: Neither total score of PDSS-2 nor total score of ESS correlated with H/M ratio of MIBG myocardial 
scintigraphy. However score of sleep specific symptoms which is sub-items in PDSS-2 significantly correlated with 
H/M ratio. Neither total score of PDSS-2 nor total score of ESS correlated with each quantification vale of 
DaTSPECT. 
Conclusions: It is possible that PD patients with remarkable decreased H/M ratio of MIBG myocardial scintigraphy 
tend to emerge sleep disturbances such as difficulty falling asleep, uninterrupted sleep and unrefreshing sleep. 
 

1902 
Primary disruption of the subsystems of the default mode network in drug-naïve Parkinson’s disease with 
mild cognitive impairments: a resting-state functional connectivity MRI study 
Y.B. Hou, Q.Q. Wei, R.W. Ou, J. Yang, W. Song, Q.Y. Gong, H.F. Shang (Chengdu, China) 
Objective: To study changes in subsystems in drug-naïve Parkinson’s disease with mild cognitive impairments 
using resting-state functional connectivity MRI. 
Background: Mild cognitive impairment (MCI) is common in Parkinson’s disease (PD), and is associated with 
disrupted connectivity in networks relevant to cognition, most prominently the default mode network (DMN). The 
DMN comprises at least three subsystems: the core (the anterior medial prefrontal cortex (aMPFC) and posterior 
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cingulate cortex (PCC)), and the dorsal MPFC (DMPFC) and medial temporal lobe (MTL) subsystems. However, 
little is known regarding changes in these subsystems in PD. 
Methods: We calculated the strength of functional connectivity (FC) in the DMN intra- and inter-subsystems and 
the regional FC strength (FCS). The FCS was compared between any two groups from 28 drug-naïve PD patients 
with MCI (PD-MCI), 19 drug-naïve PD patients with cognitive unimpaired (PD-CU), and 28 age-, sex-matched 
healthy controls (HCs) by using the nonparametric permutation method (10 000 permutations) with age, sex and 
education as covariates. 
Results: For intra-subsystems, the decreased FCS occurred in the DMPFC subsystem of PD-MCI patients but not in 
the MTL subsystem or core compared with HCs. For inter-subsystems, PD-MCI patients showed decreased FCS 
between the PCC and DMPFC subsystem compared with HCs (p<0.01, uncorrected). Furthermore, the temporal 
parietal junction (TPJ) in the DMPFC subsystem showed decreased regional FCS in the PD-MCI subgroup relative 
to the HC group (p<0.05, FDR corrected). No significant change of FCS was found between PD-MCI and PD-CU 
patients, and between PD-CU patients and HCs. 
Conclusions: Decreased intrinsic FC was mainly associated with the DMPFC subsystem in the PD-MCI subgroup, 
suggesting that the DMPFC subsystem is predominantly disrupted. 

1903 
Fractional anisotropy patterns in non-demented Parkinson's disease patients using hierarchical cluster 
analysis 
A. Inguanzo, H. Erostarbe, R. Sala, A. Abos, A. Campabadal, C. Uribe, H. Baggio, Y. Compta, M. Marti, F. 
Valldeoriola, C. Junque, B. Segura (Barcelona, Spain) 
Objective: We aim to characterize PD subtypes using a hypothesis-free, data driven approach based on fractional 
anisotropy (FA) measures. 
Background: Clinical variability in the Parkinson’s disease (PD) phenotype suggests the existence of disease 
subtypes. Previous studies evidenced the value of structural magnetic resonance imaging (MRI) and cluster analysis 
to find subtypes of patients based on the pattern of cortical degeneration [1]. However, the potential of other 
neuroimaging modalities has not been addressed. 
Methods: We included Diffusion MRI images from 33 healthy controls (HC) and 50 PD. We obtained registered 
and skeletonized FA maps from all subjects using a DTI approach with FSL. We then calculated mean FA within 20 
tracts of interest from the JHU atlas [2] and performed hierarchical cluster analysis using Ward’s linkage method of 
the PD sample. With the identified PD subgroups, we calculated differences for each tract with the HC using a 
permutation based t-test. Significance threshold was set at a corrected p<0.05. 
Results: Using clustering analysis, we identified 2 groups of PD patients with different FA profiles. The first group 
(N=20) showed alterations with respect to HC in 11 tracts (all corrected p<0.05) named bilateral cingulate gyrus, 
right cingulum in the hippocampal area, forceps minor, bilateral inferior longitudinal fasciculus, bilateral inferior 
fronto-occipital fasciculus, bilateral uncinate fasciculus and left superior longitudinal fasciculus. Whereas the second 
PD group (N=30) did not differ from HC in FA values. 
Conclusions: Neuroimaging clustering analysis is able to detect PD subgroups based on FA values from DTI. One 
group with reduced white matter integrity and a second group with no manifested FA abnormalities compared to 
HC. 
References: [1] Uribe C., Segura B., Baggio H.C., Abos A., Marti M.J., Valledeoriola F., Compta Y., Bargallo, N., 
Junque C. (2016). Patterns of Cortical Thinning in Nondemented Parkinson’s Disease Patients. Movement Disorders 
31 (5). [2] Hua K., Zhang J., Wakana S., Jiang H., Li X., Reich D.S., Calabresi P.A., Pekar J.J., van Zijl P. C. M., 
Mori S. (2008). Tract Probability Maps in Stereotaxic Spaces: Analyses of White Matter Anatomy and Tract-
Specific Quantification. Neuroimage 39(1): 336-347. 
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1904 
Opposing effects of levodopa on basal ganglia activity in Parkinson’s disease during motion and rest 
R. Jech, S. Holiga, F. Růžička, H. Möller, J. Roth, M. Schroeter, E. Růžička, K. Mueller (Prague, Czech Republic) 
Objective: To explore the pattern of activation within the motor network during the movement and resting phases of 
the tapping task in Parkinson’s disease (PD) before and after the levodopa challenge. 
Background: Research investigating brain activity changes with levodopa treatment in PD using a functional MRI 
yielded variable activation patterns at the subcortical level [1-4] These conflicting results suggest a differential role 
of basal ganglia depending on the experimental context. 
Methods: The study included 32 patients with sporadic PD in an advanced stage with motor fluctuations (6 fem, HY 
II-III, age 56.1±7.7y, disease duration 12.2±2.5y, levodopa treatment duration 9.0±3.0y, mean±SD). A block-based 
motor paradigm was used with consecutive finger tapping movement and rest epochs, each lasting 10s. During 
tapping epochs (TAP), 10 pacing movement cues were presented with a frequency of 1 Hz. A functional MRI was 
performed on a 1.5T scanner (Siemens, Erlangen, Germany) with gradient-echo echo-planar imaging sequence 
(RT=1s; ET=54ms). Ten oblique slices were acquired along the central sulcus, covering the primary sensorimotor 
cortex and the basal ganglia. A two-by-two factorial design with within-subject factors ‘Hand’ (RIGHT/LEFT) and 
‘Levodopa’ (OFF/ON) resulted in 4 scanning sessions for each patient. Significant results were reported with a 
family-wise error (FWE) correction at the voxel-level with p<0.05. 
Results: There was a differential pattern of lentiform nucleus activity change with levodopa medication in the TAP 
and the REST phases (Fig 1). While in the TAP phase, we observed a significant increase of activity (ON>OFF, Fig 
2, top row), in the REST phase, we observed a decrease of activity with levodopa administration (OFF>ON, Fig 2, 
middle row). [figure1][figure2] 
Conclusions: We obtained an opposing pattern of brain activity with dopaminergic medication in PD patients 
depending on the phase of the movement task. The lentiform nuclei at rest were underactive in the ON compared to 
OFF state but their activity increased with the levodopa challenge when externally cued finger tapping was 
performed. This suggests a fundamental difference in the involvement of resting and active motor networks in PD 
depending on the actual dopamine level in the basal ganglia.Supported by the grant GACR 16-13323S. 
References: 1. Kraft et al. (2009). Levodopa-induced striatal activation in Parkinson's disease: a functional MRI 
study. Parkinsonism Relat Disord. 2009 Sep;15(8):558-63. 2. Kwak et al. (2012). l-DOPA changes ventral striatum 
recruitment during motor sequence learning in Parkinson's disease. Behav Brain Res. 2012 Apr 21;230(1):116-24. 3. 
Maillet et al. (2012). Levodopa effects on hand and speech movements in patients with Parkinson's disease: a FMRI 
study. PLoS One. 2012;7(10):e46541. 4. Holiga et al. (2014). Motor matters: tackling heterogeneity of Parkinson's 
disease in functional MRI studies. PLoS One. 2013;8(2):e56133. 
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1905 
Aerobic exercise alters brain structure and function in Parkinson’s disease – a randomized controlled trial 
M. Johansson, I. Cameron, N. Vander Kolk, N. De Vries, I. Toni, B. Bloem, R. Helmich (Nijmegen, Netherlands) 
Objective: To test whether aerobic exercise can influence Parkinson’s disease (PD)-related changes in resting-state 
functional connectivity in motor and non-motor brain networks, as measured with fMRI. 
Background: Aerobic exercise alleviates motor symptoms in PD patients, potentially by stimulating neuroplasticity 
that protects and restores striatal function. This may contribute to impeding motor symptom progression in various 
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ways, for example by maintaining communication between the putamen and sensorimotor cortex despite ongoing 
dopamine depletion, and by strengthening compensatory mechanisms in non-motor networks. 
Methods: This imaging experiment was performed in a subset of patients that participated in a larger clinical trial of 
exercise. Specifically, PD patients were assigned randomly to either aerobic exercise (n=21) or an active control 
intervention (n=25) and measured twice (at baseline, and immediately after the 6-month intervention). Patients 
allocated to aerobic exercise cycled for approximately 30 minutes 3 times/week whereas control patients performed 
stretching exercises. Using resting-state fMRI, we measured cortico-striatal functional connectivity and intrinsic 
functional connectivity in cortical motor and cognitive control networks. A subset of patients also performed an anti-
saccade task as a measure of cognitive control. 
Results: We observed a significant increase in functional connectivity between posterior putamen and right 
sensorimotor cortex for controls, but not the exercise group (Fig 1a, p=0.021, corrected). A voxel-based 
morphometry analysis showed a significant decrease in grey matter volume in the same sensorimotor region in 
controls, but not the exercise group (Fig 1a, p=0.023, corrected). Behaviorally, the exercise group, but not controls, 
showed a significant decrease in error rates during the anti-saccades task (Fig 1b, p=0.023). This was accompanied 
by a significant increase in intrinsic functional connectivity in the frontal pole of the right frontoparietal network for 
the exercise group (Fig 1c, p=0.007, corrected). 
Conclusions: Aerobic exercise may protect PD patients from pathological changes in communication between the 
posterior putamen and the sensorimotor network, and improve cognitive control by strengthening communication in 
the right frontoparietal network. [figure1] 

 

1906 
Role of clinical neuroimaging in X-linked dystonia-parkinsonism 
J. Junker, A. Neumann, R. Rosales, D. Jamora, C. Diesta, J. Prasuhn, T. Muente, C. Klein, P. Schramm, N. 
Brueggemann (Luebeck, Germany) 
Objective: To determine the inter- and intra-rater reliability of brain imaging in X-linked dystonia-parkinsonism 
(XDP). 
Background: XDP is a neurodegenerative movement disorder presenting with adult-onset dystonia followed by 
parkinsonism over the course of the disease. Characteristic MRI alterations such as a hyperintense putaminal rim 
and atrophy of the caudate and putamen have been described [1,2]. We aimed to evaluate the accuracy of routine 
MRI to identify basal ganglia alterations in XDP. 
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Methods: T1- and multiecho T2-weighted MRI images were acquired on a 3T MRI scanner in 19 XDP 
patients (mean age: 40.1 ± 7.2 years, mean disease duration 3.1 ± 1.5 years, male n=19) and 26 controls (mean age: 
35.8 ± 8.0 years, male n= 18). Images were rated twice within four months’ time by two experienced 
neuroradiologists blinded to the clinical status. 
Results: Across raters and time points, a hyperintense putaminal rim was detected in 7 to 14 of 19 patients and 0 to 
15 of 26 controls. Putaminal atrophy was noticed in 3 to 13 of 19 patients and 0 to 1 of 26 controls, and caudate 
atrophy was detected in 4 to 10 of 19 patients and was not detected in controls. Intrarater reliability was 
weak/moderate for hyperintense putaminal rim (rater I: κ = 0.48; rater II: κ = 0.67; all p < 0.001), weak/perfect for 
putaminal atrophy (rater I: κ = 0.45; rater II: κ = 1.0; all p ≤ 0.001) and weak/strong for caudate atrophy (rater I: κ = 
0.54; rater II: κ = 0.86; all p < 0.001). Putaminal atrophy was associated with a weak interrater reliability (κ = 0.26, 
p = 0.033), whereas no significant interrater reliability was found for hyperintense putaminal rim (κ = 0.09, p = 
0.198) and caudate atrophy (κ = 0.01, p = 0.892). 
Conclusions: Moderate intrarater and the absence of interrater reliability of MRI-associated basal ganglia changes 
implicate the necessity of a reliable automated voxel-based analysis regimen in XDP. 
References: 1. Pasco PM, Ison CV, Munoz EL, et al. Understanding XDP through imaging, pathology, and 
genetics. Int J Neurosci. 2011;121 Suppl 1:12-17. 2. Hanssen H, Heldmann M, Prasuhn J, et al. Basal ganglia and 
cerebellar pathology in X-linked dystonia-parkinsonism. Brain. 2018;141(10):2995-3008. 

1907 
Glymphatic system activity in Parkinson’s disease: diffusion tensor image analysis along the perivascular 
space (DTI-ALPS) 
J.M. Kim, Y.J. Bae (Seongnam, Republic of Korea) 
Objective: We examined the activity of the glymphatic system in patients with Parkinson’s disease using diffusion 
tensor image analysis along the perivascular space (DTI-ALPS). 
Background: The glymphatic system may be impaired in Parkinson’s disease, leading to disturbed clearance of 
toxic metabolites. 
Methods: Twenty consecutive subjects with Parkinson’s disease were evaluated with 3 Tesla diffusion tensor 
magnetic resonance imaging, and clinical diagnosis was solidified during follow-up. For diffusion tensor imaging, 
we calculated diffusivities in the x, y, and z axes on the plane of the lateral ventricle along the projection fibers and 
association fibers, to perform DTI-ALPS. The diffusivity index on DTI-ALPS was compared with the unified 
Parkinson’s disease rating scale score. 
Results: We observed a significant negative correlation between the diffusivity index on DTI-ALPS and the unified 
Parkinson’s disease rating scale score, which suggests the lower the water diffusion along the perivascular space, the 
more severe the degree of parkinsonism. 
Conclusions: The activity of the glymphatic system on DTI-ALPS showed a relation between water diffusion and 
parkinsonism. Further studies are needed to establish glymphatic imaging methodology for Parkinson’s disease and 
parkinson-plus syndromes. 

1908 
Periventricular hyperintensities and axial symptom of Parkinson’s disease 
J. Ko, Y. Lee, M.K. Sunwoo, J.H. Yoon, S.Y. Kang, J.Y. Hong (Wonju, Republic of Korea) 
Objective: To investigate which area of white matter hyperintensities (WMH) is associated with motor symptom of 
Parkinson’s disease (PD) independently of dopaminergic depletion. 
Background: WMH are associated with more severe motor symptom in patients with PD, however, it is unclear 
which anatomical area is associated with motor symptom. 
Methods: We analyzed the medical data of patients with de novo PD who underwent dopamine transporter positron 
emission tomography scan and magnetic resonance image at their first visit. The WMH in deep white matter 
(DWMH) and periventricular (PVH) areas were scored with a visual rating scale, and motor symptom was assessed 
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by UPDRS motor score and its subscores for tremor, rigidity, bradykinesia, and axial symptom. The influence of 
WMH was explored using multivariate linear regression models. 
Results: A total of 93 subjects (mean age, 67.2 ± 9.9 years; 44 male, 47.3%) were included and the mean UPDRS 
motor score was 25.0 ± 10.8. Both DWMH and PVH scores were correlated with age, UPDRS motor score, and 
subscores for bradykinesia and axial symptom. Multivariate linear regression models including age and dopamine 
transporter activity revealed that PVH score but not DWMH was significantly associated with subscore for axial 
symptom. 
Conclusions: These results demonstrate that PVH are correlated with axial symptom in patients with PD 
independently of the severity of dopamine depletion, suggesting that axial symptom was closely associated with 
change of periventricular structure in patients with PD. 

1909 
Frequency-dependent abnormalities of intrinsic brain activity in Parkinson´s disease 
L. Krajcovicova, R. Marecek, I. Rektorova (Brno, Czech Republic) 
Objective: The study objective was to assess the changes in amplitude of low frequency fluctuations (ALFF) in 
patients with Parkinson´s disease (PD) as compared to healthy controls (HC). The differences in ALFF between PD 
and patients with mild Alzheimer disease (AD) were also evaluated. 
Background: The neurons, although they are not involved in a specific task at the moment, show permanent 
activity, so called resting state activity. This activity can be detectable as low frequency fluctuations on various 
frequencies that are generated by neuronal oscillators with specific physiological functions [1]. Changes in ALFF 
have been observed in many diseases, including PD and AD. 
Methods: We performed resting state functional magnetic resonance imaging (rs-fMRI) in 134 subjects – 38 PD, 40 
AD and 56 HC. The diagnosis was based on published clinical and research criteria and all subjects underwent 
detailed clinical and cognitive examination.  Imaging was performed using 3T MRI scanner. Acquired BOLD rs-
fMRI data were preprocessed and ALFF was computed in 3 power bands: slow-5 (0.010 ÷ 0.027 Hz); slow-4 (0.027 
÷ 0.073 Hz); and slow-3 (0.073 ÷ 0.198 Hz) according to [2]. The data were corrected for gray matter atrophy. 
ANOVA with factor of group and covariates of age and gender was used for statistical analysis. 
Results: The differences in given ALFF band in PD as compared to HC were present in following regions: 
1) ALFF slow-5. Increased ALFF in bilateral middle occipital and middle temporal gyrus (MOG/MTG). 
2) ALFF slow-4. Decreased ALFF in the right supplementary motor area (SMA) and putamen. Increased ALFF in 
the right MOG. 
3) ALFF slow-3. Increased ALFF in bilateral MOG. 
Considering the AD group, the ALFF slow-5 increase in occipital-temporal regions and ALFF slow-4 decrease in 
the right SMA in PD were significant also as compared to AD, but were not present in AD as compared to HC. 
Therefore, it seems that these ALFF changes are specific for PD. 
Conclusions: Changes in neuronal activity in PD as revealed by ALFF approach were present in regions involved in 
motor control (SMA, putamen) and visual processing (MOG/MTG), the main domains affected in PD. These 
changes were dependent on frequency band; analyzing oscillatory changes in various frequencies can thus be helpful 
in detecting specific PD-related alterations in neuronal activity and distinguishing between other pathologies. 
References: 1. Buzsaki G, Draguhn A. Neuronal oscillations in cortical networks. Science 2004;304(5679):1926-
1929. 2. Han Y, Wang JH, Zhao ZL, et al. Frequency-dependent changes in the amplitude of low-frequency 
fluctuations in amnestic mild cognitive impairment: A resting-state fMRI study. Neuroimage 2011;55(1):287-295. 

1910 
Diagnostic potential of automated diffusion imaging for the differential diagnosis of multiple system atrophy 
and Parkinson’s disease 
F. Krismer, V. Beliveau, K. Seppi, G. Goebel, G. Wenning, E. Gizewski, W. Poewe, C. Scherfler (Innsbruck, Austria) 
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Objective: To evaluate the diagnostic potential of an automated diffusion imaging (DWI) analyses pipeline in 
separating patients with multiple system atrophy (MSA) and Parkinson’s disease (PD). 
Background: Increased putaminal diffusivity has been shown to distinguish clinically diagnosed patients with 
MSA-P from PD patients with high diagnostic accuracy. However, a recent meta-analysis found substantial 
between-study variability. To overcome this limitation, further studies are needed to  develop and test harmonized 
imaging protocols and standardized analysis pipelines. 
Methods: MSA and PD patients were selected from our MRI database considering the following inclusion criteria: 
(1) a clinical diagnosis of probable MSA or PD at the last visit according to diagnostic criteria; (2) a clinical follow-
up of ≥36 months; (3) a disease duration of ≤5 years. Exclusion criteria were dementia, extensive white matter 
lesions and vascular or space-occupying lesions within the cerebrum or motion artefacts on MRI. 
All patients underwent a 3T MRI protocol including 3D-T1 and DWI sequences. T1 images were exploited for 
automated brain segmentation using the FreeSurfer software package. Subsequently, DWI images were co-
registered with T1 images and ADC as well as FA values were averaged within the segmented regions of interest. 
Results: 31 MSA patients (18 MSA-P, 13 MSA-C) and 19 PD patients were included in the present study. There 
were no significant differences in demographics between the study groups [gender (p=0.882), age (p=0.118) and 
disease duration (p=0.787)]. MSA patients showed greater motor impairment than PD patients as indicated by 
higher Hoehn & Yahr stages (p < 0.001) and higher UPDRS III scores (p < 0.001)]. 
By applying aC4.5 classifier, increased ADC values within the middle cerebellar peduncle and the putamen were 
selected as the most useful measures to differentiate MSA from PD. This model classified all but one patient 
correctly (one MSA patient was misclassified as having PD). Cross-validation provides support for the 
generalizability of the model with a weighted average F-measure and a Cohen's kappa of 0.943 and 0.886, 
respectively. 
Conclusions: (1) We successfully developed an automated processing pipeline to analyse DWI in patients with 
MSA and PD and (2) were able to demonstrate excellent diagnostic accuracy to differentiate MSA  from PD. 
 
 

1911 
Visual assessment of dopamine transporter imaging in normal pressure hydrocephalus 
K.Y. Kwon, H. Ju, K. Im, J.Y. Lee, M.Y. Ahn (Seoul, Republic of Korea) 
Objective: We aimed to investigate detailed analysis for striatal dopaminergic depletion in idiopathic normal 
pressure hydrocephalus (iNPH) with visual assessment. 
Background: Variable degree of parkinsonism including gait disturbance could be seen in patients with iNPH [1]. 
Accordingly, in the real clinical field, differentiation of iNPH from other parkinsonian disorders is crucial. 
Dopamine transporter imaging has been regarded as a diagnostic tool for the differential diagnosis of various 
parkinsonism [2]. However, it remains little known about characteristic patterns of striatal dopaminergic depletion in 
iNPH. 
Methods: We reviewed medical records of twenty-four patients diagnosed with iNPH and performed dopamine 
transporter imaging in movement disorders clinic at our hospital between 2017 and 2018. To increase the diagnostic 
accuracy, not only America-Europe guideline but also Japanese guideline were retrospectively applied to the current 
study. In addition, this study limited inclusion to patients with iNPH who underwent ventriculoperotoneal shunt. 
Finally Visual analyses by a consensus of two experienced neurologists were performed for dopamine transporter 
PET scans. 
Results: All patients (100%) with iNPH revealed slight reduction in bilateral caudate nucleus. Six out of 8 patients 
with iNPH (75%) showed mild striatal depletion in bilateral putamen without a rostrocaudal gradient, and those 
putaminal uptake were heterogeneously decreased. 
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Conclusions: We demonstrated characteristic patters of striatal dopaminergic depletion in patients with iNPH. Our 
findings will help clinicians diagnose patients with parkinsonism. Further well-designed studies are required to 
validate our results. 
References: [1] Allali G, Garibotto V, Assal F. Parkinsonism Differentiates Idiopathic Normal Pressure 
Hydrocephalus from Its Mimics. J Alzheimers Dis. 2016 Jul 27;54(1):123-7. [2] Oh M, Kim JS, Kim JY, Shin KH, 
Park SH, Kim HO, Moon DH, Oh SJ, Chung SJ, Lee CS. Subregional patterns of preferential striatal dopamine 
transporter loss differ in Parkinson disease, progressive supranuclear palsy, and multiple-system atrophy. J Nucl 
Med. 2012 Mar;53(3):399-406. 

 

1912 
Long-term changes in myocardial sympathetic innervation and function in synucleinopathies 
G. Lamotte, C. Holmes, T. Wu, D. Goldstein (Bethesda, MD, USA) 
Objective: Describe long-term trends in indices of cardiac sympathetic innervation and function in 
synucleinopathies. 
Background: A group of neurodegenerative diseases including Parkinson disease (PD), pure autonomic failure 
(PAF), and multiple system atrophy (MSA) are characterized by cytoplasmicdeposition of the protein alpha-
synuclein in the brain and are termed synucleinopathies. Lewy body forms of synucleinopathy also involve 
decreased cardiac sympathetic innervation and a vesicular storage defect in residual noradrenergic nerves. Long-
term trends in indices of cardiac sympathetic innervation and function have not been described in these 
synucleinopathies. 
Methods: Patients with PD (N=31), PAF (N=9), or MSA (N=9) underwent initial and follow-up 18F-dopamine 
positron emission tomography (median follow-up 3.5 years). Interventricular septal 18F-dopamine-derived 
radioactivity 8 minutes after tracer injection (8’ radioactivity) was used to indicate sympathetic innervation and the 
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slope of mono-exponential decline of radioactivity between 8 and 25 minutes (k8’-25’) to indicate intraneuronal 
vesicular storage. Healthy volunteers (HVs) were controls (N=33). 
Results: PD and PAF patients had lower 8’ radioactivity and higher k8’-25’ values than did HVs (p<0.0001 each); 
values in MSA patients did not differ from HVs. In PD 8’ radioactivity decreased between the initial and last follow-
up visit (> 30% decrease, p<0.0001) but did not decrease in MSA. In all groups k8’-25’values did not change during 
follow-up. Eight subjects with normal 8’ radioactivity (>6,000 nCi-kg/cc-mCi) and subsequently decreased 
radioactivity had initial k8’-25’ values higher than in HVs (p=0.026). 
Conclusions: Neuroimaging evidence of decreased vesicular uptake in cardiac sympathetic nerves is present upon 
initial evaluation of patients with Lewy body diseases and may provide a biomarker of catecholaminergic 
dysfunction early in the disease process. 

1913 
18F-DPA714 PET reveals neuroinflammatory activity in the Substantia nigra of patients with Parkinson 
disease 
S. Lavisse, C. Wimberley, S. Goutal, M. Bottlaender, B. Kuhnast, M.A. Peyronneau, M. Sarazin, P. Hantraye, C. 
Thiriez, P. Remy (Fontenay aux Roses, France) 
Objective: We investigated whether 18F-DPA714 imaging could be a sensitive marker of neuroinflammation in 
Parkinson disease (PD). We took into account the polymorphism of TSPO expression in our subjects and previously 
validated image quantification to measure the regional distribution of activated microglia in PD patients compared to 
healthy controls (HC). Dopaminergic cell loss was measured using dopamine transporter imaging to correlate 
neuroinflammation with dopaminergic denervation. 
Background: In PD, neuroinflammation might contribute to the progression of dopaminergic degeneration. Positron 
emission tomography (PET) imaging of glial activation targets the translocator protein 18-kDa (TSPO) up-regulated 
under inflammatory condition. Some PET studies have investigated neuroinflammation in PD using 11C-PK11195, 
11C-DPA713 and 18F-FEPPA radioligands, but provided variable results. 
Methods: PD patients (n=20, 64.0 ± 9.8 y.o., motor UPDRS range [6-34]) and age-matched HC (n=29, 54.4 ± 15.5 
y.o.) were enrolled. The genotyping of the polymorphism in the TSPO gene revealed 13/13 mixed affinity binders 
(MABs) and 7/13 high affinity binders (HABs)) in patients and HC, respectively. PET data were acquired on a 
HRRT scanner for 90 minutes and 60 min after injection of 18F-DPA714 and 11C-PE2I. An AAL atlas including 90 
lateralized ROIs was applied on individual MRI. A supervised cluster analysis [1] extracted an individual reference 
region used in a reference Logan analysis yielding to BPND-DPA714 estimates. The SRTM with cerebellum as 
reference was used to extract BPND-PE2I from 11C-PE2I images. 
Results: Factorial ANOVA revealed that BPND-DPA714 in the Substantia nigra contralateral to the clinically most 
affected side were significantly higher in PD patients than in HC. The signal in the most affected SN was 
significantly higher than in the less affected side. Significant increase was also observed in both Caudate and 
thalami. There was no significant correlation between BPND-DPA714 and age, disease progression or striatal 
BPND-PE2I. In both groups, 18F-DPA714 binding was higher in HABs than in MABS in all ROIs. 
Conclusions: 18F-DPA714 reveals neuroinflammation in the most affected Substanita nigra of PD patients and the 
binding is not correlated with disease severity. 
References: [1] Garcia-Lorenzo, D. et al. Validation of an automatic reference region extraction for the 
quantification of [(18)F]DPA-714 in dynamic brain PET studies. J Cerebr Blood Flow Metab 2018;38: 333-46. 

1914 
The right hemisphere inhibitory network in patients with asymmetrical Parkinson’s disease: An fMRI study 
F. Lazoya, I. Obeso, R. Gonzales Redondo, F. Villagra, E. Luis, J. Obeso, M. Jahanshahi, M. Pastor (Pamplona, 
Spain) 
Objective: The aim of our study was to identify the neural substrates of inhibitory processing on the stop signal task 
in patients with predominantly left hemibody parkinsonism. 

This article is protected by copyright. All rights reserved.



Background: Imaging studies using the stop signal task in healthy individuals indicate the subthalamic nucleus 
(STN)  the pre-supplementary motor area (pre-SMA), and the inferior frontal gyrus (IFG) are key components of a 
right hemisphere “inhibitory network”. A causal role of the right STN in inhibitory control is also reported in both 
human and non-human studies. The pathophysiology of Parkinson’s disease (PD) is characterized by overactivity of 
the STN and underactivity of the SMA. We therefore investigated the neural substrates of motor inhibition in PD 
patients with predominant left-sided motor features, mainly influencing right hemispheric networks. 
Methods: Fourteen PD patients with left predominant Parkinsonism (LPD) and 23 age-matched healthy controls 
performed a stop signal task (staircase tracking procedure) with the right and left hands in two separate fMRI 
sessions. 
Results: LPD patients showed delayed response inhibition with either hand compared to healthy controls. There 
were differences in patterns of brain activation during successful inhibition with the left more affected and right less 
affected hand. When performing with the more affected left hand, successful inhibition was associated with less 
activation of the IFG bilaterally, insula and posterior right putamen in PD relative to healthy controls. In LPD, 
functional connectivity analysis with the right STN engaged a network with the right globus pallidus internal (GPi) 
and bilateral cerebellar hemispheric visuomotor and sensorimotor regions (Crus I and Lobules IV,V,VI) during 
motor inhibition with the more affected left hand. 
Conclusions: Altered inhibitory control in patients with predominantly left hemibody parkinsonism is associated 
with reduced activity in right hemispheric regions dedicated to inhibition in healthy controls, which then requires 
engagement of additional regions (GPi and cerebellum) not observed in healthy controls to successfully stop 
ongoing behaviours. 

1915 
Relationship between striatal dopamine depletion and various non-motor symptoms in non-demented 
patients with Parkinson's disease: a pilot study 
J.Y. Lee, H. Ju, K. Im, M.Y. Ahn, K.Y. Kwon (Seoul, Republic of Korea) 
Objective: We aimed to investigate associations of striatal dopamine uptake and various non-motor symptoms in 
non-demented patients with Parkinson’s disease (PD). 
Background: Dopamine transporter (DAT) scans in patients with PD showed significant correlations of dopamine 
depletion and motor deficits, suggesting in vivo dopaminergic imaging technology may reflect the amount of 
dopaminergic neuronal loss. Recently, some researchers studied whether which non-motor symptoms including 
depression, anxiety were related to dopamine deficits in the striatum [1-6]. However, the previous studies assessed 
only a few number of non-motor symptoms. 
Methods: PD patients who underwent both brain magnetic resonance imaging and 18[F]-FP-CIT PET in our 
hospital were included after reviewing their medical charts. PD was diagnosed according to the UK Brain Bank 
Criteria. Moreover, we only enrolled patients with the typical pattern of dopaminergic depletion on 18[F]-FP-CIT 
PET scans [7] to rule out other atypical parkinsonism. We excluded patients below 24-point score on the Mini-
Mental State Examination (MMSE) indicating dementia. Following screening, 30 patients with non-demented PD 
were enrolled in the study. The striatum was divided into 12 subregions, and DAT activity, as striatal dopaminergic 
concentration, was calculated in each subregion. In addition to measuring motor symptoms using the Unified 
Parkinson’s Disease Rating Scale-part III (UPDRS-III), various non-motor symptoms were assessed using the 
Montreal cognitive assessment, Frontal assessment battery, Beck depression inventory (BDI), Beck anxiety 
inventory, PD sleep scale (PDSS), PD fatigue scale, and Non-motor symptoms scale (NMSS) for PD. 
Results: For simple linear regression analyses, as expected, dopamine loss in several striatal subregions including 
bilaterally anterior and posterior putamen was negatively related to the UPDRS-III score. However, striatal 
dopaminergic depletion in the 12 striatal subregions was not correlated with any of the non-motor symptoms. 
Conclusions: Various non-motor symptoms were not associated with striatal dopaminergic deficits in non-demented 
patients with PD, inferring that non-dopaminergic systems play an important role in the pathogenesis of non-motor 
symptoms in patients with PD. Further well-designed studies are required to validate our results. 
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References: [1] Weintraub D, Newberg AB, Cary MS, Siderowf AD, Moberg PJ, Kleiner-Fisman G, Duda JE, Stern 
MB, Mozley D, Katz IR. Striatal dopamine transporter imaging correlates with anxiety and depression symptoms in 
Parkinson's disease. J Nucl Med 2005 46(2):227-232 [2] Erro R, Pappata S, Amboni M, Vicidomini C, Longo K, 
Santangelo G, Picillo M, Vitale C, Moccia M, Giordano F, Brunetti A, Pellecchia MT, Salvatore M, Barone P. 
Anxiety is associated with striatal dopamine transporter availability in newly diagnosed untreated Parkinson's 
disease patients. Parkinsonism Relat Disord 2012 18(9):1034-1038 [3] Ceravolo R, Frosini D, Poletti M, Kiferle L, 
Pagni C, Mazzucchi S, Volterrani D, Bonuccelli U. Mild affective symptoms in de novo Parkinson's disease 
patients: relationship with dopaminergic dysfunction. Eur J Neurol 2013 20(3):480-485 [4] Vriend C, Raijmakers P, 
Veltman DJ, van Dijk KD, van der Werf YD, Foncke EM, Smit JH, Berendse HW, van den Heuvel OA. Depressive 
symptoms in Parkinson's disease are related to reduced [123I]FP-CIT binding in the caudate nucleus. J Neurol 
Neurosurg Psychiatry 2014 85(2):159-164 [5] Felicio AC, Moriyama TS, Godeiro-Junior C, Shih MC, Hoexter MQ, 
Borges V, Silva SM, Amaro-Junior E, Andrade LA, Ferraz HB, Bressan RA. Higher dopamine transporter density in 
Parkinson's disease patients with depression. Psychopharmacology (Berl) 2010 211(1):27-31 [6] Rektorova I, 
Srovnalova H, Kubikova R, Prasek J. Striatal dopamine transporter imaging correlates with depressive symptoms 
and tower of London task performance in Parkinson's disease. Mov Disord 2008 23(11):1580-1587 [7] Oh M, Kim 
JS, Kim JY, Shin KH, Park SH, Kim HO, Moon DH, Oh SJ, Chung SJ, Lee CS. Subregional patterns of preferential 
striatal dopamine transporter loss differ in Parkinson disease, progressive supranuclear palsy, and multiple-system 
atrophy. J Nucl Med 2012 53(3):399-406 
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Withdrawn 

1917 
Disrupted Functional Brain Connectome in Parkinson's Disease Patients with Freezing of Gait 
N. Li, L. Wang, X. Suo, J. Li, J. Peng, J. Zhang, R. Peng (Chengdu, China) 
Objective: To investigate topological organization of the functional brain connectome in Parkinson’s disease (PD) 
patients with freezing of gait (FOG). 
Background: The cumulative evidence of neuroimaging studies suggested that PD FOG may be related to a 
network-wide dysfunction. Up to date, the topological architecture of the functional brain connectome in PD patients 
with FOG remain unknown. 
Methods: The functional brain connectome was constructed for 37 PD patients with FOG and 38 matched patients 
without FOG by using resting-state functional magnetic resonance imaging (MRI) data, and the topologic properties 
were analyzed by using graph theory approaches. Nonparametric permutation tests were used for group comparisons 
of topological properties. The Network-based statistic (NBS) was further employed to investigate functional 
connectivity alteration in PD patients with FOG. 
Results: Both groups showed efficient small-world topology in the functional brain connectome. However, 
compared with patients without FOG, those with FOG showed altered values in the global properties, characterized 
by lower normalized clustering coefficient and marginally higher global efficiency, implying a shift toward 
randomization in their functional brain connectome. In addition, Patients with FOG showed increased nodal 
centralities and increased functional connectivity of widely distributed subnetworks involving the sensorimotor 
network (supplementary motor area), frontoparietal network, visual network and subcortical regions (caudate and 
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thalamus) and decreased nodal centralities in the triangular part of inferior frontal and parahippocampal cortices. 
Notably, the altered nodal centralities in the right hippocampus were positively correlated with FOG severity. 
Conclusions: These results suggest that PD FOG is associated with disruptions in the topological organization of 
the functional brain connectome and this disruption in widely distributed neural networks may contribute to 
systems-level impairments in PD patients with FOG. 
References: 1. Ehgoetz Martens KA, Hall JM, Georgiades MJ, et al. The functional network signature of 
heterogeneity in freezing of gait. Brain 2018; 141(4): 1145-60. 2. Mitchell T, Potvin-Desrochers A, Lafontaine AL, 
Monchi O, Thiel A, Paquette C. Cerebral metabolic changes related to freezing of gait in Parkinson's disease. J Nucl 
Med 2018. 3. Fasano A, Herman T, Tessitore A, Strafella AP, Bohnen NI. Neuroimaging of Freezing of Gait. J 
Parkinsons Dis 2015; 5(2): 241-54. 

1918 
Cerebellar Structural changes in Patients with Parkinson’s disease and Essential Tremor 
A. Lopez, P. Trujillo, B. Landman, P. Hedera, D. Claassen (Nashville, TN, USA) 
Objective: To assess differences in cerebellar lobar volumes in Essential tremor and Parkinson’s disease patients 
and investigate the relation of lobar volumes with motor symptoms. 
Background: The neurobiological basis of tremor in patients with Essential tremor (ET) may localize in part to the 
cerebellum and its pathways. Previous studies have described malfunctions in the cerebellum, specifically the 
dentate nucleus, and pathways through the red nucleus and inferior olive, as they may underlie the tremor etiology. 
Based on these networks, cerebellar changes may influence the motor scores such as the Washington Heights-
Inwood Genetic Study of Essential Tremor (WHIGET) in ET individuals. In contrast, Parkinson’s disease (PD) 
related tremor may have a distinct or overlapping localization, involving the cerebellothalamocortical circuit1. 
Methods: A cohort of 348 patients diagnosed with ET (n=103) or PD (n=245) underwent T1-weighted Magnetic 
Resonance Imaging (MRI) under general anesthesia for deep brain stimulation surgical planning. Cerebellar 
segmentation of 28 lobules was performed using an automated multi-atlas lobar segmentation and individually 
reviewed for accuracy.  A simple linear regression model was used to assess differences in lobule volume between 
ET and PT patients while correcting for age and total intra-cranial volume and to investigate the relationship of 
motor scores with lobule volume. False discovery rate was controlled at 0.1 to correct for multiple comparisons. 
Results: ET patients showed significant lower volumes in the deep cerebellar nuclei, caudal lobules (VIIIa and 
VIIIb), lower anterior lobules (III, IV, V), and vermis VIIIa (p<0.05). Additionally, worsening WHIGET scores 
were associated with lower volumes in lobule VIII (P<0.01). 
Conclusions: ET patients appear to have greater levels of atrophy in cerebellar lobules than in PD individuals, 
supporting the hypothesis that the pathophysiology of ET is linked to regional cerebellar changes. Our findings are 
consistent with previous studies that indicate pathology in the dentate nucleus, as this is contained within the deep 
cerebellar nuclei. In addition, our findings support that specific lobules may influence the clinical phenotype in ET 
individuals. 
References: 1. Helmich RC, Toni I, Deuschl G, Bloem BR. The Pathophysiology of Essential Tremor and 
Parkinson’s Tremor. Curr Neurol Neurosci Rep. 2013;13(9):378. doi:10.1007/s11910-013-0378-8 

1919 
Is awake physiological confirmation necessary for DBS treatment of Parkinson’s disease today? A 
comparison of intraoperative imaging, physiology, and physiology imaging-guided DBS in the past decade 
G.H. Lu, Z.X. YIN, Y.Y. Luo, Y.W. Jin (Nanchang, China) 
Objective: To comprehensively compare the use of IMG-DBS, PHY-DBS and COMB-DBS in treating PD. 
Background: Deep brain stimulation (DBS) is a well-established surgical therapy for Parkinson's disease (PD). 
Intraoperative imaging (IMG), intraoperative physiology (PHY) and their combination (COMB) are the three 
mainstream DBS guidance methods. 
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Methods: PubMed, Embase, the Cochrane Library and OpenGrey were searched to identify PD-DBS studies 
reporting guidance techniques published between January 1, 2010 and May 1, 2018. We quantitatively compared the 
therapeutic effects, surgical time, target error and complication risk and qualitatively compared the patient 
experience, cost and technical prospects. A meta-regression analysis was also performed. This study is registered 
with PROSPERO, number CRD42018105995. 
Results: Fifty-nine cohorts were included in the main analysis. The three groups were equivalent in therapeutic 
effects and infection risks. IMG-DBS (p < 0.001) and COMB-DBS (p < 0.001) had a smaller target error than PHY-
DBS. IMG-DBS had a shorter surgical time (p < 0.001 and p = 0.008, respectively) and a lower intracerebral 
hemorrhage (ICH) risk (p = 0.013 and p = 0.004, respectively) than PHY- and COMB-DBS. The use of 
intraoperative imaging and microelectrode recording correlated with a higher surgical accuracy (p = 0.018) and a 
higher risk of ICH (p = 0.049). 
Conclusions: The comparison of COMB-DBS and PHY-DBS showed intraoperative imaging’s superiority (higher 
surgical accuracy), while the comparison of COMB-DBS and IMG-DBS showed physiological confirmation’s 
inferiority (longer surgical time and higher ICH risk). Combined with previous evidence, the use of intraoperative 
neuroimaging techniques should become a future trend. 
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Metabolic network abnormalities in drug-naive Parkinson’s disease 
O. Lucas-Jimenez, K. Schindlbeck, C. Tang, S. Morbelli, D. Arnaldi, M. Pardini, M. Pagani, F. Nobili, D. Eidelberg 
(Bilbao, Spain) 
Objective: The objective of this study is to identify and validate the metabolic PD-related pattern (PDRP) in de 
novo PD patients and to compare it to the original PDRP, identified in more advanced PD patients. 
Background: Metabolic changes are observed in patients with Parkinson disease (PD) and known to increase with 
advancing disease stages. The PD-related metabolic pattern (PDRP) has been validated as an imaging biomarker 
candidate for the assessment of disease progression and new therapies in PD (Schindlbeck and Eidelberg, 2018). 
Little is known whether respective brain changes are already present in early stages of PD before the exposure to 
dopaminergic therapy (drug-naïve PD). 
Methods: We studied two independent cohorts of de novo diagnosed, drug-naïve patients with PD (dPD) and 
respective healthy control groups (NL) with clinical assessments and metabolic imaging with 18F-FDG-PET. The 
Italian (dPD/NL: n=48/48) and US (dPD/NL: n=37/37) cohorts were randomly divided into cohort A and B [Table 
1]. Spatial covariance analysis in cohort A was used to identify dPD-related patterns (dPDRP) in the Italian and US 
cohorts. Cohort B was used to subsequently validate the dPDRP identified in cohort A. Expression levels of these 
patterns in dPD patients were compared to NL. The dPDRP networks were compared to the previously known 
PDRP using subject-score correlations and voxel-wise correlations for topographical overlap. 
Results: dPDRP-Italy and dPDRP-US topographies were both characterized by relatively increased metabolic 
activity in the globus pallidum, putamen, thalamus, pons, cerebellum and sensorimotor cortex, and by reduced 
metabolic activity in the lateral cortex and parieto-occipital association regions [Fig.1]. Expression levels were 
significantly elevated in dPD patients compared to NL in the identification as well as validation cohorts [Fig.1]. 
Both dPDRPs exhibited strong topographic similarities with the original PDRP [Fig.2]. Expression values of the 
dPDRP Italy and the dPDRP US correlated strongly with subject scores of the original PDRP in the Italian and US 
cohorts. 
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Conclusions: Metabolic network abnormalities are already evident in de novo PD patients and significantly elevated 
relative to healthy control subjects. These findings are consistent with prior reports of PDRP elevations in the 
“preclinical” hemispheres of hemi-PD patients and in patients with REM-sleep behaviour disorder. 
References: Schindlbeck KA, Eidelberg D (2018) Network imaging biomarkers: insights and clinical applications 
in Parkinson’s disease. Lancet Neurol 17:629–640. doi: 10.1016/S1474-4422(18)30169-8 

 

 

This article is protected by copyright. All rights reserved.



 

1921 
Structural and functional MRI brain alterations of Lewy body diseases 
O. Lucas-Jiménez, N. Ibarretxe-Bilbao, N. Ojeda, J. Peña, A. Cabrera-Zubizarreta, A. Murueta-Goyena, J.C. 
Gómez-Esteban, I. Gabilondo (Bilbao, Spain) 
Objective: We aimed to identify structural and functional brain MRI features of most aggressive phenotypes 
comparing three clusters of patients with idiopathic and genetic Lewy body (LB) diseases classified according to 
severity of non-motor manifestations. 
Background: The pattern of brain damage in aggressive LB diseases may help to improve our understanding of the 
spectrum of idiopathic Parkinson’s disease (iPD). 
Methods: Three subtypes based on hierarchical clustering analysis of non-motor manifestations (cognition, 
autonomic, olfactory, ophthalmological and clinical features) were previously identified. Cluster 1 “Normal-to-
mild” was characterized by having normal-to-mild cognitive disabilities and mild-to-moderate motor disability with 
few axial symptoms (n= 3 E46K-SNCA, 2 LRRK2 and 2 PARK2 mutation carriers and 14 iPD); Cluster 2 “Mild-to-
moderate” characterized by having mild-to-moderate cognitive and motor disabilities with few axial symptoms (n= 
1 E46K-SNCA, 1 PARK2 and 15 iPD); and Cluster 3 “Severe” characterized by having severe pattern-specific 
cognitive disabilities and severe motor PD manifestations with marked axial symptoms (n= 3 E46K-SNCA, 1 
LRRK2, 1 PARK2, 19 iPD, 8 dementia with LB (DLB) [table1]. Seventy participants underwent T1-weighted, 
diffusion-weighted, and resting-state functional MRI. Voxel-based morphometry, tract-based spatial statistics and 
resting-state functional connectivity (FC) analyses were performed. The selected networks were based on FC atlas 
from CONN toolbox: Default Mode Network, Sensorimotor, Visual, Salience, Dorsal Attention, Central Executive, 
Language and Cerebellar. 
Results: “Severe” cluster showed grey matter (GM) atrophy in temporal and parietal areas, white matter alterations 
in corpus callosum and anterior thalamic radiation, and FC reductions between language network and dorsal 
attention and salience networks. “Mild-to-moderate” cluster revealed GM atrophy in fronto-temporal areas, and FC 
reduction between salience and language networks [Figure1]. No significant alterations were found in “Normal-to-
mild” cluster. 
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Conclusions: Our study supports the value of incorporating genetic PD variants in data-driven iPD classification, 
facilitating, when tested longitudinally, early identification of aggressive LB diseases developing dementia or other 
severe non-motor PD features. 
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Differentiating the substantia nigra pars compacta and ventral tegmental area in early-stage Parkinson’s 
disease using quantitative susceptibility mapping 
P. MacDonald, E. Alushaj, N. Handfield-Jones, A. Khan, A. Owen (London, ON, Canada) 
Objective: To assess iron levels in dopaminergic midbrain nuclei using quantitative susceptibility mapping for 
identification of biomarkers of PD. 
Background: The midbrain dopaminergic system plays a major role in the pathology of Parkinson's disease (PD). 
There is a differential degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNc) and ventral 
tegmental area (VTA), which could underlie the appearance of different PD symptoms over the disease progression. 
Excessive iron accumulation in the midbrain is thought to cause this degeneration through mechanisms such as 
ferroptosis. Magnetic resonance imaging (MRI) can localize and quantify iron in the brain based on its magnetic 
susceptibility. There are currently no biomarkers of PD that are used in clinical practice. Our understanding of 
changes in iron deposition in PD  presents the possibility of using neuroimaging of iron as a potential biomarker of 
PD. 
Methods: Twenty early-stage PD patients and age-matched healthy controls were scanned once at 3T and 7T. T1-
weighted anatomicals were used for segmenting the midbrain nuclei based on the CIT168 probabilistic subcortical 
atlas [1]. Using quantitative susceptibility mapping (QSM) and R2* images registered to these anatomical scans, we 
segmented the midbrain structures and analyzed the average iron content in the SNc, VTA, and substantia nigra pars 
reticulata (SNr). 
Results: Repeated measures analysis of variance of average susceptibility values from QSM revealed significantly 
higher SNc iron content in early-stage PD patients compared to elderly controls at both field strengths. R2* mapping 
could only detect this difference at 7T suggesting this method is less sensitive than QSM. No significant group 
differences in iron content were found in the SNr or the VTA. To assess these values as biomarkers, we compared 
them using receiver operating characteristic curves. Findings from these curves suggest that QSM outperforms R2* 
at both field strengths when considering hemispheres and the more affected body side. 
Conclusions: These findings suggest that increased iron load in the SNc of early-stage PD patients, best detected 
using QSM, could be function as a diagnostic biomarker of PD that could ultimately be used in clinical practice. 
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References: [1] Pauli, W. M., Nili, A. N., & Tyszka, J. M. (2018). A high-resolution probabilistic in vivo atlas of 
human subcortical brain nuclei. Sci Data, 5, 180063. doi:10.1038/sdata.2018.63 
 

1923 
The Use of Diffusion Weighted Imaging to Detect Structural Biomarkers in Recently-Diagnosed Parkinson’s 
Disease Patients 
P. MacDonald, N. Handfield-Jones, E. Alushaj, N. Hiebert, A. Owen, A. Khan (London, ON, Canada) 
Objective: To quantify biomarkers for recently-diagnosed PD patients in the midbrain and their dopaminergic 
connections to the striatum. 
Background: The development of improved PD treatments or even cures is dependent on reliable and sensitive 
biomarkers. Our lab found that in MRI, the caudal-motor sub-region of the striatum, the most DA-depleted region in 
PD, was significantly smaller in a random sample of PD patients compared to healthy controls. We aimed to validate 
this finding in the substantia nigra pars compacta (SNc) and ventral tegmental area (VTA) in a sample of recently-
diagnosed PD patients. Investigating early-PD patients could develop a sensitive biomarker for PD diagnosis 
Methods: 21 recently-diagnosed PD patients and 20 age-matched healthy controls were scanned in both 3T and 7T. 
Diffusion-weighted imaging (DWI) scans were acquired. In 3T and 7T, following preprocessing, the cortex, 
striatum, SNc, and VTA were segmented according to the CIT168 atlas. The cortex, SNc, and VTA were each 
parcellated into functionally-derived sub-regions, comprising the limbic, executive, rostral-motor, caudal-motor, 
parietal, temporal, and occipital sub-regions. To assess SNc and VTA connectivity, probabilistic tractography was 
performed with seeds in SNc and VTA sub-regions to sub-region targets in the striatum and cortex. 
Results: In 3T, no significant volumetric differences were found. However, in the striatum, PD participants had 
significantly greater left volume lateralization in the caudal motor region compared to controls (CT=0.97, PD=1.29, 
p=0.023). PDs also had significantly less right mean diffusivity compared to controls (CT=0.915, PD=0.982, 
p=0.004). A binary logistic regression of these measures and follow-up ROC analysis demonstrated their capacity to 
distinguish PD from control (AOC=0.76, p=0.0004). In the midbrian, fractional anisotropy (a measurement for 
connectivity) of the caudal motor region was significantly lower in PDs compared to controls (CT=0.372, 
PD=0.309, p=0.046). This difference was able to distinguish PD patient from control (AOC=0.728, p=0.011). 7T 
and other analyses and discussed in terms of their ability to act as biomarkers in PD 
Conclusions: Diffusion MRI measures of the striatum and midbrain may have the ability to differentiate early PD 
from control. This may be able to accurately diagnose PD patients. 

1924 
Functional Biomarkers of Parkinson's Disease: Changes in Brain-Wide Network Connectivity in Default 
Mode and Fronto-Parietal Control Networks 
P. MacDonald, N. Hiebert, L. Naci, A. Owen (London, ON, Canada) 
Objective: Parkinson’s disease (PD) is a neurological disorder with no reliable biomarkers. We aimed to investigate 
naturalistic paradigms as functional biomarkers that distinguish between PD patients and controls as well as track 
disease progression. 
Background: Naturalistic paradigms involve presenting complex, realistic stimuli, such as compelling movie clips, 
while neural activity is measured. Distinct neural networks are activated and vary in a specific manner over the time-
course of the narrative. Synchronicity over time in distinct networks compared to young healthy control data, 
provides an innovative means for probing active sensory and cognitive processing even in patients differing greatly 
in cognitive or motor abilities. Fronto-parietal control network (FPCN) is involved in the modulation of attention 
between internal and external stimuli and is predicted to be the first higher-order network affected in PD.  Many 
areas of the FPCN are reciprocally connected to the caudal motor area of the striatum, the first striatal area deprived 
of dopamine. Default mode network is involved in introspective thought and is activated during idle relaxation.  It is 
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expected to be the last network affected in PD as areas are reciprocally connected to the later-degenerating ventral 
tegmental area. 
Methods: 16 patients with PD and 15 matched healthy controls were tested twice, once on and the other off 
dopaminergic medication. Participants watched two film clips, one during each session, while brain activity was 
simultaneously acquired using fMRI.  Synchronicity was measured by the number of activated voxels within each 
network that positively correlate with the timecourses from the young dataset. 
Results: Synchronicity within FPCN was significantly greater in healthy controls, compared to PD patients when 
both were tested in the OFF state. Additionally, synchronicity within the DMN network was sensitive to disease 
progression as it was significantly reduced in patients in the early compared to late-stages of PD, as measured by 
their daily dose of levodopa. 
Conclusions: Synchronicity in the FPCN and DMN networks while viewing short films was sensitive to both 
distinguish PD patients from controls, as well as track disease progression. 

1925 
Focus on the Locus: Ultra-high field MRI evaluation of locus coeruleus structure and function in Parkinson’s 
Disease 
C. Madelung, D. Meder, A. Løkkegaard, H. Siebner (Hvidovre, Denmark) 
Objective: To develop an imaging protocol for 7 tesla magnetic resonance imaging (MRI) that captures the 
structural and functional consequences of locus coeruleus (LC) neurodegeneration. Subsequently, to unravel how 
LC degeneration and noradrenergic (NA) dysfunction contributes to non-motor symptoms in Parkinson’s disease 
(PD). 
Background: PD is a neurodegenerative disease affecting neuromodulatory brainstem nuclei leading to severe 
neuronal loss in the substantia nigra (SN) and locus coeruleus (LC)[1]. PD can, in addition to the classical triad of 
motor symptoms, cause heterogeneous non-motor symptoms including sleep disorders, neuropsychiatric and 
cognitive symptoms (e.g. depression, apathy, anxiety and dementia). NA is involved in modulating sleep, arousal, 
emotional processing and cognition, and NA loss from LC degeneration might therefore contribute to the 
development of non-motor symptoms associated with PD. We are exploring changes in the LC and a possible 
correlation to NA-related non-motor symptoms in PD. So far however, the effects of LC degeneration and NA 
dysfunction in PD remain largely unknown. 
Methods: PD related changes in the LC are quantified using 7 tesla structural and functional MRI. Structural 
changes are assessed using a neuromelanin sensitive, magnetization transfer weighted (MTw) sequence similar to 
the method developed by Priovoulos et al.[2]. This allows for evaluation of the structural integrity of the LC at sub-
millimetre resolution (voxel size 0.4x0.4x1.0mm). Functional MRI (fMRI) is used to evaluate the LC-NA response 
to emotionally salient visual stimuli in two sessions, on and off PD medication. Non-motor symptoms are assessed 
using the Non-Motor Symptom Scale, Montreal Cognitive Assessment, Beck’s Depression Inventory and Lille 
Apathy Rating Scale. 
Results: Acquisition of structural data and pilot fMRI experiments are ongoing with 22/60 patients and 4/30 healthy 
control participants currently enrolled. As a preliminary finding, the LC could be identified visually in 10 of the 16 
subjects scanned: Visible L=10 R=7, not visible L=4, R=7, uncertain L=2, R=2 (L, left LC, R, right LC). 
Conclusions: We have developed a 7T MRI protocol for assessing structural and functional changes in the LC. Data 
collection is expected to be completed by March 2020. 
References: [1] N. Giguère, S. Burke Nanni, L.-E. Trudeau, On Cell Loss and Selective Vulnerability of Neuronal 
Populations in Parkinson’s Disease, Front. Neurol. 9 (2018). doi:10.3389/fneur.2018.00455. [2] N. Priovoulos, 
H.I.L. Jacobs, D. Ivanov, K. Uludag, F.R.J. Verhey, B.A. Poser, High-resolution in vivo imaging of human locus 
coeruleus by Magnetization Transfer MRI at 3T and 7T, NeuroImage. (2017). 
doi:10.1016/j.neuroimage.2017.07.045. 
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1926 
Imaging correlates of impaired self-awareness of cognitive deficits in Parkinson’s disease 
F. Maier, A. Greuel, M. Hoock, M. Tahmasian, F. Jessen, I. Csoti, L. Timmermann, C. Eggers (Cologne, Germany) 
Objective: To discover the neural basis of impaired self-awareness of cognitive deficits (ISA-cog) in Parkinson’s 
disease (PD) patients with mild cognitive impairment (MCI). 
Background: Anosognosia or ISA-cog has been rarely investigated in PD, although cognitive impairments may 
appear early in the course of the disease. In Alzheimer’s Disease (AD), numerous studies exist and demonstrate that 
ISA-cog can be present in patients with MCI and dementia. In AD, the cingulate cortex has been related to ISA-cog 
suggesting impaired error detection. 
Methods: We examined 63 PD patients and 30 age- and education-matched healthy controls. Depressed and/or 
demented patients were excluded. Patient’s cognitive state (normal cognition or MCI) was examined according to 
MDS Level II criteria. A standard deviation (SD) of ≤ 1.5 was considered as impairment. ISA-cog was determined 
by comparing z-scores for objective tests with subjective questionnaires. To examine neuroimaging correlates of 
ISA-cog, 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) was conducted. Glucose metabolism 
was analyzed in a whole brain approach. 
Results: No differences in ISA-cog were found when all PD patients and controls were compared, although patients 
were significantly more cognitively impaired. When PD patients were classified, 40 had normal cognition (PD-NC) 
and 23 had MCI. MCI patients showed significantly more ISA-cog compared to controls and PD-NC. When FDG-
PET images were analyzed, no significant correlation was found between ISA-cog and glucose metabolism in 
controls and PD-NC. When all PD patients were examined, lower FDG-metabolism was significantly associated 
with more ISA-cog in the right superior medial frontal gyrus and the right anterior cingulate cortex (FWE-corrected 
p<.001). When MCI patients were analyzed, more ISA-cog was significantly related to a decreased FDG-
metabolism in the right superior temporal lobe and the right insula (FWE-corrected p=.023) as well as in the right 
mid-cingulate cortex (FWE-corrected p=.002). 
Conclusions: Similarly to AD, the cingulate cortex seems to play a crucial role in ISA-cog in PD patients with MCI. 
Additionally, the right superior temporal lobe and the right insula might be involved. 

1927 
Molecular correlates of survival and clinical severity in Progressive Supranuclear Palsy 
M. Malpetti, L. Passamonti, T. Rittman, P. Vázquez Rodríguez, W.R. Bevan-Jones, F. Aigbirhio, J. O'Brien, J. Rowe 
(Cambridge, United Kingdom) 
Objective: To test how regional tau pathology and neuroinflammation are associated with clinical severity and 
survival in progressive supranuclear palsy (PSP). 
Background: The abnormal aggregation of tau protein and microglial activation are key etiopathogenetic factors in 
PSP, as highlighted by in vivo positron emission tomography (PET) and post mortem pathology [1,2]. 
Methods: 17 patients with PSP-Richardson’s syndrome underwent [11C]PK-11195 and [18F]AV-1451 PET 
imaging, to quantify and localise microglial activation and tau pathology respectively. Clinical severity was 
longitudinally assessed with the PSP rating scale (PSPRS). Non-displaceable specific binding potential for both PET 
ligands was calculated in regions of interest including basal ganglia, brainstem, and cerebellum. A temporal 
‘staging’ score of disease onset to PET, as a fraction of disease onset to death, was calculated for 14 patients. We 
tested Pearson correlations between tracer-specific regional values and: (i) baseline estimated PSPRS scores; (ii) 
temporal stage at the time of PET, and (iii) PSPRS rate of longitudinal change. 
Results: PSPRS scores at the time of PET scan positively related to [11C]PK-11195 and [18F]AV-1451 binding in 
the pallidum, midbrain, and dentate nucleus of the cerebellum (p<0.05) and to [11C]PK-11195 binding in the pons 
(p=0.003). [11C]PK-11195 binding in pallidum was also positively correlated with temporal PSP stage (0.564, 
p=0.036). PSPRS rate of longitudinal change negatively correlated with [18F]AV-1451 (-0.550, p=0.027) in the 
pallidum. 
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Conclusions: Tau pathology and microglial activation in subcortical regions are related to clinical severity and 
prognosis in PSP. The negative associations between [18F]AV-1451 PET binding in the pallidum and longitudinal 
clinical changes can be interpreted in the context of previous imaging and neuropathological studies which have 
shown severe neuronal loss in the pallidum in PSP. 
References: [1] Passamonti, et al. 18F-AV-1451 positron emission tomography in Alzheimer’s disease and 
progressive supranuclear palsy. Brain 140.3 (2017): 781-791. [2] Passamonti, et al. [11C] PK11195 binding in 
Alzheimer disease and progressive supranuclear palsy. Neurology 90.22 (2018): e1989-e1996. 

1928 
Clinical and DAT Imaging Characteristics of Participants with Scans without Evidence of Dopaminergic 
Deficit (SWEDDs): PPMI Cohort 2 year follow-up 
K. Marek, T. Simuni, A. Siderowf, D. Lafontant, C. Caspell-Garcia, C. Coffey, B. Mollenhauer, C. Tanner, K. 
Kieburtz, L. Chahine, J. Seibyl (New Haven, CT, USA) 
Objective: To examine the clinical and biological characteristics of participants with scans without 
evidence of dopaminergic deficit (SWEDD) during a two-year follow-up. 
Background: Study participants with SWEDD at screening DAT imaging have clinical and imaging progression 
inconsistent with typical PD. DAT imaging has been increasing utilized as an eligibility criterion in PD clinical trials 
to enrich the study cohort for PD pathology. 
Methods: The Parkinson’s Progression Markers Initiative (PPMI) is an observational longitudinal study of 
progression biomarkers for PD.  Untreated PD participants were required to have abnormal DAT scan (visual read) 
for enrollment. Participants with the investigator diagnosis of PD and SWEDD were followed prospectively for 2 
years as a separate cohort. All SWEDD participants were assessed with motor and non-motor scales, repeat DAT 
imaging and biologic variables. DAT imaging was assessed both visually and with quantitative analysis. Specific 
binding ratio (SBR) < 65%, >=65 to <80% and >=80% of age expected lowest putamen were used as cut offs for 
PD, indeterminate and non-PD quantitative classification respectively]. 
Results: 16% of PD subjects were SWEDDs (81/503). 64/81 SWEDDs were enrolled in follow up. At baseline there 
was no age/ gender, disease duration difference between SWEDDs and PD subjects. SWEDDs had lower MDS-
UPDRS Part III scores and higher part I scores. At baseline, 4/81 participants with SWEDD on visual read had 
<65% age expected lowest putamen SBR. Two-year scans were completed in 51/64 participants with SWEDD.  At 
two years 4/51 had <65% age expected lowest putamen SBR (2 had baseline <65 and 2 had baseline 
indeterminate).  At two years 5 participants had a positive visual read (including all 4 of those with <65% at 2 
years). 
[TS1]80 or 81? 
Conclusions: There is approximately a 5% variance between visual and quantitative definition of SWEDDs 
suggesting that a visual/quantitative hybrid may provide the best accuracy. In this study, when readers were required 
to have very high certainty of DAT deficit at visual read at baseline approximately 5% of subjects defined as 
SWEDD had a DAT deficit at 2-year follow-up. 

1929 
Is 18F-FDG-PET/CT a helpful tool to diagnose PSP clinical variants? 
G. Marti-Andres, M. Riverol-Fernandez, R. Valentí-Azcárate, M. Fernández-Matarrubia, E. Prieto-Azcárate, J. 
Arbizu-Azcarate, M.R. Luquin-Piudo (Pamplona, Spain) 
Objective: To assess if there are differential metabolic brain patterns among Progressive Supranuclear Palsy(PSP) 
clinical variants and between them and Parkinson’s disease patients (PD). 
Background: Current PSP-MDS criteria provides a guideline to establish the diagnose of the different PSP 
variants[1]. They were based on clinicopathological multicentre studies of patients with defined PSP[2–5]. An 
accurate clinical diagnosis is both challenging and worthy. They are frequently misdiagnosed with PD or other 
atypical parkinsonism, but also, they differ significantly with regard to survival time and frequency of cognitive 
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deficits. Regarding  18F-FDG-PET/CT metabolism has been correlated to tau neuropathology and neuronal 
degeneration[6,7] it could be a useful diagnostic tool. 
Methods: It is an observational, retrospective cohort study. We recruited patients with the diagnosis of a clinical 
variant of PSP based on PSP-MDS criteria who were evaluated by 18F-FDG-PET/CT according to clinical practice 
between November 1997 and December 2018. Social, demographic and clinical data were collected from medical 
records. Preprocessing and statistical analyses were performed with SPM12 (p<0.05, corrected by multiple 
comparisons by FWE). They were not only compared between PSP variants but also with the healthy subject (n=20) 
and PD patient cohorts (n=21). 
Results: We recruited 38 patients (17 women) with final diagnosis of PSP: 18 PSP with Richardson’s Syndrome 
(PSP-RS), 14 PSP with predominant parkinsonism (PSP-P), 5 PSP with progressive gait freezing (PSP-PGF) and 1 
PSP with predominant speech/language disorder (PSP-SL). Both, PSP-RS and PSP-P variants showed a significative 
hypometabolism in mesencephalon, caudate nuclei and medial thalamus. Additionally, PSP-RS patients showed a 
significative hypometabolism in anterior-medium cingulate cortex, supplementary motor area and orbitofrontal 
cortex, and PSP-P showed a significant hypometabolism in the putamen contralateral to themore affected side. PSP-
PGF showed a significant hypometabolism in the caudate nuclei and insula cortex contralateral to the more affected 
side, and an hypermetabolism in bilateral precentral cortex, motor supplementary area and vermis. Finally, PSP-SL 
showed an hypometabolism in mesencephalon, medial thalamus and Broca’s area. 
Conclusions: Different PSP variants show differences in relation to metabolic brain pattern measured by 18F-FDG-
PET/CT. 
References: 1] G.U. Höglinger, G. Respondek, M. Stamelou, C. Kurz, K.A. Josephs, A.E. Lang, B. Mollenhauer, U. 
Müller, C. Nilsson, J.L. Whitwell, T. Arzberger, E. Englund, E. Gelpi, A. Giese, D.J. Irwin, W.G. Meissner, A. 
Pantelyat, A. Rajput, J.C. van Swieten, C. Troakes, A. Antonini, K.P. Bhatia, Y. Bordelon, Y. Compta, J.C. Corvol, 
C. Colosimo, D.W. Dickson, R. Dodel, L. Ferguson, M. Grossman, J. Kassubek, F. Krismer, J. Levin, S. Lorenzl, 
H.R. Morris, P. Nestor, W.H. Oertel, W. Poewe, G. Rabinovici, J.B. Rowe, G.D. Schellenberg, K. Seppi, T. van 
Eimeren, G.K. Wenning, A.L. Boxer, L.I. Golbe, I. Litvan, A.L. Boxer, A. Rajput, A. Pantelyat, A. Antonini, A.E. 
Lang, A. Giese, B. Mollenhauer, C. Colosimo, C. Kurz, C. Nilsson, C. Troakes, D.J. Irwin, D.W. Dickson, E. Gelpi, 
F. Krismer, G.D. Schellenberg, G. Respondek, G. Rabinovici, G.K. Wenning, G.U. Höglinger, H.R. Morris, I. 
Litvan, J.B. Rowe, J. Kassubek, J.C. Corvol, J.L. Whitwell, J. Levin, J. van Swieten, K.P. Bhatia, K.A. Josephs, K. 
Seppi, L.I. Golbe, M. Stamelou, M. Grossman, P. Nestor, R. Dodel, S. Lorenzl, T. van Eimeren, T. Arzberger, U. 
Müller, W.G. Meissner, W. Poewe, W.H. Oertel, Y. Compta, Y. Bordelon, Clinical diagnosis of progressive 
supranuclear palsy: The movement disorder society criteria, Mov. Disord. (2017). doi:10.1002/mds.26987. [2] D.W. 
Dickson, Z. Ahmed, A.A. Algom, Y. Tsuboi, K.A. Josephs, Neuropathology of variants of progressive supranuclear 
palsy, Curr. Opin. Neurol. 23 (2010) 394–400. doi:10.1097/WCO.0b013e32833be924. [3] D.R. Williams, R. De 
Silva, D.C. Paviour, A. Pittman, H.C. Watt, L. Kilford, J.L. Holton, T. Revesz, A.J. Lees, Characteristics of two 
distinct clinical phenotypes in pathologically proven progressive supranuclear palsy: Richardson’s syndrome and 
PSP-parkinsonism, Brain. 128 (2005) 1247–1258. doi:10.1093/brain/awh488. [4] G. Respondek, C. Kurz, T. 
Arzberger, Y. Compta, E. Englund, L.W. Ferguson, E. Gelpi, A. Giese, D.J. Irwin, W.G. Meissner, C. Nilsson, A. 
Pantelyat, A. Rajput, J.C. van Swieten, C. Troakes, K.A. Josephs, A.E. Lang, B. Mollenhauer, U. Müller, J.L. 
Whitwell, A. Antonini, K.P. Bhatia, Y. Bordelon, J.C. Corvol, C. Colosimo, R. Dodel, M. Grossman, J. Kassubek, 
F. Krismer, J. Levin, S. Lorenzl, H. Morris, P. Nestor, W.H. Oertel, G.D. Rabinovici, J.B. Rowe, T. van Eimeren, 
G.K. Wenning, A. Boxer, L.I. Golbe, I. Litvan, M. Stamelou, G.U. Höglinger, Which ante mortem clinical features 
predict progressive supranuclear palsy pathology?, Mov. Disord. (2017). doi:10.1002/mds.27034. [5] G. Respondek, 
G.U. Hoglinger, The phenotypic spectrum of progressive supranuclear palsy, Park. Relat. Disord. (2016). 
doi:10.1016/j.parkreldis.2015.09.041. [6] N. Zalewski, H. Botha, J.L. Whitwell, V. Lowe, D.W. Dickson, K.A. 
Josephs, FDG-PET in pathologically confirmed spontaneous 4R-tauopathy variants, J. Neurol. 261 (2014) 710–716. 
doi:10.1007/s00415-014-7256-4. [7] R. Smith, M. Schöll, M. Honer, C.F. Nilsson, E. Englund, O. Hansson, Tau 
neuropathology correlates with FDG-PET, but not AV-1451-PET, in progressive supranuclear palsy, Acta 
Neuropathol. (2017). doi:10.1007/s00401-016-1650-1. [8] T. Müller, Emerging approaches in Parkinson’s disease - 
Adjunctive role of safinamide, Ther. Clin. Risk Manag. (2016). doi:10.2147/TCRM.S86393. 
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1930 
11C-PBB3 PET in PD: does alpha-synuclein pathology start in axonal terminals? 
M. Matarazzo, A. Pérez-Soriano, V. Sossi, N. Vafai, E. Shahinfard, K. Ju-Chieh Cheng, J. McKenzie, N. Neilson, Q. 
Miao, H. Shinotoh, M. Higuchi, A. Stoessl (Vancouver, BC, Canada) 
Objective: To use 11C-PBB3 PET binding to monitor alpha-synuclein (a-syn) pathology in PD subjects in vivo. 
Background: In previous work we have shown binding of the tau tracer 11C-PBB3 in pre-symptomatic SNCA-
multiplication carriers and an MSA patient [1], consistent with the known topography of a-syn pathology and with 
post-mortem studies in MSA [2]. We hypothesized that 11C-PBB3 could label a-syn pathology in vivo in idiopathic 
PD. 
Methods: We studied 11C-PBB3 binding in non-demented PD subjects and age-matched healthy controls (HC). All 
subjects underwent clinical evaluation, including MDS-UPDRS-III and cognitive testing (MoCA , DRS-2). 
Results: We present preliminary results from 14 PD subjects and 7 HC, mean age 68.9 and 67.9 years, respectively. 
Disease duration was 7.9[IQR=6.6-11.2] years. We analyzed binding potentials, using Logan analysis with 
cerebellar white matter as reference region. Average binding was higher in PD in 63% of the studied brain regions 
(fig.1); this increase was statistically significant in 3 regions: bilateral posterior putamen and temporal cortex of the 
worse side (fig.2). Also, in the posterior putamen we observed a trend to higher binding in the worse vs better side in 
PD (fig.3). The nigral binding was slightly increased, but this was not statistically significant compared to HC. 
Conclusions: The debate on the origin and the progression of PD in the brain is still open, and little is known about 
the role of a-syn [3]. The involvement of this protein as a pathogenic agent and its preferential location in the 
neuronal soma (i.e. Lewy bodies), with a bottom-up progression, represent the prevailing hypothesis, but other 
possibilities should be considered [3–5]. Our data show increased binding of 11C-PBB3 in bilateral posterior 
putamen in non-demented PD subjects, which could reflect a relatively higher a-syn load at this level, supporting the 
hypothesis that striatal nerve terminals are the primary target in PD [5–7]. 
We are however unable to exclude the presence of co-aggregated tau or off-target binding to other protein 
aggregates that may co-localize with Lewy pathology. Further studies with more selective tracers are needed to 
confirm these results and to assess the relation between disease progression and the topography and degree of 
binding. 
References: 1 Perez-Soriano A, Arena JE, Dinelle K, et al. PBB3 imaging in Parkinsonian disorders: Evidence for 
binding to tau and other proteins. Mov Disord 2017;32:1016–24. doi:10.1002/mds.27029 2 Koga S, Ono M, Sahara 
N, et al. Fluorescence and autoradiographic evaluation of tau PET ligand PBB3 to α-synuclein pathology. Mov 
Disord 2017;32:884–92. doi:10.1002/mds.27013 3 Espay AJ, Vizcarra JA, Marsili L, et al. Revisiting protein 
aggregation as pathogenic in sporadic Parkinson and Alzheimer diseases. Neurology 2019;92:329–37. 
doi:10.1212/WNL.0000000000006926 4 Foffani G, Obeso JA. A Cortical Pathogenic Theory of Parkinson’s 
Disease. Neuron 2018;99:1116–28. doi:10.1016/j.neuron.2018.07.028 5 Burke RE, O’Malley K. Axon degeneration 
in Parkinson’s disease. Exp Neurol 2013;246:72–83. doi:10.1016/j.expneurol.2012.01.011 6 Shoji M, Harigaya Y, 
Sasaki A, et al. Accumulation of NACP/alpha-synuclein in lewy body disease and multiple system atrophy. J Neurol 
Neurosurg Psychiatry 2000;68:605–8. 7 Duda JE, Giasson BI, Mabon ME, et al. Novel antibodies to synuclein show 
abundant striatal pathology in Lewy body diseases. Ann Neurol 2002;52:205–10. doi:10.1002/ana.10279 
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1931 
Investigation of 531 cases of neuromelanin sensitive imaging, about its characteristics by disease 
K. Matsuura, Y. Ii, M. Maeda, K. Tabei, M. Umino, H. Tomimoto (Tsu, Japan) 
Objective: To investigate the utility of Neuro-Melanin sensitive MRI (NMI) by 3T MRI for diagnosis, the 
relationship and severity in Parkinson's disease (PD) and related disorders. 
Background: Several reports have shown that NMI by 3T MRI is useful for differential diagnosis of PD, 
progressive supranuclear palsy (PSP) and so on. Our previous research suggests that NMI is also helpful in tracking 
possible changes in PD over time. However, in the past various studies, the number of cases has not been sufficient. 
Methods: We investigated the results of diagnosis and NMI for a total of 591 patients (531 subjects except for 
duplication) who underwent NMI from October 2010 to December 2018. 
Results: Each clinical diagnosis was described below. Eleven normal (NC) (average 74.6 years old), 244 patients 
with PD (average 68.5 years old), 30 patients with dementia with Lewy bodies (DLB) (average 76.4 years old), 21 
patients with vascular parkinsonism (average 76.1 years old), 18 patients with drug-induced parkinsonism (average 
66.1 years old), 49 patients with PSP (average 72.5 years old), 19 patients with corticobasal syndrome (CBS) 
(average 70.7 years old), 19 patients with multiple system atrophy with predominant parkinsonism (MSA-P) 
(average of 66.6 years old), 11patients with multiple system atrophy with predominated in cerebellar ataxia (MSA-
C) (average of 68.0 years old), 10 patients with essential tremor  (average 76.8 years), 7 patients with 
spinocerebellar degeneration (SCD) (average 47.1 years old), 92 patients with others (including undiagnosed). The 
substantia nigra area (SN-AREA) of PD, DLB, PSP, CBS, MSA-P and SCD (14.9±9.1, 15.5±12.1, 11.0±11.2, 
14.8±12.4, 15.0±12.4 and 9.3±8.2 pixels, respectively.) was significantly smaller than that of NC (40.1±9.9 pixels、
All P values are < 0.001.).The contrast ratio of locus coeruleus (LC) in PD, DLB and MSA-C (3.9±3.6, 3.9±3.9 and 
2.8±3.9% respectively.) was smaller than that of NC (8.8±2.7%, p<0.001, p=0.055 and p=0.110, respectively). Also, 
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the contrast ratio of LC in PD (3.9±3.6%) was significantly smaller than that of PSP and CBS (8.6±2.8 and 
7.7±3.3%, p<0.001 and p<0.001, respectively). Notably, the case of hyperammonemia showed remarkably high 
intensity in SN on NMI. 
Conclusions: It seems that NMI contributes to clinical diagnosis and differentiation in neurodegenerative diseases 
such as PD, PSP, and MSA-P. 
References: Sasaki M, Shibata E, Tohyama K, Takahashi J, Otsuka K, Tsuchiya K, et al. Neuromelanin magnetic 
resonance imaging of locus ceruleus and substantia nigra in Parkinson’s disease. Neuroreport. 2006 (11):1215–8. 
Ohtsuka C, Sasaki M, Konno K, Kato K, Takahashi J, Yamashita F, et al. Differentiation of early-stage 
parkinsonisms using neuromelanin-sensitive magnetic resonance imaging. Parkinsonism Relat Disord. 2014; 20(7): 
755–60. Taniguchi D, Hatano T, Kamagata K, Okuzumi A, Oji Y, Mori A, et al. Neuromelanin imaging and 
midbrain volumetry in progressive supranuclear palsy and Parkinson’s disease. Mov Disord. 2018; 33(9):1488–92. 
Matsuura K, Maeda M, Tabei K, Umino M, Kajikawa H, Satoh M, et al. A longitudinal study of neuromelanin-
sensitive magnetic resonance imaging in Parkinson’s disease. Neurosci Lett. 2016; 633: 112–7. Matsuura K, Maeda 
M, Yata K, Ichiba Y, Yamaguchi T, Kanamaru K, et al. Neuromelanin magnetic resonance imaging in Parkinson’s 
disease and multiple system atrophy. Eur Neurol. 2013; 70(1–2): 70–7. 

 

1932 
Automated Interpretation of FP-CIT-SPECT images based on Artificial Intelligence 
M. Meier, J. Hammes, A. Drzezga, T. Dratsch, C. Kobe, D. dos Santos, T. van Eimeren (Cologne, Germany) 
Objective: Our objective is to develop an AI-based approach to automatically rate FIP-CIT-SPECT data. 
Background: FP-CIT-SPECT visualizes the integrity of nigro-striatal dopaminergic synapses in vivo. Although it is 
currently the gold-standard imaging method for the diagnosis of Parkinsonism, it is susceptible to inter-rater 
variability and quantitative threshold-values are not well established. Automated image processing by artificial 
intelligence (AI) holds the potential to drastically simplify and standardize FP-CIT-SPECT reading. 
Methods: 460 FP-CIT-SPECT datasets that had been acquired on a Picker Prism 3000 and reconstructed with an 
OSEM algorithm were retrospectively selected and expert ratings regarding presence of pathology were obtained 
and classified in three categories (healthy, pathologic, undetermined). Cranio-caudal maximum intensity projections 
(MIPs) were calculated to provide two-dimensional input images. A Google-Tensorflow® AI-environment was set 
up and the openly available pretrained “Inception-Net” for automated image classification was retrained with the 
FP-CIT MIPs after removal of the last training layer. Classification performance was cross-validated by a leave-n-
out approach. 
Results: Initial classification performance for automated detection of pathological scans was in a range from 65-
75%. The application of other pre-trained image classification networks, classification of MIPs derived from 
spatially normalized data and alternative tree-classifier-driven approaches are currently being explored. 
Conclusions: Although the classification performance of anatomically unprocessed data needs further improvement, 
we provide a proof of principle, that AI-based image processing in FP-CIT SPECT is possible. Improved image 
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preprocessing and alternative approaches will likely have a significant impact on the classifications performance so 
that AI-based automated image rating of FP-CIT-SPECT might be supportive in a future clinical setting. 

1933 
Differential diagnosis of Parkinsonian Syndromes – combining clinical and imaging data in a machine-
learning approach 
T. Meindl, Y. Li, A. Jochim, T. Mantel, A. Hapfelmeier, B. Haslinger (Munich, Germany) 
Objective: To assess the feasibility of automated classification of different parkinsonian subtypes using clinical and 
imaging variables in a single center study. 
Background: The clinical differential diagnosis of parkinsonian syndromes can be challenging. Imaging markers, 
both qualitative and quantitative, have provided assistance. For the latter, machine-learning approaches have been 
employed already (1,2). The combination of clinical signs and imaging markers, however, has not been assessed to 
date. 
Methods: Data on 253 patients was available with grossly different numbers of patients for each disease entity. 20 
clinical traits of parkinsonian syndromes dichotomized to „present: yes/no“, and 2190 ROI-based imaging markers 
derived from T1- and DTI-imaging were fed into 10 different machine-learning-models capable of dealing with 
multinomial outcomes and missing values. The algorithms were compared using three-fold nested cross-validation. 
Results: The winning models were random forest classifiers and boosted regression trees yielding a mean AUC of 
0.83. AUCs ranged between 0.84 and 0.89 for the classification of IPS vs. all, 0.83 and 0.88 for PSP vs all, 0.84 and 
0.94 for MSA vs. all and 0.61 and 0.91 for CBS vs. all. Model calibration showed high concordance of predicted 
probabilities and observed frequencies of entities. The variables most important for classification were 
responsiveness to L-dopa, volume of the middle cerebellar peduncle, pontine volume and presence of vertical gaze 
paresis. 
Conclusions: A number of machine-learning algorithms were simultaneously assessed using a dataset composed of 
clinical and imaging variables. Support in the diagnosis of one parkinsonian syndrome vs. all other syndromes is 
possible if the goal is the classification of a patient into one particular syndrome vs. all other entities. 
References: (1) Huppertz HJ et al., „Differentiation of neurodegenerative parkinsonian syndromes by volumetric 
magnetic resonance imaging analysis and support vector machine classification“, Mov Disord. 2016 Oct;31(10) (2) 
Scherfler C et al., „Diagnostic potential of automated subcortical volume segmentation in atypical parkinsonism“, 
Neurology. 2016 Mar 29 

1934 
Patterns of cortical thickness, surface area and subcortical volume in Parkinson's disease patients with 
freezing of gait 
T. Mi, S. Garg, A. Liu, P. Chan, M. McKeown (Beijing, China) 
Objective: To investigate the cortical thickness, surface area and subcortical volumes changes in the fronto-parietal 
cortices and subcortical structures, and to obtain a representative model of areas involved to predict the severity of 
symptoms in Parkinson’s disease patients with freezing of gait. 
Background: Previous functional neuroimaging studies have implicated the frontoparietal and frontostriatal 
dysfunction in the pathophysiology of freezing of gait in Parkinson’s disease, however, the extent of anatomical 
changes remains unclear. 
Methods: Forty Parkinson’s disease patients with freezing of gait, 31 without freezing of gait, and 30 normal 
controls were enrolled in the study. Whole brain structural imaging was performed on a SIEMENS Trio 3T scanner. 
Surface-based investigation of cortical thickness and surface area in 98 fronto-parietal gyrus and sulcus areas, and 
brain volumes in subcortical regions were carried out by using Freesurfer. Between-group differences and a 
combined Least Absolute Shrinkage and Selection Operator regression to predict freezing of gait severity were 
performed. 
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Results: Between-group differences showed focal cortical thinning in bilateral precentral gyrus, and reduced 
volume in the right putamen in Parkinson’s disease patients with freezing of gait compared to those without. No 
significant differences were found after Bonferroni correction in the comparisons between the two Parkinson’s 
disease groups with normal controls. Combined Least Absolute Shrinkage and Selection Operator regression 
demonstrated that cortical thickness in the bilateral precentral gyrus and interm_prim-Jensen syrus, surface area in 
the left parietal inferior gyrus, right frontal inferior gyrus, right orbital syrus, and subcortical volume in the right 
putamen, pallidum, thalamus could predict the freezing of gait score with a correlation of 0.927 (p＜0.001). 
Conclusions: Frontoparietal anatomical changes and freezing of gait in Parkinson’s disease are detectable and 
clearly related. 

1935 
Relationship between symptoms and regional density of metabotropic glutamate receptors subtype 1 
measured with 11C-ITMM PET in de novo Parkinson’s disease 
M. Mishina, K. Ishiwata, K. Kimura, M.R. Zhang, J. Toyohara, K. Wagatsuma, M. Sakata, K. Ishibashi, K. Ishii, M. 
Suzuki (Kawasaki, Japan) 
Objective: To investigate correlations of motor and non-motor symptoms with the brain densitiesof the 
metabotropic glutamate receptor subtype 1 (mGluR1) in de novo Parkinson’s disease (PD) using N-[4-[6-
(isopropylamino)pyrimidin-4-yl]-1,3-thiazol-2-yl]-4-[11C]methoxy-N-methylbenzamide (ITMM) and positron 
emission tomography (PET). 
Background: The mGluR1 localized postsynaptically in the cerebellar Purkinje cells, striatonigral and 
striatopallidal projection neurons, and striatal interneurons. Recently, we found distribution volume ratio (DVR) of 
ITMM in the PD patients was significantly lower than in the elderly healthy controls in the cerebellar hemisphere, 
and temporal and parietal lobe. 
Methods: We studied nine de novo patients with PD. Informed consent was obtained from all subjects.We used to 
evaluate severityof non-motor and motor symptoms with The Movement Disorder Society-sponsored revision of the 
Unified PD Rating Scale (MDS-UPDRS) part I and III, respectively. A dynamic series of decay-corrected PET 
scans was performed for 90 minutes starting at the time of the injection of 700 MBq of 11C-ITMM. Circular ROI of 
10-mm in diameter were placed on the PET images. We calculated regional time activity curves in the tissue 
(tTACs) from the dynamic data and ROIs, and we evaluated binding of 11C-ITMM to mGluR1s in the regions as a 
distribution volume ratio (DVR) using tTACs, a graphical analysis with the occipital lobe as the reference region. 
Unpaired t-tests were used to compare the DVRs between the severe and mild groups for motor and non-motor 
symptoms. The parameters from the more affected and the less affected side were compared using a paired ttest. The 
level of significance was set at p<0.05. 
Results: The DVRshowed no significant relationship with severity for both motor and non-motor symptomin all 
regions [Table 1].There are no significant differences between the DVRof the PD patients and symptomatic 
asymmetry in all regions [Table 2]. 
Conclusions: In Parkinson’s disease, the inhibitory output from the basal ganglia to the thalamus is elevated, and 
the excitatory output from the thalamus to the cerebral cortex is attenuated. Our results may be involved in the 
decrease in dopamine and parkinsonism such as akinesia, although our data did not show involvements in severity of 
parkinsonism and asymmetry. 
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1936 
Relations of clinical symptoms with dopamine transporter imaging in untreated Parkinson's disease 
Y. Mito, H. Yaguchi, Y. Tajima (Sapporo, Japan) 
Objective: The aim of the present study was to determine the relations of clinical symptoms with nigrostriatal 
neuron loss in untreated patients with Parkinson's disease (PD). 
Background: PD is an extrapyramidal neurological disorder, and the cardinal symptoms of PD are bradykinesia, 
rigidity, and tremor. The dopaminergic system is the most seriously affected, and initial successful therapeutic 
strategies are based on different forms of dopamine replacement therapy. The considerable proportion of 
dopaminergic neurons of substantia nigra have already degenerated at the time of diagnosis, but other areas of the 
nervous system are also affected by intraneuronal Lewy body function that contain aggregates of misfolded α-
synuclein. 

This article is protected by copyright. All rights reserved.



Methods: Thirty-two untreated PD patients (14 men and 18 women with a mean age of 71.4 years) were included in 
this study. They underwent clinical assessments measured by Unified Parkinson's Disease Rating Scale (UPDRS) 
and overactive bladder symptom score (OABSS) and evaluated striatal dopamine transporter (DAT) binding 
measured by 123I-FP-CIT SPECT. Patients were divided into high score group and low score group according to the 
UPDRS motor score, akinetic-rigid score, tremor score. Patients were also divided into symptomatic group and 
asymptomatic group due to existences of fall, freezing of gait (FOG), overactive bladder (OAB). Clinical symptoms 
and striatal DAT availability of PD were compared. 
Results: The results showed that the striatal DAT availability was significantly lower in the high UPDRS motor 
score group, high akinetic-rigid score group, FOG group, OAB group than in the low UPDRS motor score group, 
low akinetic-rigid score group, Non-FOG group, Non-OAB group. However, results showed no significant 
differences between the high tremor score group or faller group, and low tremor score group or Non-faller group. 
Conclusions: Severity of bradykinesia and axial symptoms and existence of FOG, OAB in untreated PD are related 
to a decrease in the striatal DAT availability. Severity of tremor and existence of fall are not related to a decrease in 
the striatal DAT availability. The mechanism of clinical symptoms of PD has not only dopaminergic pathways but 
also non-dopaminergic pathways. We should be conscious to relevance of degenerated dopaminergic or non-
dopaminergic pathways in each symptoms. 

1937 
Multimodal Graph Theory Analysis Identifies Reward Network in Prediction of Motor Response to Deep 
Brain Stimulation 
J. Muller, L. Li, C. Matias, M. Alizadeh, J. Miao, S. Thalheimer, V. Romo, F. Mohamed, C. Wu (Philadelphia, PA, 
USA) 
Objective: Identify structural and functional networks that may be used to predict motor improvement after deep 
brain stimulation (DBS), supporting the existence of an underlying anatomical substrate for functional networks. 
Background: DBS targets the basal ganglia to treat motor symptoms in patients with advanced Parkinson’s Disease 
(PD), but is thought to have distributed network effects[CW1] .[1] The topology of white matter networks is crucial 
for efficient information integration between brain regions, and can be studied using advanced imaging 
techniques.[2] A breakdown of compensatory mechanisms influencing dopamine processing could contribute to PD, 
as striatal release of dopamine can signal a “reward prediction error”.[4][5]  It has been suggested that functional 
connectivity to the ventromedial prefrontal cortex (vmPRFC) is crucial for the maintenance of cognitive function in 
patients with PD.[3] 
Methods: Diffusion-weighted and resting-state MRI scans were acquired in 9 patients with advanced PD 
undergoing DBS. Structural and functional correlation matrices were calculated between 120 regions defined by the 
Automated Anatomical Labeling (AAL) atlas. Network analysis was performed on both functional and structural 
matrices using the Graph-theoretical Network Analysis (GRETNA) toolbox. Hemibody MDS-UPDRS-III scores 
were correlated to ipsilateral and contralateral graph theory metrics for an evaluation of a total of 18 hemispheres. 
Correlations were tested for statistical significance using a one-tailed heteroscedastic t-test. 
Results: Significant correlation was found between several functional graph theory metrics and percent 
improvement of MDS-UPDRS-III. There were significantly more functional than structural correlations between 
response to DBS and graph theory metrics overall. The vmPFC was significantly correlated to MDS-UPDRS-III 
improvement with degree centrality in both functional and structural networks (functional p=0.03, structural p=0.02) 
and was the only ROI showing significant correlation using both modalities. 
Conclusions: These findings suggest that reward network integrity – particularly vmPFC connectivity – may help 
predict patient response to DBS in patients with advanced PD. Specifically, the inverse relationship (Fig 2A) 
suggests that candidates without the need for significant compensatory engagement of decision-making and reward 
networks may be better candidates for DBS therapy. 
References: [1] Alhourani A, McDowell MM, Randazzo MJ, Wozny TA, Kondylis ED, Lipski WJ, Beck S, Karp 
JF, Ghuman AS, Richardson RM. Network effects of deep brain stimulation. Journal of neurophysiology. 2015 Aug 
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12;114(4):2105-17. [2] van den Heuvel, M. P., Mandl, R. C., Stam, C. J., Kahn, R. S., & Pol, H. E. H. (2010). 
Aberrant frontal and temporal complex network structure in schizophrenia: a graph theoretical analysis. Journal of 
Neuroscience, 30(47), 15915-15926. [3] Muthuraman M, Deuschl G, Koirala N, Riedel C, Volkmann J, Groppa S. 
Effects of DBS in parkinsonian patients depend on the structural integrity of frontal cortex. Scientific reports. 2017 
Mar 6;7:43571. [4] Nandhagopal R, Kuramoto L, Schulzer M, Mak E, Cragg J, McKenzie J, McCormick S, Ruth 
TJ, Sossi V, De La Fuente-Fernandez R, Stoessl AJ. Longitudinal evolution of compensatory changes in striatal 
dopamine processing in Parkinson's disease. Brain. 2011 Nov 1;134(11):3290-8. [5] Schultz W. Dopamine neurons 
and their role in reward mechanisms. Current opinion in neurobiology. 1997 Apr 1;7(2):191-7. 
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1938 
Effective deep brain stimulation co-modulate cross-frequency coupling 
M. Muthuraman, S. Groppa, M. Glaser, N. Koirala, M. Bange (Mainz, Germany) 
Objective: The disruption of pathological signals in the cortico-basal ganglia- network has been hypothesized as a 
mechanism of action of deep brain stimulation (DBS).  However, a comprehensive model for DBS modulating 
oscillations is still missing. 
Background: Besides considering gamma as physiologic and pro-kinetic, it has been suggested that finely tuned 
gamma oscillations between 60-90Hz reflect dynamic processing, possibly by inducing local inhibition or 
facilitation. Most studies investigating gamma focused on oscillations within the STN, motor cortex (M1), 
supplementary motor area (SMA), and the pallidum (Allert et al., 2018). Furthermore, elements of the BG-
thalamocortical network like the premotor (PMC) or prefrontal cortices (PFC) and the sub-cortical network of 
cerebellum (CB) have been neglected to date. 
Methods:  
We recorded resting state high-density 256-channels EEG of 31 PD-patients during DBS at the clinically most 
effective frequency (i.e 130Hz or 160Hz). We compared spectral power and cross-frequency coupling (frequency to 
power) of cortical and subcortical regions using a beamformer algorithm for coherent sources (Muthuraman et al., 
2018). Two clinically ineffective frequencies have been tested as control conditions. 
Results: We demonstrated that clinically effective STN-DBS alters oscillatory activity in a wide-spread network of 
cortical and subcortical regions. A reduction of beta and increase of gamma power is attested in the cortical (M1, 
SMA, PMC, PFC) and sub-cortical network nodes (STN, CB). Additionally, we found increased cross-frequency 
coupling of narrowband gamma frequencies to the stimulation frequency in the same nodes of the cortico-
subcortical network. No such dynamics were revealed within control regions (i.e. posterior parietal cortex). 
Furthermore, stimulating at lower or higher frequencies did not significantly alter the networks’ source power 
spectra or cross-frequency coupling. 
Conclusions: We were able to show a modulation of beta- and gamma-power and cross-frequency coupling during 
DBS with HD-EEG in a cortical-sub cortical network. DBS does not exclusively influence motor-function but also 
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the physiological processing related to facilitation and dynamic adaptation, in line with the proposed function of 
gamma oscillations. 
References: Allert, N., Cheeran, B., Deuschl, G., Barbe, M. T., Csoti, I., Ebke, M., … Groppa, S. (2018). 
Postoperative rehabilitation after deep brain stimulation surgery for movement disorders. Clinical Neurophysiology: 
Official Journal of the International Federation of Clinical Neurophysiology, 129(3), 592–601. 
https://doi.org/10.1016/j.clinph.2017.12.035 Muthuraman, M., Raethjen, J., Koirala, N., Anwar, A. R., Mideksa, K. 
G., Elble, R., … Deuschl, G. (2018). Cerebello-cortical network fingerprints differ between essential, Parkinson’s 
and mimicked tremors. Brain: A Journal of Neurology, 141(6), 1770–1781. https://doi.org/10.1093/brain/awy098 

1939 
FDG PET: a good predictive tool for CNS inflammation 
M. Nader, F. Fluchere, T. Witjas, A. Eusebio, J.P. Azulay (Marseille, France) 
Objective: 1)When to suspect an underlying autoimmune process in patients presenting with parkinsonism. 2)To 
highlight the importance of FDG PET as a complementary exam in addition to LP and EEG when suspecting AE. 
Background: Autoimmune encephalitis (AE) and paraneoplastic neurological disorders (PND) presenting as 
parkinsonism are described just in a few case reports. Early recognition may have a positive impact on the disease 
course. FDG PET proved to be more sensitive than MRI in detecting CNS inflammation. According to consensus 
criteria, it is only considered in the diagnostic criteria for definite autoimmune limbic encephalitis, leaving many 
possible and probable cases undiagnosed. We proposed considering FDG PET as one of the complementary exams 
in addition to MRI, LP and EEG, in order to make the diagnosis of AE more sensitive 
Methods: Clinical suspicion of an underlying autoimmune process was based on the sudden unexpected clinical 
deterioration during the course of a well diagnosed neurodegenerative disorder or on a rapid clinical progression 
associated with unusual signs like seizures. All patients underwent brain MRI, FDG PET, LP, EEG and whole body 
scan and or PET scan. We searched for anti-neuronal antibodies in CSF and serum. Patients were treated with IVIG 
+/- steroids. Clinical improvement was based on UPDRS and cognitive improvement. 
Results: Among the eight patients included, four had parkinson’s disease and four were difficult to classify among 
the established parkinsonian syndromes. Only three had abnormal MRI suggesting encephalitis, whereas seven out 
of eight had abnormal FDG PET ranging from diffuse hypometabolism to focal hypo or hypermetabolism. LP 
results showed pleocytosis (48cells/ml) in one patient, and elevated protein concentration in two ( 0,8g/l and 1.33g/l 
respectively). EEG showed bilateral temporal sharp waves in one patient. A neuroendocrine colon tumor was 
detected in one patient. Anti-GAD antibodies (Ab) were detected in one patient (15 IU/ml) and anti-VGKC Ab in 
another (88 pmol/l). All but one metour proposed criteria for seronegative AE. Four out of five patients were 
diagnose to have possible AE and one with definitive diagnosis. Clinical improvement was seen in six patients. 
Conclusions: Clinical presentation remains the most important clue for suspecting AE. In our small series FDG PET 
seems to be more sensitive than MRI and should be considered as a complementary exam in addition to LP and 
EEG. 

1940 
Increased hub function in posterior medial cortex in Parkinson's disease without mild cognitive impairement 
- A resting state fMRI study - 
A. Nagano-Saito, P. Bellec, S. Jobert, B. Mejia-Constain, C. Degroot, A. Lafontaine, A. Hanganu, J. Lissemore, K. 
Smart, C. Benkelfat, O. Monchi (Montreal, QC, Canada) 
Objective: Using resting-state functional MRI (rsfMRI) data of younger and older healthy volunteers and patients 
with Parkinson’s disease (PD) with and without mild cognitive impairment (MCI) and applying graph theory 
approach, we investigated the effects of age, pathology, and cognition on brain connectivity. 
Background: Aging is a risk factor for MCI and the strongest predictive factor of dementia in PD patients [1, 
2].  Untangling the effect of the neuro-degeneration of PD from the effects of regular aging is important for further 
understanding the functional connectivity in PD patients associated with cognitive deficits. 
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Methods: Participants: PD with MCI (PD-MCI; n = 15, mean age = 69.4 ), PD without MCI (PD-nonMCI, n = 20, 
mean age = 63.8). Older volunteers (OHV, n = 20, mean age = 70.0). Younger volunteers (n = 30, mean age 23.8). 
Methods: All the participants underwent resting state fMRI (rsfMRI).  In graph theory analysis, degree is the number 
of connections attached to a given node in a designed binary graphed brain network [3], and hubs are nodes with 
high degree.  Using 118 clusters in the brain, obtained from bootstrap analysis of stable cluster (BASC) method [4], 
we investigate the impact of aging, disease, and cognitive state on the hub function, measured by degrees, in the 
brain. 
Results: We observed decreased hub function (measured by degree and betweenness centrality) mainly in the 
medial prefrontal cortex (mPFC) in older healthy volunteers compared with younger healthy volunteers. We also 
found increased hub function in the posterior medial structure (precuneus and the cingulate cortex) in PD-nonMCI 
patients compared with older healthy volunteers and PD-MCI patients.  Hub function in these posterior medial 
structures was positively correlated with cognitive function in all PD patients.  These observation was survived 
when age as a covariate. 
Conclusions: The medial structures, including the mPFC and the posterior medial cortex, are considered as core 
structure in the human brain [5].  Together these data suggest that the increased hub function in the posterior medial 
cortex could support cognition in PD patients, and that the overlapping patterns of hub modifications could mediate 
the effect of age as a risk factor a for cognitive decline in PD, including age-related reduction of hub function in the 
mPFC. 
References: [1] Aarsland D, et al, 2010. Mild cognitive impairment in Parkinson disease: a multicenter pooled 
analysis. [2] Aarsland D, et al, 2010. The epidemiology of dementia associated with Parkinson disease. [3] Sporns 
O, et al, 2007. Identification and classification of hubs in brain networks. [4] Bellec P, et al. 2010. Multi-level 
bootstrap analysis of stable clusters in resting-state fMRI. [5] Hagmann P, et al. 2008. Mapping the structural core of 
human cerebral cortex. 

1941 
Increased fractional anisotropy in precuneus in Parkinson's disease without mild cognitive impairment - a 
diffusion tensor imaging study 
A. Nagano-Saito, J. Houde, C. Bedetti, M. Côté, O. Monchi (Montreal, QC, Canada) 
Objective: Using diffusion tensor imaging (DTI) data of healthy volunteers and patients with Parkinson’s disease 
(PD) with and without mild cognitive impairment (MCI),  we search the change of the medial structure in PD 
patients. 
Background: The main pathological target of Parkinson’s disease (PD) is the dopaminergic projection to the basal 
ganglia. Up-regulation of the midline structure (e.g. medial prefrontal cortex, cingulate cortex and precuneus (aPrC)) 
is repeatedly reported [1, 2].  There may also exists up-regulation of microstructure, measured by DTI, in the area. 
Methods: Participants: PD without mild cognitive impairment (PD-nonMCI, n = 20, age 59.4 ± 5.0). PD with mild 
cognitive impairment (PD-MCI, n = 19, age 63.0 ± 5.1). Healthy volunteers (HV, n = 16, age; 61.8 ± 
5.5).  Methods:  All the participants underwent DTI, and fractional anisotropy (FA), mean diffusivity (MD) and 
radial diffusivity (RD) images, as well as tractography were created [3, 4]. With four regions of interests located in 
the anterior cingulate area, posterior cingulate area, and anterior and posterior parts of precuneus (aPrC and pPrC), 
individual FA, MD and RD were measured and compared among the groups.  Correlation analysis between FA and 
cognitive scores (measured by Brixton representing executive function, and RAVLT representing memory function), 
were calculated, in PD and HV, respectively.  Further, the numbers of tract passing the PrC toward to the dorsal and 
ventral cingulum bundles, and toward to the paracentral area directly, were counted [5], and correlation rates were 
calculated with the FA, in PD and HV, respectively. 
Results: The FA in the aPrC was increased in the PD-nonMCI, compared to the HV.  The MD and RD in the region 
were increased in the PD-MCI compared to PD-nonMCI.  The FA in the region was correlated with the RAVLT 
scores in HV, whereas the FA was correlated with the Brixton in PD patients. The FA in aPrC was correlated with 
the number of the dorsal cingulum bundle in PD, but not in HV. 
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Conclusions: The increased connection in the in the aPrC may support cognition, especially in executive function, 
in PD patients.  The increased FA is associated with connection to the cingulum bundle, plausibly supporting 
information transfer from the posterior area to the anterior area compensating the dysfunction of the basal ganglia. 
References: [1] Nagano-Saito et al, 2004. Cognitive- and motor-related regions in Parkinson's disease: FDOPA and 
FDG PET studies. [2] Nagano-Saito et al, 2016. Patterns of longitudinal neural activity linked to different cognitive 
profiles in Parkinson's disease. [3] Grayfallidis et al, 2015. Dipy, a library for the analysis of diffusion MRI data. [4] 
Côté et al, 2013. Tractometer: Toward validation of tractography pipelines. [5] Wassermann et al, 2016. The white 
matter query language: a novel approach for describing human white matter anatomy. 

1942 
Disrupted salience network dynamics in Parkinson´s disease patients with impulse control disorders 
I. Navalpotro-Gomez, J. Kim, P.M. Paz-Alonso, M. Delgado-Alvarado, A. Quiroga-Varela, H. Jimenez-Urbieta, M. 
Carreiras, A.P. Strafella, M.C. Rodriguez-Oroz (San Sebastian, Spain) 
Objective: Our aim was to investigate the changes in dynamic functional connectivity in the brain of such patients, 
as well as the topological properties. 
Background: Dynamic functional connectivity research in Parkinson´s disease (PD) suggests an abnormal global 
integration of the brain networks. Although dynamic analysis could help better understand the alterations to 
neurocognitive reward system in PD patients with impulse control disorders (ICD), there is no previous study in the 
field. 
Methods: Resting state functional magnetic resonance imaging was performed on 16 PD patients with ICD (PD-
ICD), 20 PD patients without ICD and 17 healthy controls, whose demographic, clinical and behavioral (especially 
impulsivity) scores were also assessed. A group spatial independent component analysis was applied, as well as a 
sliding windows approach and graph-theory analysis. 
Results: Dynamic functional connectivity analysis identified four connectivity configurations or states, the most 
frequent being a within-network state (State III) with stronger connections in the sensorimotor, visual and cognitive-
salience networks (Figure1). PD-ICD patients maintained State III for longer periods, which was positively 
correlated with their performance in clinical impulsivity and novelty seeking scales (Figure2). In this state, these 
patients also showed stronger connections and stronger local efficiency in areas of the salience network. 
Conclusions: The findings presented here suggest that local re-occurrence of the information in reward processing 
areas is maintained in PD-ICD patients, which is associated with impulsivity measures and personality traits. These 
data suggest a brain reorganization where reward-related regions acquire a prominent role, providing new insights 
into the role of dynamic analysis in the pathophysiology of these patients. 
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1943 
Preserved white matter microstructure in Parkinson’s disease patients with levodopa-induced dyskinesia: 
Evaluation by neurite orientation dispersion and density imaging (NODDI) 
T. Ogawa, T. Hatano, H. Takeshige, C. Andica, K. Kamagata, A. Saito, T. Koinuma, R. Nakamura, H. Iwamuro, G. 
Oyama, Y. Shimo, A. Umemura, M. Ito, S. Aoki, N. Hattori (Tokyo, Japan) 
Objective: Brain microstructure alteration using MRI in Parkinson's disease (PD) have not been well studied. We 
analysis the white matter alterations in Parkinson’s disease with levodopa induced dyskinesia (LID) using neurite 
orientation dispersion and density imaging (NODDI). 
Background: NODDI is an imaging method of MRI that applies a model for orientation dispersion index (ODI), 
intracellular volume fraction (ICVF) and isotropic volume fraction (ISO) to diffusion weighted image using the 2-
shell protocol [1]. Levodopa induced dyskinesia (LID) is known as the one of motor complications in advanced 
Parkinson’s disease (PD). LID might be associated with synaptic plasticity in cortico-striatal-thalamic loop due to 
induced chronic levodopa treatment. Previous studies reported enlargement of dendrite spine head or decreased 
spine density in caudate-putamen, nucleus accumbens and primary motor cortex in PD animal model [2]. 
Methods: We enrolled participants of healthy controls and clinically established PD with permission, and imaged 
using 3-tesla MR scanner. We excluded different diagnosed like multiple system atrophy, and cognitive impairment 
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participants (MMSE <24 points). MRI methods were taking diffusion tensor imaging (DTI), diffusion kurtosis 
imaging (DKI) and NODDI. 
Results: We analyses age and gender matched 23 controls, 27 PD patients without LID (without-LID) and 25 PD 
patients with LID (with-LID). In back ground of participants, with-LID and without-LID was not significant 
difference in age, gender, MDS-UPDRS part 1 and 3 score, but was significantly difference in disease duration and 
levodopa equivalent dose. MRI revealed higher in ICVF and ODI on NODDI were significant difference in with-
LID compared with without-LID. These parameters are not significant between controls and with-LID. 
Conclusions: PD with-LID patients were significant difference white matter structure compared with without-LID. 
Higher ICVF and ODI represent the higher axon and dendrite density or dispersion. These findings indicate that 
white matter microstructures might be more preserved in with-LID patients similar as healthy controls than without-
LID. 
References: [1] Zhang H, et al. Neuroimage. 2012 Jul 16;61(4):1000-1016. [2] Nishijima H, et al. Mov Disord. 
2018 Jul;33(6):877-888. 

1944 
Neuroradiological differences between patients with akinesia-dominant and tremor-dominant Parkinson's 
disease 
K.O. Ohta, T.N. Nakajima (Kashiwazaki, Japan) 
Objective: To compare the metabolism of the putamen and the cerebral cortex between the akinesia-dominant group 
and the tremor-dominant group of Parkinson's disease (PD) patients. 
Background: Cognitive dysfunction is more likely to occur in patients with rigid-akinetic PD than in tremor-
dominant PD patients. Furthermore, dopamine transporter (DAT) imaging has been reported as a biomarker of 
cognitive dysfunction in PD patients. 
Methods: We surveyed the data pertaining to cases with PD reported in our hospital in 2017. We determined the 
main symptom of the PD patients via inquiring the patients and their caregivers and their neurological findings. For 
the analysis of the DAT scan data, ROI setting, SBR (Specific Binding Ratio) evaluation, and QSPECT package 
were used. Blood flow in the cerebral cortex of both the groups was measured with 131I-IMP SPECT, which was 
compared using 2tZ software. 
Results: There were 125 patients with Parkinson's disease, among which 67 patients were taking DAT scan. Among 
the 38 PD patients who were selected, there were 26 tremor-dominant PD patients and 12 akinesia-dominant 
patients. There was no significant difference in the disease duration between the two groups. However, the incidence 
of cognitive dysfunction was slightly higher in the akinesia-dominant group. But it was no significant difference 
between the two groups. The akinesia-dominant group showed a significantly lower value of average SBR in DAT 
imaging than that of the tremor-dominant group (1.56 versus 2.38). In 131I-IMP SPECT, the akinesia group showed 
a decrease in blood flow around the pre-supplementary motor cortex compared to the tremor-dominant group. 
Conclusions: In the akinesia-dominant group, the decline in the putamen function was severer than that in the 
tremor-dominant group, as shown by DAP imaging. We believe that the decrease in blood flow in the pre-
supplementary motor cortex is related to the putamen condition that may vary between the tremor-dominant and the 
akinesia-dominant groups. This further suggests a difference in the range of dysfunction between the two groups, 
which may be related to the difference in progression of PD. 

1945 
Probing Error Signals of Postural Control in Fragile X Premutation carriers 
C. O'Keeffe, M. Carro Domínguez, E. O'Rourke, N. Feerick, T. Lynch, R. Reilly (Dublin, Ireland) 
Objective: This study aimed to characterize cortical theta activity in Fragile X Premutation carriers during 
continuous balance. 
Background: Fragile X Associated Tremor/Ataxia Syndrome (FXTAS) is a degenerative movement disorder 
characterized by tremor and balance impairments, affecting up to 40% of FMR1 premutation carriers over 50 

This article is protected by copyright. All rights reserved.



years[1]. While subtle changes in balance have been seen in younger carriers prior to a diagnosis of FXTAS, the 
neural mechanisms underlying these changes have not yet been explored. Research has linked increases in frontal 
and parietal theta spectral power with an error signal, caused by unstable balance [2,3]. This study investigated 
cortical theta activity during continuous balance and its relationship to balance performance in Fragile X 
premutation carriers. 
Methods: Four premutation carriers and 10 healthy controls stood on a forceplate with eyes open, closed (EO/EC) 
and while conducting two cognitive tasks (N-back and SART tasks). Postural Sway and high-density EEG data were 
simultaneously recorded to measure changes in theta power in response to balance task difficulty. Postural sway 
parameters included sway area, path length, and velocity, ROIs included frontal, fronto-medial, central, and parietal 
regions. 
Results: The carrier group’s path length and velocity were greater than the control groups’ during the N-back task 
(p=.05 and p=.02, respectively), and carriers fronto-medial theta power reduced significantly during the task. 
Fronto-medial theta activity was also reduced under EO and central theta activity during the SART task compared to 
controls’. Path length and velocity were strongly negatively correlated with theta power across all four ROI during 
EC condition (p<.05 for all), as well as frontal and fronto medial theta during the SART task, whereas the control 
group showed a moderate positive correlation between theta activity and sway area. 
Conclusions: The positive relationship between theta power and balance seen in the control group may indicate an 
increase in error detection caused by reduced visual input and greater discrepancies between expected and actual 
balance state. Negative relationships between theta power and stability in carriers may indicate reduced error 
detection and processing, resulting in an inability to compensate efficiently for challenges to stability. Such results 
provide new insight into the neural correlates of balance control in Fragile X premutation carriers. 
References: [1] P. J. Hagerman, "The fragile X prevalence paradox," Journal of medical genetics, vol. 45, pp. 498-
499, 2008. [2] A. L. Adkin, S. Quant, B. E. Maki, and W. E. McIlroy, "Cortical responses associated with 
predictable and unpredictable compensatory balance reactions," Experimental brain research, vol. 172, p. 85, 2006. 
[3] A. R. Sipp, J. T. Gwin, S. Makeig, and D. P. Ferris, "Loss of balance during balance beam walking elicits a 
multifocal theta band electrocortical response," Journal of Neurophysiology, vol. 110, pp. 2050-2060, 2013. 

1946 
Structural connectivity changes in G2019S-LRRK2 gene mutation carriers without manifest Parkinson’s 
disease 
G. Pagano, P. Vickers, J. Schulz, H. Wilson, M. Politis (London, United Kingdom) 
Objective: We hypothesised that abnormal sprouting of serotonergic terminals in the hypothalamus may lead to 
abnormal structural connectivity, which can be measured with diffusion tensor imaging (DTI). 
Background: In a previous study, Leucine-rich repeat kinase 2 (LRRK2) mutation carriers without manifest 
Parkinson’s disease (PD) showed increased serotonin transporter binding in the hypothalamus, possibly reflecting 
compensatory changes preceding the motor onset of PD. 
Methods: We acquired T1- and DTI-MRI data of 32 LRRK2 mutation carriers, 18 without manifest PD (LRRK2-
asymptomatic) and 14 with manifest PD (LRRK2-PD) to assess structural changes in grey (GM) and white matter 
(WM) in comparison with 36 healthy controls and 116 idiopathic PD patients. Voxel-based morphometry (VBM) 
was used to quantify GM changes and tract-based spatial statistics to quantify WM fractional anisotropy (FA) and 
mean diffusivity (MD). 
Results: LRRK2-asymptomatic carriers had greater non-motor burden (higher MDS-UPDRS Part-I, P<0.05) 
compared to healthy controls. LRRK2-asymptomatic showed increased WM FA in the hypothalamus (P<0.05) and 
reduced WM FA in the thalamus (P<0.05) and globus pallidus (P<0.0001) compared to healthy controls. No 
differences were found in other areas for GM, WM FA or WM MD. 
Conclusions: We found that LRRK2-asymptomatic carriers, a model of premotor PD, had abnormal sprouting of 
presynaptic terminals at DTI-MRI imaging in the hypothalamus, thalamus and globus pallidus. These imaging 
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changes might be the result of the pathological changes in the premotor stages of PD, however, further studies on 
prodromal PD may clarify this hypothesis. 

1947 
Mitochondrial Complex 1, Sigma 1 Receptor and Synaptic Vesicle protein 2A density in early de novo 
patients with Parkinson’s Disease: pilot PET data 
G. Pagano, H. Wilson, A. Mansur, S. Caminiti, R. Comley, H. Tsukada, R. Gunn, E. Rabiner, M. Politis (London, 
United Kingdom) 
Objective: In this study, we evaluated the density of Mitochondrial complex 1 (MC1), sigma 1 receptor (s1R) and 
Synaptic Vesicle protein 2A (SV2A) in early de novo Parkinson’s disease (PD). 
Background: MC1 and s1R are involved in the regulation of mitochondrial ATP production, and the SV2A is a 
molecular marker of the pre-synaptic terminals. 
Methods: Twelve early de novo Parkinson’s disease patients (10 males, 59.8±8.6 years old,  18.5±12.6 months 
since diagnosis) and 12 matched healthy controls (HC) underwent [18F]BCPP-EF, [11C]SA-4503, [11C]UCB-J 
PET, to quantify regional MC1, s1R and SV2A density respectively, using the total volume of distribution (VT) as 
the outcome parameter. Regions of interest (ROI) were defined on the individual T1 MRI using a standard atlas, 
except for the substantia nigra (SN), defined on a FGATIR MRI. 
Results: One PD subject was excluded from the [11C]UCB-J analysis (VT > 3 SD higher than the group mean for a 
number of ROI). In the remaining 11 PD subjects, [11C]UCB-J VT was significantly reduced in the SN (-9.5%, 
P=0.01) and the putamen (-8.8%, P<0.05), with reductions in the caudate (-12.7%, P=0.13) and the ventral striatum 
(-6.6%, P=0.17) not reaching significance.  ROI volume,  [18F]BCPP-EF and [11C]SA-4503 VT differences did not 
reach significance (SN -12.1%, P=0.08 for [18F]BCPP-EF). 
Conclusions: Our findings show evidence of reduced density of the SV2A in early de novo PD patients. 
Longitudinal studies will determine whether 18F]BCPP-EF, [11C]SA-4503 and [11C]UCB-J PET  are able to track 
disease progression. 

1948 
Comparison of PDE10A and DAT expression as markers of disease burden in early Parkinson’s disease 
G. Pagano, H. Wilson, T. Yousaf, F. Niccolini, N. Khan, D. Martino, R. Gunn, E. Rabiner, P. Piccini, T. Foltynie, 
M. Politis (London, United Kingdom) 
Objective: We aimed to compare loss of PDE10A and DAT expression in patients with Parkinson’s disease. 
Background: Recent work has shown loss of PDE10A expression in middle-stage and advanced treated patients 
with Parkinson’s disease, which was associated with motor symptom severity. 
Methods: Fifty-four subjects were included in this study (17 early de novo, 15 early levodopa-treated patients with 
Parkinson’s disease, and 22 controls). All participants underwent [11C]IMA107 PET, [11C]PE2I PET and 3-Tesla 
MRI scan. We also compared [11C]IMA107 binding in our early population with data from 24 moderate-advanced 
patients with Parkinson’s disease. 
Results: Early de novo Parkinson’s disease patients showed loss of [11C]IMA107 and of [11C]PE2I binding in 
caudate (P<0.001) and putamen (P<0.001). Compared with de novo, early levodopa-treated Parkinson’s disease 
patients showed additional [11C]IMA107 binding loss of 10.7% in the caudate (P<0.001; annual decline=3.6%) and 
8.4% in the putamen (P<0.001; annual decline=2.8%); whereas [11C]PE2I binding loss of 20.3% in the putamen 
(P<0.001; annual decline=6.8%). Moderate-advanced patients showed further loss of [11C]IMA107 binding in the 
pallidum compared to early de novo patients (P<0.001). Lower [11C]IMA107 binding correlated with lower 
[11C]PE2I binding in the caudate (rho=0.51;P<0.01) and putamen (rho=0.53;P<0.01). Longer disease duration 
correlated with lower [11C]IMA107 binding in the caudate (rho=-0.72; P<0.001) and putamen (rho=-0.48; P<0.01), 
and with lower [11C]PE2I binding only in the putamen (rho=-0.65;P<0.001). Higher burden of motor symptoms 
correlated with lower [11C]IMA107 binding in the caudate (rho=-0.42;P<0.05) and putamen (rho=-0.41;P<0.05), 
and with lower [11C]PE2I binding only in the putamen (rho=-0.69;P<0.001). 
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Conclusions: Our findings demonstrate loss of PDE10A expression very early in the course of Parkinson’s disease, 
which is comparable to DAT loss, and is associated with the gradual increase of motor symptom burden in different 
disease stages. 

1949 
Age-related failure in compensatory mechanisms and its relation to the Parkinson phenotype: evidence from 
a SPECT study in early and late-onset PD 
G. Palermo, D. Frosini, S. Giannoni, M. Giuntini, D. Volterrani, U. Bonuccelli, R. Ceravolo (Pisa, Italy) 
Objective: To investigate if a less prominent dopaminergic dysfunction on 123I-ioflupane SPECT imaging 
(DaTSCAN) despite a more severe motor phenotype in Late Onset Parkinson’s Disease (LOPD) than in Early-Onset 
PD (EOPD) reflects the failure of presynaptic compensatory mechanisms in LOPD subjects. 
Background: There are convincing data showing differences regarding clinical, genetic, and drug response between 
Early Onset Parkinson’s Disease (EOPD) and Late-Onset PD (LOPD). Younger PD subjects may have more 
efficient compensatory mechanisms. Down-regulation of presynaptic dopamine reuptake system is reportedly a 
possible compensatory mechanism in surviving nigral neurons. However, molecular imaging studies comparing 
Dopamine Transporter (DAT) density between EOPD and LOPD found controversial results since ageing is related 
to a physiological decline of DAT. 
Methods: To test whether the level of denervation in the striatum is different between EOPD (55 years or less) and 
LOPD (more than 70 years), we compared 76 de novo PD patients matched for disease duration (within 24 months 
at scanning time) with 92 healthy controls (HC). In particular, we compared LOPD and EOPD pts with their age-
matched HC and specific z-scores of putamen and caudate uptake in each PD subgroup was calculated. Our primary 
null hypothesis was that EOPD have a more pronounced DAT decrement than LOPD with respect to HC age-
matched. 
Results: As expected because of aging, LOPD had a greater dopaminergic dysfunction than EOPD. However by 
using z-scores, EOPD showed greater (p <0.0001) DAT reduction in the putamen with respect to LOPD. In contrast, 
the severity of motor impairment (UPDRS III) was greater in the LOPD subjects, although not significantly different 
between the two groups. 
Conclusions: Our study show higher 123-FP-CIT putaminal binding in LOPD than in EOPD patients when 
compared to the mean of the age-matched HC suggesting that the compensatory mechanisms in the dopaminergic 
system might be less effective in LOPD. Interestingly, the failure of such adaptive changes could account, at least in 
part, for the greater severity of parkinsonian symptoms in LOPD, in contrast with higher DAT density in EOPD 
patients which in turn could be responsible for a greater risk of motor complications. 

1950 
Structural imaging changes in hepatic and neurological Wilson disease 
A. Patel, K. Nalamada, A. Vives-Rodriguez, D. Robakis, T. Constable, J. Arora, M. Schilsky, S. Tinaz (New Haven, 
CT, USA) 
Objective: To quantitatively assess cerebral structural changes in Wilson disease (WD) subjects with hepatic and 
neurological phenotypes. 
Background: WD is a rare autosomal recessive disorder of copper metabolism leading to pathological copper 
accumulation in the liver and the brain. Conventional MRI commonly shows increased signal intensity of basal 
ganglia structures in T2 weighted images of WD subjects with neurological symptoms. Detailed analysis of cerebral 
imaging in subjects with hepatic phenotypes without neurologic findings due to WD have not been conducted. We 
utilized novel methods to determine if there were quantitative differences in the volume of cerebral structures in WD 
subjects with and without neurological injury. 
Methods: Subjects (n=30) with treated WD were recruited from the WD clinic at Yale. Those with hepatic 
encephalopathy or active complications of portal hypertension were excluded. Neurologic disease severity was 
assessed using the Unified Wilson’s Disease Rating Scale (UWDRS). Subjects with a UWDRS part III (motor) 
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score greater than 0 were assigned to the neurologic (WDN) group, while those with a score of 0 were assigned to 
the liver (WDL) group. Control subjects were age and gender-matched from a Yale imaging database. T1-weighted 
MPRAGE anatomical images were collected in a 3T scanner. Cortical and subcortical volumetric analysis was 
performed using the automated segmentation algorithm in the FreeSurfer software (1). Based on our a priori 
hypothesis, we focused on volumetric differences of the thalamus and basal ganglia (normalized by the total 
intracranial volume) between WDN, WDL, and control groups. 
Results: WDN (n=16) and WDL (n=14) subjects were studied, with similar demographics and total brain volume. 
[table1] WDN subjects showed statistically significant volume loss of the thalamus and basal ganglia compared to 
age-matched controls. WDL subjects showed no atrophy of these structures. [figure1] Both groups had similar total 
gray matter volume. Cerebral white matter and ventricle size was reduced in both WDN and WDL groups. 
Conclusions: Structural changes, namely atrophy of the thalamus and basal ganglia, can be quantified and are 
readily apparent in WDN patients. Purely hepatic phenotype WD subjects still demonstrate non-specific white 
matter loss and ventricular enlargement. These changes may be future areas of neuroimaging study in 
neurologically-intact WD patients. 
References: 1. Fischl, B., Salat, D.H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C., van der Kouwe, A., 
Killiany, R., Kennedy, D., Klaveness, S., Montillo, A., Makris, N., Rosen, B., Dale, A.M., 2002. Whole brain 

segmentation: automated 
labeling of neuroanatomical structures 
in the human brain. Neuron 33, 
341-355. 

 

 

1951 
Extrastriatal dopaminergic and serotonergic pathways in Parkinson’s disease and in dementia with Lewy 
bodies: a 123I-FP-CIT study 
A. Pilotto, F. SchianodiCola, E. Premi, R. Grasso, R. Turrone, S. Gipponi, A. Scalvini, E. Cottini, B. pagherà, V. 
Garibotto, M.C. Rizzetti, L. Bonanni, B. Borroni, S. Morbelli, F. Nobili, U.P. Guerra, D. Perani, A. Padovani 
(Brescia, Italy) 
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Objective: To evaluate the common and divergent dopaminergic and serotonergic impairment in Parkinson's 
disease and dementia with Lewy bodies using 123I-FP-CIT imaging. 
Background: Striatal dopaminergic pathways are impaired in both PD and DLB. The two conditions might presents 
with different extrastriatal dopaminergic and serotonergic impairment.  fifty-six PD patients without dementia, 41 
DLB patients and 54 controls entered the study. Each patient underwent a standardized neurological examination 
and 123I-FP-CIT SPECT. For each subject, bindings of nigrostriatal and extrastriatal regions of interest were 
calculated from spatially normalized images. The occipital-adjusted specific to non-displaceable binding (SBR) in 
the different regions was compared among PD, DLB and controls adjusting for the effect of age, sex, disease 
duration and serotonergic/dopaminergic treatment. 
Methods: Fifty-six PD patients without dementia, 41 DLB patients and 54 controls entered the study. Each patient 
underwent a standardized neurological examination and 123I-FP-CIT SPECT. For each subject, bindings of 
nigrostriatal and extrastriatal regions of interest were calculated from spatially normalized images. The occipital-
adjusted specific to non-displaceable binding (SBR) in the different regions was compared among PD, DLB and 
controls adjusting for the effect of age, sex, disease duration and serotonergic/dopaminergic treatment. A covariance 
analysis provided the correlates of local and long-distance regions with extrastriatal 123I-FP-CIT deficits. 
Results: Both PD and DLB patients showed lower 123I-FP-CIT SPECT SBR in several regions beyond the 
nigrostriatal system, especially the insula, cingulate and thalamus. DLB patients showed significant lower 123I-FP-
CIT SBR in thalamus compared to controls and PD patients. Thalamic and cingulate 123I-FP-CIT SBR deficits 
correlated, respectively, with limbic serotonergic and widespread cortical dopaminergic projections only in DLB 
patients while exhibited only local correlations in PD patients and controls. P 
Conclusions: PD and DLB share insular dopamine deficits, whereas impairment of thalamic serotonergic pathways 
was specifically associated with DLB. Longitudinal studies will be necessary in order to evaluate the clinical value 
of extrastriatal 123I-FP-CIT SPECT assessment. 

1952 
Different patterns of brain activity during lower limb movements in Parkinson’s disease patients with and 
without freezing of gait 
N. Piramide, E. Sarasso, E. Canu, S. Galantucci, A. Tettamanti, M.A. Volontè, M. Filippi, F. Agosta (Milan, Italy) 
Objective: To assess brain functional MRI (fMRI) activity during a feet movement task in Parkinson’s disease 
patients with (PD-FoG) and without freezing of gait (PD-noFoG) and healthy controls. 
Background: To date, few studies have investigated task-based fMRI alterations underlying gait difficulties in PD-
FoG patients, suggesting an abnormal interplay between motor, basal ganglia, pedunculopontine and cognitive 
control networks. However, the mechanisms underlying FoG pathophysiology are still debated. 
Methods: 10 PD-noFoG, 17 PD-FoG patients and 18 matched healthy controls were recruited. PD-FoG were 
divided into 9 with mild and 8 with moderate FoG according to the New FoG-Questionnaire (NFoG-Q). Patients 
underwent motor (Timed Up and Go test, 10-meters-walking test, UPDRSIII) and neuropsychological evaluations 
(executive-attentive, visuo-spatial and memory domains). Both patients and controls performed an fMRI task 
consisting of alternate dorsal/plantar feet flexion movements according to an auditory stimulus of 0.5 Hz. 
Results: PD-FoG and PD-noFoG patients were similar for all motor variables except for the presence of FoG. Only 
PD-FoG patients performed worse in executive-attentive, visuo-spatial and memory functions relative to healthy 
controls. fMRI results showed decreased activity in sensorimotor areas in PD-FoG and PD-noFoG patients relative 
to healthy controls. PD-noFoG patients showed an increased activation of frontal-striatal network while PD-FoG 
subjects had an increased parieto-occipital and cerebellar cortices recruitment compared to healthy subjects. PD-
FoG showed a decreased basal ganglia activity relative to PD-noFoG. Analysing PD-FoG subgroups, mild PD-FoG 
subjects revealed an increased fronto-parietal activation relative to moderate PD-FoG patients. 
Conclusions: All PD subjects showed a decrease recruitment of sensorimotor areas during feet movements relative 
to healthy controls. Despite this common feature, this study revealed the presence of two different patterns of brain 
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activity during feet movements in PD-FoG and PD-noFoG patients, suggesting a compensatory role of parieto-
occipital network to overcome the fronto-striatal failure in PD-FoG subjects. 

1953 
Dopaminergic imaging in patients with basal ganglia calcification presenting with parkinsonism 
A. Planas-Ballvé, N. Caballol, M. Balagué, E. Peral, L. Cano, X. Cardona, L. Vila, A. Ávila (Sant Joan Despí, 
Spain) 
Objective: To evaluate the integrity of the nigro-striatal system with single photon emission computed tomography 
imaging with dopamine transporter (DaTscan) in patients with basal ganglia calcification (BGC) presenting with 
parkinsonism. 
Background: BGC is reported in a variety of genetic, developmental, metabolic, infectious and other conditions. 
Parkinsonism is one of the most common movement disorders reported[1]; however, the underlying mechanism 
remains unclear. Studies of dopaminergic imaging in patients with BGC are scarce[2-3]. 
Methods: We describe six patients with BGC followed in our Movement Disorders Unit. They all underwent 
detailed clinical examination and laboratory tests including phospho-calcium metabolism. Genetic analysis of 
SLC20A2, PDGFRB and PDGFB genes by next generation-sequencing was performed in those with family history. 
Brain calcification was evaluated with the total calcification score [4] and dopaminergic integrity was evaluated 
qualitatively with visual assessment. 
Results: Demographic, clinical and neuroimaging characteristics are summarized in [table1]. Four patients had an 
asymmetric parkinsonism and two a bilateral postural upper limb tremor and mild bradykinesia. Three had a 
documented effective response to levodopa and one an unclear response. All had bilateral BGC except one that had 
strictly unilateral calcification. Other localizations included: dentate nuclei, subcortical white matter, cortex and 
midbrain. We identified one patient with Primary Familial Brain Calcification due to an heterozygous mutation 
c.370G>A in the SLC20A2 gene and coincident mutation c.4321C<G in the LRRK2 gene. All patients had an 
abnormal DaTscan: two with asymmetric bilateral abnormal uptake and four with unilateral abnormal uptake. 
Among the four patients with bilateral symmetric calcifications, all had an asymmetric abnormal uptake that 
correlated with the clinical symptoms. Moreover, the two patients with unilateral or markedly asymmetric 
calcification had unilateral abnormal uptake in the same side of the calcification. 
Conclusions: We observed a correlation between positive DaTscans and clinical findings in our patients with BGC. 
We don’t know whether or not the calcification of the basal ganglia might affect the dopaminergic function or there 
is co-occurrence of different diseases. Further studies comparing DaTscan findings in symptomatic and 
asymptomatic patients with BGC are needed. 
References: [1] Manyam BV. What is and what is not “Fahr’s disease”. Parkinsonism Relat Disord 2005;11:73-80. 
[2] Caranci G, Frillea F, Barbato F, Brunetti A, Tassinari T, Di Ruzza M, Lena F, Gandolfi B, Castellano AE, 
Bartolo M, Colonnese C, Modugno N, Ruggieri S, Manfredi M. Scintigraphic, neuroradiological and clinical 
comparison in two patients with primary sporadic and two with secondary Fahr’s disease. Neurol Sci. 2011;32:337-
341. [3] Koyama S, Sato H, Kobayashi R, Kwakatsu S, Kurimura M, Wada M, Kawanami T, Kato T. Clinical and 
radiological diversity in genetically confirmed primary familial brain calcification. Scientific Reports. 2017 [4] 
Nicolas G, Pottier C, Charbonnier C, et al. Phenotypic spectrum of probable and genetically-confirmed idiopathic 
basal ganglia calcification. Brain 2013; 136: 3395-3407. 
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1954 
Neuronal Network Underlying Speech Difficulties in Parkinson's Disease 
S. Polychronis, G. Pagano, V.C. Suarez Contreras, T. Yousaf, M. Politis (London, United Kingdom) 
Objective: We aimed to investigate whether speech difficulties are associated with changes in cortical thickness. 
Background: Speech difficulties are a common debilitating feature of Parkinson’s disease but is unclear which 
neuronal networks are involved. 
Methods: Using the Parkinson's Progression Markers Initiative database, 143 early de novo Parkinson’s disease 
patients with speech difficulties were identified and matched 1:1 for age, disease duration and motor symptom 
severity with 143 early de novo Parkinson’s disease patients without speech difficulties. Differences in cortical 
thickness between patients with and without speech difficulties were investigated. Speech difficulties were identified 
using the UPDRS PART 3, ITEM 3.1. Vertex-by-vertex whole brain estimates of cortical thickness were 
automatically calculated using FreeSurfer. Differences in cortical thickness were determined using a general linear 
model design. 
Results: Early de novo Parkinson’s disease patients with speech difficulties had significantly lower cortical 
thickness in the lingual (P=0.003) gyrus, compared to those without speech difficulties. Worse speech difficulties 
were correlated with lower cortical thickness in the lingual gyrus (r=0.479, P<0.05). 
Conclusions: Speech difficulties in early de novo Parkinson’s disease are associated with changes in cortical 
thickness in the lingual gyrus. This area plays an important role in identification and recognition of words as well as 
in semantic processing. Cortical thinning of the lingual gyrus might lead to speech difficulties in Parkinson’s 
disease. 
*This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference 

1955 
NEURONAL NETWORK UNDERLYING DYSPHAGIA IN PARKINSON’S DISEASE 
S. Polychronis, G. Pagano, V.C. Suarez Contreras, T. Yousaf, M. Politis (London, United Kingdom) 
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Objective: We aimed to investigate whether chewing and swallowing difficulties are associated with changes in 
cortical thickness. 
Background: Chewing and swallowing difficulties are a common debilitating feature of Parkinson’s disease but is 
unclear which neuronal network are involved. 
Methods: Using the Parkinson's Progression Markers Initiative database, 334 early de novo Parkinson’s disease 
patients with, and 50 early de novo patients without chewing and swallowing difficulties were identified. 
Differences in cortical thickness between patients with and without chewing and swallowing difficulties were 
investigated. Chewing and swallowing difficulties were identified using the SCOPA-AUT. Vertex-by-vertex whole 
brain estimates of cortical thickness were automatically calculated using FreeSurfer. Differences in cortical 
thickness were determined using a general linear model design. 
Results: Early de novo Parkinson’s disease patients with chewing and swallowing difficulties had significantly 
lower cortical thickness in the isthmus cingulate (P=0.005) gyrus compared to those without chewing and 
swallowing difficulties. Worse chewing and swallowing difficulties were correlated with lower cortical thickness the 
isthmus cingulate gyrus (r=0.651, P<0.05). 
Conclusions: Chewing and swallowing difficulties in early Parkinson’s disease are associated with changes in 
cortical thickness in the isthmus cingulate gyrus. This area is involved in the motor control of swallowing and motor 
recovery after stroke. The cortical thinning of this area might be critical for the development of dysphagia in 
Parkinson’s disease. 
*This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference 

1956 
Are there associations between altered brain connectivity and dopaminergic medication in Parkinson’s 
disease patients with freezing of gait? 
A. Potvin-Desrochers, A. Atri, C. Paquette (Montreal, QC, Canada) 
Objective: The purpose of this study is to assess how brain connectivity is altered in Parkinson’s disease (PD) 
patients with freezing of gait (FOG), and how PD dopaminergic medication influence these changes. 
Background: FOG is a common motor symptom in PD that may have debilitating consequences for patients such as 
falls, and this, even if PD dopaminergic medication is taken. Thus, it is paramount to understand how the presence 
of FOG alters neural control of locomotion, and how altered connectivity between brain areas contribute to FOG. 
Methods: 30 adults with Parkinson’s disease, 15 with FOG and 15 without FOG, have been recruited. All 
participants performed two resting-state functional magnetic resonance imaging scans, one ON- and one OFF-
medication (i.e. L-DOPA). A seed-based analysis has been used to identify regions across the entire brain whose 
activation is correlated with activation of the seeds (bilateral basal ganglia nuclei, the thalamus and the 
mesencephalic locomotor nuclei). A significant correlation between a seed region and a cluster of voxels indicates 
that those areas are functionally connected. Group differences have been determined using a mixed effect model, 
with the Gaussian random field theory to correction for multiple comparisons, and a cluster threshold and 
significance of, respectively, Z>2.3 and p<0.05. Medication state differences in functional connectivity will be 
determined using the same approach than for group differences. 
Results: Preliminary results show that, during ON-medication state, FOG is associated with increased connectivity 
between several subcortical regions (i.e. bilateral thalamus, bilateral globus pallidus external and left putamen) and 
visual areas. Specifically, in patients without FOG, these subcortical regions are anti-coupled with visual areas, 
whereas in patients with FOG, they are positively coupled. Results from the medication state differences analysis 
will be presented at the meeting. 
Conclusions: Our preliminary results highlight the possible involvement of altered visuospatial processing in the 
occurrence of FOG in the ON-medication state. Results of this study, which will be available for the congress, will 
improve our understanding of the relationship between FOG and dopaminergic medication by determining how 
brain connectivity changes related to FOG are modulated by L-DOPA. 
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1957 
Freezing of gait in Parkinson’s disease: a review of current neuroimaging evidence for the development of 
effective therapies 
A. Potvin-Desrochers, C. Paquette (Montreal, QC, Canada) 
Objective: The objective of this review is to summarize the results of brain imaging studies assessing freezing of 
gait (FOG) and to provide new ideas for the management of FOG. 
Background: FOG is a common motor symptom in Parkinson’s disease (PD) affecting up to 80% of adults in 
advanced PD [1]. In the last decades, studies have used several different brain imaging techniques and paradigms to 
explore the pathophysiology of FOG. Although the literature generally agrees that FOG is related to decreased 
activity in brainstem structures that organize gait due to an increased inhibitory drive from the basal ganglia [2], 
possible mechanisms leading to FOG have not been confirmed. Because FOG remains a mysterious motor symptom, 
there are few pharmacological, surgical and behavioural treatments options. In terms of rehabilitative interventions, 
there are currently no standardized approach for FOG. Thus, there is a clear need to better understand FOG 
pathophysiology in order to develop therapies specifically targeting FOG. 
Methods: The review was performed using Pubmed. To review neuroimaging literature in FOG, search terms 
included, among others,‘‘brain imaging’’, ‘‘magnetic resonance imaging’’, ‘‘positron emission tomography’’ and 
‘‘freezing of gait’’. 
Results: FOG seems to be associated with atrophy and altered activity in specific cognitive, limbic and sensorimotor 
areas thought to be involved in the different loops of the cortico-basal ganglia circuity. Brain connectivity also 
seems to be altered in FOG, especially within the visual, the frontoparietal and the sensorimotor networks. 
Conclusions: FOG seems to be related to dysfunctional processing in the cortico-basal ganglia circuity. By knowing 
the proper neural mechanisms of FOG, non-invasive brain stimulation interventions, such as rTMS, could modify 
cortical excitability of appropriate brain areas. Combined with a gait and stability training, such rTMS interventions 
may have the potential to improve FOG. 
References: [1] Tan, D. M., McGinley, J. L., Danoudis, M. E., Iansek, R., & Morris, M. E. (2011). Freezing of gait 
and activity limitations in people with Parkinson’s disease. Arch Phys Med Rehabil, 92(7), 1159–1165. 
doi:10.1016/j.apmr.2011.02.003 [2] Lewis, S. J., & Shine, J. M. (2016). The Next Step: A Common Neural 
Mechanism for Freezing of Gait. The Neuroscientist, 22(1), 72–82. 

1958 
Progression of dopaminergic and serotonergic dysfunction related to motor and nonmotor manifestations in 
apathetic and non-apathetic parkinsonian patients: a 4-year longitudinal double-tracer PET study 
S. Prange, E. Metereau, H. Klinger, E. Schmitt, E. Lhommée, A. Bichon, D. Le Bars, A. Maillet, P. Pellissier, S. 
Meoni, E. Broussolle, A. Castrioto, P. Krack, S. Thobois (Bron, France) 
Objective: To investigate the progression of dopaminergic and serotonergic dysfunction and their relation to motor 
and nonmotor impairment in parkinsonian patients with or without apathy, depression and anxiety 
Background: De novo parkinsonian patients with apathy, depression and anxiety exhibit profound serotonergic 
dysfunction and microstructural disarray in the limbic system in comparison to non-apathetic patients, which 
supports distinct lesion profiles early in the disease although their progression is unknown. 
Methods: Fifteen apathetic (Lille Apathy Rating Scale (LARS) scores ≥ -21) and 15 non-apathetic parkinsonian 
patients were recruited at diagnosis and re-evaluated 3 to 5 years later in a two-group cohort study. In vivo PET 
imaging of the dopamine transporter (DAT) using [11C]-PE2I and the serotonin transporter (SERT) using [11C]-
DASB was performed at baseline and repeated at follow-up. Longitudinal progression was assessed using linear 
mixed-effect models for clinical impairment and permutation-based inference for PET imaging. 
Results: Eleven patients with apathy (PD-A) and 11 patients without apathy at diagnosis (PD-NA) completed the 
follow-up evaluation at median (IQR) 4.3 (0.6) years after diagnosis. Apathy, depression, anxiety and fatigue 
improved in PD-A patients over time, whereas these symptoms worsened in PD-NA patients (p<0.001). Besides 
neuropsychiatric symptoms, motor and other nonmotor (including somatic and sleep disorders) manifestations got 
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worse as well as motor and nonmotor fluctuations in both groups. Striatal dopaminergic binding decreased 
bilaterally in both groups in the posterior and anterior putamen and caudate nucleus, and in the ventral tegmental 
area. Serotonin binding also decreased in both groups in the bilateral anterior putamen, medial thalamus, insula, 
right globus pallidus, left pulvinar, left subcallosal gyrus and bilateral dorsal raphe nucleus and ventral tegmental 
area, resulting in increased serotonin to dopamine transporters ratio in the posterior putamen bilaterally. 
Conclusions: De novo parkinsonian patients with and without prominent apathy, depression and anxiety at 
diagnosis have distinct progression of neuropsychiatric burden over time and exhibit profound progression of striatal 
dopaminergic and limbic serotonergic dysfunction 3 to 5 years after diagnosis. 

1959 
Visual subnetwork dysfunction in Parkinson’s patients with primary visual hallucinations 
S. Rane, A. Lenka, S. Prasad, J. Saini, M. Ingalhalikar, P. Pal (Seatle, WA, USA) 
Objective: To evaluate impairments in the visual subnetwork in Parkinson’s disease (PD) patients with psychosis 
using BOLD fMRI 
Background: Psychosis occurs in 20-70% of patients with PD and is commonly associated with exposure to 
dopamine agonists. Very few imaging studies have explored the basis for psychosis in PD and have usually included 
small sample sizes. In this work, we apply BOLD fMRI and a graph theory approach in a large cohort of age and 
gender-matched healthy controls (HC), PD patients without psychosis (PDNP), and PD patients with psychosis i.e. 
visual hallucinations (PDP). 
Methods: Forty-five HC (age=55.6±4.9 years, and levodopa daily dose, LEDD, = 0), 51 PDNP 
(age=57.9±7.0 years, LEDD= 569± 232 mg/d) and 47 PDP subjects (age=58.5± 8.2 years, LEDD= 678±300 mg/d) 
were assessed. In addition to the T1 data, fMRI BOLD acquisition parameters were: in-plane resolution = 1.65 mm , 
matrix size = 144 x 144, slices = 45, thickness = 3 mm, TR/TE = 2000/35 ms, 140 dynamics. All analysis was 
performed using Conn v18. Regions of the visual network were identified from Tunc et al. Local efficiency and 
clustering coefficient were calculated and compared per group at a cost = 0.15. All group comparisons were adjusted 
for age, gender, and LEDD. Significance at p < 0.05 was used on a two-sided t-test. 
Results: Local efficiency of the visual network was significantly different between HC 
and PDNP (p = 0.01) (Figure 1A). The calcarine region (left) had significantly lower clustering coefficient in the 
PDNP group (0.74±0.20) compared to the HC group (0.83±0.17, p = 0.0005). There was no significant difference 
between the visual subnetwork in the PDNP and PDP groups. There was a significant difference between the HC 
and PDP group (p = 0.03) with lower clustering coefficients in the PDP group in multiple regions compared to HC 
(Figure 1B). The clustering coefficients in the left and right calcarine regions, left fusiform gyrus, left lingual gyrus, 
and left inferior temporal regions in the HC group were 0.83±0.17, 0.82±0.17, 0.69±0.21, 0.67±0.16, and 0.43±0.36. 
These values in the PDP group were 0.74±0.19, 0.71±0.17, 0.66±0.22, 0.64±0.23, and 0.39±0.32 respectively. 
Conclusions: PD patients with psychosis have significantly altered connectivity in the visual subnetwork especially 
in the fusiform, lingual, and inferior temporal regions. 
References: 1. Tunç, Birkan, et al. Philosophical Transactions of the Royal Society B: Biological Sciences 
371.1688 (2016): 20150111. 2. Whitfield-Gabrieli, Susan, and Alfonso Nieto-Castanon. Brain connectivity 2.3 
(2012): 125-141. 
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1960 
Correlating subcortical structure and function in idiopathic Parkinson’s disease: A cross-sectional 
morphometric and [18F]-DOPA PET study 
M. Rolinski, V. Sossi, A. Stoessl, C. Marshall, S. Gill, P. Clatworthy, A. Whone (Bristol, United Kingdom) 
Objective: To investigate whether the local geometric changes in the subcortical structures of patients with 
idiopathic Parkinson’s disease correlate with dopaminergic terminal functional integrity within the striatum. 
Background: Parkinson’s disease (PD) is characterised by the loss of dopaminergic neurons in the substantia nigra 
pars compacts leading to dopamine depletion in the striatum. With better means of diagnosing and tracking the 
disease required to improve patient care, a number of recent studies have explored the utility of vertex-based shape 
analysis and local geometric changes in subcortical structures to differentiate patients with PD from healthy 
controls. However, the relationship between dopamine depletion and these shape changes is not known. 
Methods: 35 subjects with moderate-stage PD underwent high-resolution structural MR imaging under general 
anaesthesia to minimise movement artefact. Dopamine depletion in the presynaptic terminals was assessed using 
[18F]-DOPA PET. Vertex-based shaped analysis of the putamen, caudate and pallidum was performed using the 
FMRIB software library and correlated with [18F]-DOPA uptake. 
Results: Our analysis revealed a correlation between structure and function within the basal ganglia, with regional 
shape changes in the putamen and pallidum positively correlated with radio-tracer uptake in the caudate. This 
pattern was more widely seen on the less-affected side, when compared to the more affected side, suggesting a 
possible floor-effect in the [18F]-DOPA measurement. 
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Conclusions: This works supports evidence of dopamine-dependent remodelling in subcortical structures and 
fosters the potential of voxel-based shape analysis as an imaging biomarker in PD.
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1961 
Could we optimize the stimulation parameters setting of directional leads with a patient-specific imaging 
software in implanted parkinsonian patients? 
A.S. Rolland, N. Carriere, G. Touzet, L. Defebvre, N. Reyns, D. Devos, C. Moreau (Lille Cedex, France) 
Objective: Deep brain stimulation in the subthalamic nucleus (STN) is routinely proposed to parkinsonian patients. 
Introduction of directional leads offer more flexibility for programming but may also increase the complexity and 
duration of the procedure. Here we assess whether Guide XT, a new patient-specific imaging software, is helpful to 
refine stimulation parameters and to simplify the time consuming programming process 
Background: Clinical examination of the stimulation effect for each contact is the empirical method to set up 
stimulation parameters. Guide XT models the volume of activated tissue and provides semi-automatic lead 
localization and segmentation of deep brain structures in order to visualize leads position anatomical structures 
relative to putative stimulation fields. 
Methods: We evaluated all parkinsonian patients who were implanted with bilateral directional leads in the STN. 
After the surgery, patients were programmed and followed by the neurological team while blinded from anatomical 
data. All parameters were reviewed (ring or directional mode) and optimized based on standard clinical evaluation. 
One year after surgery, Guide XT was used to analyze imaging data by the neurosurgical team to choose the best 
stimulation configuration and parameters blinded from clinical data. Clinically determined parameters were then 
compared to imaging-based parameters. 
Results: Sixteen patients were included in the study (11 males, 5 females, 59.1 ± 5.5 years old, disease duration 12.3 
± 7.4 years). The stimulation depth was similar between imaging and clinical settings in 75% of cases. Stimulation 
direction was similar between imaging and clinical settings in 18.75% of cases. Ring mode was selected in 62.5% 
with the clinical procedure and in 25% with the imaging procedure. 
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Conclusions: Predicted depth of stimulation using imaging data and empirically determined stimulation using 
clinical effects showed good concordance. Clinician used mainly ring mode stimulation despite imaging data 
suggesting a potentially better stimulation configuration using directional mode, possibly due to the complexity of 
the clinical evaluation. Imaging-guided parameters settings refined with clinical evaluation could therefore help to 
optimize parameters and limit non-motor side effects and need to be further evaluated 

1962 
In vivo increased striatal iron deposition in Parkinson’s Disease Dementia and Dementia with Lewy Body 
S. Rota, T. Yousaf, H. Wilson, G. Dervenoulas, G. Pagano, D. Aarsland, M. Politis (London, United Kingdom) 
Objective: To evaluate iron deposition with susceptibility weighted imaging (SWI) MRI in the basal ganglia of 
patients affected by Parkinson’s Disease Dementia (PDD) and Dementia with Lewy Bodies (DLB) compared to 
patients with idiopathic Parkinson’s disease (iPD) and healthy controls. 
Background: Patients with PD have demonstrated increased iron deposition in the basal ganglia at post-mortem, 
which is linked to neurodegeneration and alpha-synuclein aggregation. In vivo imaging of alpha-synuclein 
pathology is currently unavailable, but iron concentration can be measured with SWI MRI. We hypothesize that iron 
concentrations, as measured by SWI, will be increased in patients with PDD and DLB compared to iPD and healthy 
controls. 
Methods: We enrolled 11 PDD/DLB patients (5 PDD and 6 DLB), 11 iPD patients, matched for disease duration 
with the PDD/DLB patients, and 22 age- and gender-matched healthy controls. 
Results: PDD/DLB patients demonstrated increased iron deposition in caudate nucleus and putamen compared to 
iPD patients (caudate: P=0.014, putamen: P=0.015) and compared to healthy controls (caudate: P=0.017, putamen: 
P=0.036). A trend of increase in striatal iron deposition has been found between iPD and healthy controls (+9%) and 
between DLB and PDD patients (+5%). 
Conclusions: Our findings demonstrate that SWI iron can be used as a marker of basal ganglia pathology in alpha-
synuclein disease and that PDD and DLB patients have a higher burden of striatal pathology compared to PD 
patients and healthy controls. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 
 
 

1963 
Potential involvement of the caudate nucleus in GBA-associated Parkinson’s disease 
M.C. Ruppert, A. Greuel, M. Tahmasian, F. Maier, T. van Eimeren, K. Lohmann, L. Timmermann, M. Tittgemeyer, 
A. Drzezga, C. Eggers (Marburg, Germany) 
Objective: Multimodal functional assessment of striatocortical loop integrity in Parkinson’s Disease (PD) patients 
with and without GBA variants 
Background: Biallelic GBA mutations provoke the lysosomal storage disorder Gaucher Disease (GD)[1], while 
heterozygous mutations and several variants that do not necessarily cause GD are associated with an increased risk 
for PD[6]. The variants p.E365K and p.T408M are present in 1-2% of healthy individuals and are associated with an 
increased risk of PD [4]. In GBA-associated PD, earlier disease onset, faster disease progression and greater 
cognitive decline have been reported [4,5], and a stronger involvement of the cognitive-associative striatocortical 
loop has been suspected in GBA-associated PD[3]. 
Methods: In the present study, 37 PD patients, of whom seven carried a GBA variant were analyzed with respect to 
dopaminergic activity within the striatum, functional striatocortical connectivity and cognitive impairment. Patients 
underwent 18F-Dopa positron emission tomography (18F-Dopa PET), resting state fMRI acquisition as well as 
neuropsychological assessment. Striatal dopamine synthesis capacity was assessed by dopamine influx rate 
constants (Ki). Functional connectivity was analyzed by seed-to-voxel analysis. 
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Results: All variant carriers were heterozygous, 5 of them for p.E365K and the other 2 for p.T408M. Although 
cognitive assessment revealed no significant differences in performance between GBA variant carriers and 
noncarriers, we observed a trend towards a higher cognitive impairment in GBA variant carriers. Significantly 
reduced Ki-values were observed in the left caudate nucleus among PD patients with vs. without a GBA variant 
(p<0.05) [figure1]. Additionally, seed-to-voxel functional connectivity analysis revealed a significantly reduced 
functional connectivity between the left and right caudate seed regions of interest and the bilateral occipital cortex. 
Conclusions: The present multimodal findings indicate greater dopaminergic deficits in the caudate in GBA-
associated PD, possibly due to degeneration of more medially localized nigral neurons[3]. Concomitant functional 
dysconnectivity between the bilateral caudate nucleus and the occipital cortex may reflect correlates of greater 
impairment of certain striatocortical loops in GBA carriers and may be explanatory for a stronger cognitive 
impairment in GBA-associated PD [3]. 
References: [1] Grabowski, Gregory A. (2008): Phenotype, diagnosis, and treatment of Gaucher's disease. In The 
Lancet 372 (9645), pp. 1263–1271. DOI: 10.1016/S0140-6736(08)61522-6. [2] Mallett, Victoria; Ross, Jay P.; 
Alcalay, Roy N.; Ambalavanan, Amirthagowri; Sidransky, Ellen; Dion, Patrick A. et al. (2016): GBA p.T369M 
substitution in Parkinson disease: Polymorphism or association? A meta-analysis. In Neurology. Genetics 2 (5), 
e104. DOI: 10.1212/ NXG.0000000000000104. [3] Goker-Alpan, Ozlem; Masdeu, Joseph C.; Kohn, Philip D.; 
Ianni, Angela; Lopez, Grisel; Groden, Catherine et al. (2012): The neurobiology of glucocerebrosidase-associated 
parkinsonism: a positron emission tomography study of dopamine synthesis and regional cerebral blood flow. In 
Brain : a journal of neurology 135 (Pt 8), pp. 2440–2448. DOI: 10.1093/brain/aws174. [4] Liu, Ganqiang; Boot, 
Brendon; Locascio, Joseph J.; Jansen, Iris E.; Winder-Rhodes, Sophie; Eberly, Shirley et al. (2016): Specifically 
neuropathic Gaucher's mutations accelerate cognitive decline in Parkinson's. In Annals of neurology 80 (5), pp. 674–
685. DOI: 10.1002/ana.24781. [5] Crosiers, David; Verstraeten, Aline; Wauters, Eline; Engelborghs, Sebastiaan; 
Peeters, Karin; Mattheijssens, Maria et al. (2016): Mutations in glucocerebrosidase are a major genetic risk factor 
for Parkinson's disease and increase susceptibility to dementia in a Flanders-Belgian cohort. In Neuroscience letters 
629, pp. 160–164. DOI: 10.1016/j.neulet.2016.07.008. [6] Schapira, Anthony H. V. (2015): Glucocerebrosidase and 
Parkinson disease: Recent advances. In Molecular and cellular neurosciences 66 (Pt A), pp. 37–42. DOI: 
10.1016/j.mcn.2015.03.013. 

This article is protected by copyright. All rights reserved.



 

1964 
Micro structural Changes in Substantia Nigra are associated with Severity of Parkinson’s Disease 
A. Safai, S. Rane, S. Prasad, J. Saini, P. Pal, M. Ingalhalikar (Pune, India) 
Objective: The aim of this study was to apply diffusion tensor imaging (DTI) to evaluate atrophy of the Substantia 
Nigra pars compacta (SNc), the pathological hallmark of Parkinson’s disease (PD), as a marker of disease severity. 
Background: Significant variability exists in the reported DTI metrics of the SNc in PD due to variability in SNc 
localization and segmentation techniques. An accurate and standardised delineation of the SNc will improve 
accuracy and hence the potential of DTI metrics as a biomarker of PD severity. 
Methods: DTI images of 86 healthy controls (HC) and 158 denovo PD patients were used from the PPMI 
database. A probabilistic atlas of SNc was created using different set of 27 controls, scanned on a 3T Philips 
Achieva scanner. A neuromelanin sensitive MRI (NM-MRI) was acquired using TR/TE: 26/2.2ms, FOV: 
180x180x50mm, voxel size: 0.9x0.9x1mm, 50 slices, along with a T1w image. SNc atlas was constructed in MNI 
space as shown in [Figure1]. DTI images were noise filtered, corrected for eddy currents and head motion and were 
skull stripped. DTI maps of fractional anisotropy (FA), axial, mean and radial diffusivity (AD,MD,RD) were 
computed using ‘dtifit’ from FSL5.0.9. and were registered to MNI spaced FMRIB58 image. Diffusion measures of 
SN were extracted by thresholding atlas at 0.5 probability. MANCOVA model was applied on diffusion measures of 
HC and PD groups using age and gender as covariates. Pearson correlation was done between FA,AD,MD,RD and 
clinical scores (UPDRS III (Off), H&Y) of all age and gender corrected PD patients. An independent t-test was done 
between diffusion measures of HC and PD patients with a UPDRS score>50 percentile (PDhigh) to assess the micro 
structural changes occurring with disease severity. 
Results: Detailed demographic information of all subjects is shown in [Table1]. No significant differences in 
diffusion measures were seen between HC and PD. Only UPDRS scores showed a significant positive correlation 
with AD, MD and RD of right SNc as shown in [Figure2]. The AD (p=0.026) and MD (p=0.059) of right SNc was 
found to be significantly higher in PDhigh as compared to HC group. 
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Conclusions: High AD, MD and RD was associated with higher disease severity in PD, indicating abnormal axonal 
density and an increase in demyelination of SNc. Our findings strongly suggest that AD, MD and RD could be used 
as potential biomarkers for evaluating severity and disease progression in PD. 
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1965 
Dual-task in Parkinson’s disease: a gait analysis and functional MRI study 
E. Sarasso, A. Gardoni, S. Galantucci, A. Tettamanti, M.A. Volontè, M. Filippi, F. Agosta (Milan, Italy) 
Objective: To study gait parameters and functional MRI (fMRI) patterns performing dual-task in Parkinson’s 
disease patients with postural instability and gait disorders phenotype (PD-PIGD) and to assess correlations between 
brain functional activity and gait during dual-task. 
Background: Previous studies suggested that PD patients need to hyper-activate brain cognitive networks to control 
movement. Thus dual-task performance is usually difficult for PD patients, resulting in increased gait difficulties 
and postural instability. 
Methods: Twenty PD-PIGD patients performed Timed-Up-and-Go (TUG) test, TUG with motor (TUG-MOT) and 
cognitive (TUG-COG) dual-tasks. TUG-MOT consisted of TUG while holding a glass full of water and TUG-COG 
consisted of TUG while counting backwards by threes from 100. A six cameras SMART-DX7000 optoelectronic 
system was used to obtain peak and mean velocity during the turning phase. Patients performed also two fMRI 
tasks: i) motor-task (foot anti-phase movements); ii) dual-task (foot anti-phase movements while counting 
backwards by threes starting from 100). 
Results: PD-PIGD patients showed increased total time of execution and slower turns during TUG-MOT and TUG-
COG relative to simple TUG. During fMRI dual-task relative to motor-task, patients showed increased activation of 
the fronto-temporo-parietal regions and decreased activity of the sensorimotor areas. Correlation analysis showed 
that: i) better TUG performance correlated with increased recruitment of the cortical/cerebellar motor areas, the 
fronto-striatal circuit and the occipital lobe during the motor-task; ii) better TUG-MOT/TUG-COG performance 
correlated with increased activity of motor areas and decreased recruitment of superior/middle frontal and temporal 
gyri, superior/inferior parietal gyri, occipital areas and right pallidum during the dual-task. 
Conclusions: Dual-task resulted in a slower gait performance particularly during turning, a challenging situation in 
PD-PIGD patients. This pattern might reflect an increased dynamic postural instability when high cognitive load is 
requested. FMRI results suggest that an optimized recruitment of motor and cognitive networks is associated with a 
better dual-task performance. 

1966 
Genotype influences circuit compensation in Parkinson’s disease 
K. Schindlbeck, A. Vo, N. Nguyen, C. Tang, M. Niethammer, V. Dhawan, V. Brandt, R. Saunders-Pullman, S. 
Bressman, D. Eidelberg (Manhasset, NY, USA) 
Objective: This study investigates differences in brain network organization in patients with Parkinson’s disease 
(PD) with genetic risk factors relative to sporadic PD patients and healthy control subjects (HC). 
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Background: PD patients with genetic risk factors have been clinically indistinguishable from sporadic cases, 
although the two most common genetic risk factors (LRRK2 G2019S and GBA) seem to produce a more aggressive 
or benign disease course, respectively. It is not known whether patients carrying mutations in these genes exhibit 
network-level abnormalities similar or different to those seen in sPD. 
Methods: 54 genotyped subjects (14 PD-LRRK2, 12 PD-GBA, 14 sPD, 14 HC) were closely matched for symptom 
duration and severity, as well as demographics. Using graph theory and metabolic brain imaging with [18F]-FDG-
PET, we evaluated compensatory responses at the network level. Disease-related brain networks were studied with 
spatial covariance mapping [1]. Graph theory was employed to assess differences in nodal organization within the 
PD-related pattern (PDRP). We used a modularity maximization algorithm [2] to partition the PDRP space into a 
metabolically active core community (Module A) and an underactive peripheral community (Module B). We then 
used connectivity measurements in HC to assess  gain and loss of connections within and between PDRP 
communities in each group. 
Results: PDRP expression levels were abnormally elevated in genotypic and sPD; we found no evidence for 
specific genotype-related networks (Fig.1A). The gain-to-loss ratio in the PDRP space, a measure of network-level 
functional compensation was significantly increased in PD-LRRK2 and PD-GBA relative to sPD (Fig.1B). In PD-
LRRK2, a large portion of the gained connections linked active core nodes in Module A, such as those between the 
cerebellum, thalamus, and putamen. Functional compensation was lower in PD-GBA relative to PD-LRRK2, but 
higher than sPD, with gain in connections between the underactive peripheral nodes in Module B(Fig.2). 
Conclusions: Genotype-specific alterations in functional connectivity were present in PD-LRRK2 and PD-GBA but 
not in sPD and HC. The changes in PD-LRRK2 reflect efficient network-level compensatory responses involving 
the PDRP core, particularly cerebello-thalamo-striatal pathways. The changes in the more aggressive PD-GBA 
genotype, involved increased cortico-cortical connectivity at the network periphery - a less efficient form of 
compensation. 
References: 1. Spetsieris PPG, Eidelberg D. Scaled subprofile modeling of resting state imaging data in Parkinson’s 
disease: Methodological issues. Neuroimage. 2011;54(4):2899–914. 2. Newman MEJ. Modularity and community 
structure in networks. PNAS. 2006;103(23):8577–82. 
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1967 
Sleep Disturbances in Essential Tremor: A pilot investigation of the related brain microstructural changes 
using diffusion tensor imaging 
Y. Sengul, H. Otcu, I. Ustun, H. Sengul, A. Alkan (Istanbul, Turkey) 
Objective: In this pilot exploratory study, we aimed to search possible related brain microstructural changes of sleep 
disturbances (SD) in essential tremor  (ET) patients. 
Background: ET is complex, neurodegenerative, family of disorder which includes many motor and non motor 
symptoms. SD have defined as non motor symptom of ET. But underlying neuropathology of SD is still unknown. 
Methods: 33 ET patients were recruited for the study. Consensus Statement on the classification of tremors from the 
task force on tremor of the International Parkinson and Movement Disorder Society (2018) ET criteria were applied. 
Fahn Tolosa Marin tremor rating scale (FTM-TRS) was used to evaluate the severity of the disease. SD was 
evaluated by Pittsburg sleep quality index (PSQI).A total score of ≥ 5 indicates a ‘poor’ sleeper.  Microstructural 
brain changes were evaluated using diffusion tensor imaging (DTI), which was reported using fractional anisotropy 
(FA), mean diffusivity (MD), apparent diffusion coefficient (ADC), radial diffusivity (RD), and axial diffusivity 
(AD) values. DTI findings were compared between patients reporting SD and patients not reporting SD using 
independent sample t-tests (Mann-Whitney U tests were used for non normally distributed samples). Due to the 
exploratory nature of these analyses, between group differences were considered to be significant at p ≤ 0.05 
(uncorrected). 
Results: The mean age was 52.15 ± 19.12 years, there were 10 (30.3%) men and 23 (69.7%) women in our study 
group. The mean duration of tremor was12.14 ± 9.64 years. The mean PSQI score was 5.76 ± 4.04. According to 
PSQI scores,13 patients had SD. The mean score of patients reporting SD was 9.77 ± 3.47 vs. the mean score of 
patients not reporting SD 3.15 ± 1.31. Right red nucleus FA (p = 0.02), AD (p<0.01) and right superior cerebellar 
peduncle ADC (p= 0.04), AD (p<0.01), MD (p= 0.04) values were differed between groups. 
Conclusions: In our study we found microstructural changes of superior cerebellar peduncle and red nucleus in 
patient with SD. Superior cerebellar (from the dentate and interposed nuclei) projections enter the red nucleus. 
Participation of the cerebellum in the regulation of the sleep-wakefulness cycle through the superior cerebellar 
peduncle has long been known. This was a pilot study and more research must be done to support these evidence. 
 
 

1968 
Functional connectivity within the cerebellum and brainstem in essential tremor patients– a tailored resting 
state fMRI approach 
S. Sharifi, E.S. Scheijbeler, W. Potters, F. Rootselaar (Amsterdam, Netherlands) 
Objective: To better understand the pathophysiology of essential tremor (ET) by analysing brainstem and cerebellar 
neuronal circuitry activity with tailored fMRI resting state methods. 
Background: ET is a highly prevalent movement disorder with a largely unknown pathophysiology. Because 
tremor and movement co-occur, the tremor related neuronal activity is intermingled with motor network activity and 
hampers task-based identification. Literature suggests changes in functional connectivity patterns of the ‘default’ or 
resting state network in tremor disorders. However, to investigate functional connectivity in pivotal areas relevant 
for tremor (cerebellum, brainstem), novel fMRI methods are needed. 
Methods: Fifteen ET patients with bilateral postural arm tremor were, off medication, compared to fourteen healthy 
controls. Resting state fMRI was acquired during eight minutes. We applied a standard normalization technique for 
the cortical and subcortical regions (FSL), as well as a specific normalization technique (SUIT) for the cerebellum, 
including a correction for the dentate nucleus position as derived from susceptibility-weighted MR imaging. For 
accurate brainstem signals, a masked independent component analysis (ICA) is applied which reduces physiological 
noise (CSF and arterial blood flow) in this area. Group analyses are derived from second-level analyses for the 
different regions of interest (seed-based connectivity) and ICA separately. 
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Results: Application of tailored techniques allowed to specifically investigate the cerebellar and brain area default 
network in tremor, while minimizing (physiological) noise. Preliminary results show different functional 
connectivity networks in the brainstem-cerebellar region between groups. Final group results will be shown at the 
convention. 
Conclusions: Our findings show accurate identification of resting state activity in cerebellum and brainstem. By 
using tailored techniques focusing on cerebellum and brainstem we are able to reveal specific tremor network 
activations. 

1969 
Ponto-cortical aberrations:Neural correlations for Hypomimia in PD 
P. singru, V. Vadiyala, E. Ganesh, V. Vinodhanand (Georgetown, Guyana) 
Objective: We team neuron, focused on analyzing progressive degeneration of neural structural connectivity of the 
tract from Brodmann area 4, part precentral gyrus to facial motor nuclei which is responsible for stimulation of 
facial muscle movement. 
Background: Parkinson disease (PD) is a movement disorder with classic motor signs consisting of bradykinesia, 
rigidity and tremor. Loss of asymmetrical facial expression and facial emotional response that is “Hemi hypomimia” 
comes as manifestation of bradykinesia. Hemi hypomimia is rare sign in early stage of PD. The motor symptoms of 
PD are mostly due to progressive degeneration of dopaminergic neurons. Asymmetric motor symptoms are linked to 
long term disease progression. 
Methods: Our study aimed on identification and comparison of existence of the tract in terms of number and 
volume of fibers in control, PD and progressive stages of PD with 120 DTI data sets (age range- 20 to 80 yrs) by 
Diffusion Imaging Tractography. 
Results: Results exhibit rigid detoriation of the tract in females than males. Approximately 90% of the tract 
is detoriated in first two years of PD in females. The results obtained are symmetrical with equal levels 
of detoriation on both right and left hemispheric tract. 
Conclusions: In males neurostructural connectivity related to Hypomimia is not noticeably effected but females 
show the detoriation in the early stages correlating with the clinical research. Aberrations are symmetrical which 
does not coincide with the clinical symptoms such as hemihypomimia. 
References: [1] D.Crosiers, E.Marechal, Y.Van Ael, P.Cras;Left-sided hemihypomimia in Parkinson’s disease,Acta 
Neurol. Belg.,2011 Sep;111(3):225-7 [2] R.S.Van Gelder, L.Van Gelder;FACIAL EXPRESSION AND SPEECH 
NEUROANATOMICAL CONSIDERATIONS, international Journal of Psychology 25 (1990) 141-155 North-
Holland [3] S.Ozekmekci, G.Benbir, F.Y.Ozdogan, S.Ertan, M.E.Kiziltan; Hemihypomimia, a rare persistent sign in 
Parkinson’s disease, J Neurol (2007) 254:347–350 DOI 10.1007/s00415-006-0372-z. 
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1970 
Cortical cholinergic dysfunction correlates with microglial activation in the Substantia Innominata in 
patients with REM sleep behavior disorder 
K. Stær, A. Iranzo, M. Stokholm, K. Østergaard, M. Eroles, M. Otto, K. Svendsen, A. Pla, D. Vilas, J. Santamaria, A. 
Møller, C. Gaig, P. Borghammer, D. Brooks, E. Tolosa, N. Pavese (Aarhus N, Denmark) 
Objective: To explore possible correlations between levels of microglial activation (neuroinflammation) in the 
Substantia Innominata (SI), the major source of cholinergic input to the cortex, and cortical acethylcholinesterase 
activity in patients with REM sleep behavior disorder (RBD). 
Background: We have previously reported the presence of reduced cortical acethylcholinesterase activity, as 
measured by 11C-Donepezil PET, in patients with RBD, suggesting dysfunction of the cholinergic projections from 
the SI to the cortex. In the same patients we have also detected increased levels of microglial activation in the 
substantia nigra, the occipital cortex, and, at a lesser extent, in the striatum. The cholinergic dysfunction observed in 
these patients could be related to an increased load of microglial activation in the SI but this has not yet been 
investigated. 
Methods: We studied 17 patients with polysomnography-confirmed RBD with 11C-PK11195 PET, a marker of 
microglial activation, and 11C-Donepezil PET, a marker of cholinergic function. The PNEURO module of PMOD 
software v 3.6 (PMOD technologies Ltd. Switzerland) was used to create a Region of interest (ROI) template 
encompassing the SI in Hammers atlas space, while the cortical regions were defined using the Hammers-1mm 
probabilistic atlas implemented in PMOD. The 11C-PK11195 binding potentials (BPND) and 11C-Donepezil 
distribution volume ratio (DVR) values were correlated using Pearson test. 
Results: We found a significant negative correlation between 11C-PK11195 BPND values in the SI and cortical 
11C-Donepezil DVR values (r = -0.4606, p = 0.03). 
Higher 11C-PK11195 BPND values in the SI were correlated with lower 11C-Donepezil DVR in the cortex. 
Conclusions: Our results suggest that increased microglial activation in the SI of RBD patients could be associated 
with reduced acetylcholinesterase activity in the cortical areas receiving cholinergic projections from the SI. 
Longitudinal studies will help clarify if these changes could contribute to the development of cognitive impairment 
in these patients. 
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1971 
Amyloid load and cognitive decline in Parkinson's disease: preliminary longitudinal findings 
M. Stark, T. Melzer, D. Myall, R. Keenan, T. Pitcher, K.L. Horne, L. Livingston, M. MacAskill, J. Dalrymple-Alford, 
T. Anderson (Christchurch, New Zealand) 
Objective: To test for any association between amyloid deposition and future cognition in Parkinson’s disease, in a 
sample enriched for mild cognitive impairment. 
Background: Progressive cognitive decline and dementia is common in Parkinson’s disease, and follows a highly 
variable time course from normal cognitive ability to dementia. Elucidation of subtle pathological differences in 
early disease may assist estimation of future outcomes. One such pathological change is amyloid deposition, as 
measured by PET imaging. 
Methods: We acquired [18F]-Florbetaben (FBB) amyloid PET and structural MRI for 114 patients with Parkinson’s 
disease, recruited from the Movement Disorders clinic at the New Zealand Brain Research Institute. Participants 
were classified at baseline as having normal cognition (PDN, n=23), mild cognitive impairment (PD-MCI, n=76), or 
dementia (PDD, n=15) using the MDS level II criteria. Cortical FBB uptake was expressed in centiloids and as 
SUVR, using the Centiloid Project whole cerebellum region as a reference. All participants underwent cognitive 
screening every 6-months and a full neuropsychological battery every year, for up to 3 years. Change in global 
cognitive performance and conversion status at follow-up will be assessed against baseline amyloid deposition using 
a bayesian regression model, accounting for baseline cognitive performance, age and sex. 
Results: FBB binding was higher in PDD (CL(sd)=42(44)) compared to PDN (CL=16(19)) and PD-MCI 
(CL=18(27)), but this difference did not survive adjustment for the older age of the PDD group (PDN=70(6)yrs; PD-
MCI=72(6)yrs; PDD=77(6)yrs). There was no evidence at baseline of an association of FBB binding with global 
cognitive scores. Over a median cognitive follow-up time of 2yrs [0-4yrs], 5 participants converted from PDN to 
PD-MCI, 23 converted from PD-MCI to PDD, and 9 reverted from PD-MCI to PDN. Interim statistical analyses will 
determine if any correlation exists between baseline amyloid deposition and follow-up cognitive assessments. 
Conclusions: The lack of an association between PET amyloid deposition and cognitive impairment at baseline 
suggests that amyloid pathology is not the primary driver of cognitive impairment in the early stages of Parkinson’s 
disease. However, there remains the possibility that early brain amyloid burden may yet have an influence on future 
outcomes in PD. 

1972 
Hemispheric Differences in Motor Circuitry of Parkinson’s disease: Metabolism and Micro-Structure 
D. Stein, N. Goldberg, L. Domachevsky, H. Bernstine, M. Nidam, D. Groshar, M. Lorberboym, S. Israeli-Korn, M. 
Gomori, Y. Assaf, S. Hassin-Baer (Tel-Aviv, Israel) 
Objective: The purpose of this study was to quantitatively characterize simultaneous PET/MR brain changes 
focusing on the hemispheric asymmetry to trace differences between the more and less affected side, with 
comparison to a healthy control group. 
Background: The diagnostic value of imaging studies in PD is questionable, particularly in early stages. 
Methods: Fifteen patients with early PD, not yet treated with levodopa, exhibiting persistent asymmetric motor 
signs from time of presentation and 10 age-matched healthy control's had simultaneous PET 18F-DOPA and 
diffusion tensor imaging(DTI)-MRI using a 3T PET/MR scanner. All data underwent voxel based analysis between 
the more and less affected hemispheres. In addition, structural connectivity network maps were calculated from the 
DTI images. 
Results: Significant differences between the more and less affected hemispheres were found in the striatum, frontal 
regions, thalamus and cerebellum in fractional anisotropy (5-23%) and PET 18F-DOPA (2-7%), excluding the 
cerebellum. These differences were not demonstrated for healthy controls. Differences in network analysis were 
found only in fibers connected to regions of the cerebellum (1-27%). Imaging data did not correlate with lateralized 
motor scores. 
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Conclusions: This study demonstrates that multimodal imaging may be sensitive to brain changes beyond the 
known differences in the striatum. In addition, it suggests that in PD micro-structural differences may be more 
pronounced than metabolic changes. 

1973 
Neural correlates of visual cues for gait impairment in Parkinson’s disease: a preliminary analysis 
S. Stuart, J. Wagner, S. Makeig, M. Mancini (Portland, OR, USA) 
Objective: To examine the neural correlates of walking with visual cues in Parkinson’s disease (PD). 
Background: Gait impairment is central to PD with links to falls risk. Specifically, gait is slow, asymmetric and 
more variable in PD, with short and shuffling steps compared to healthy controls. Visual cues can improve gait in 
PD but the underlying mechanisms involved are unclear, leading to variable application and response. Investigating 
how visual cues influence the neural activity involved in walking may allow greater understanding of the 
mechanisms involved in cueing response for gait, which could help develop effective therapeutics. Mobile 
electroencephalogram (EEG) is a neuroimaging technique that can be useful in investigating neural activity during 
walking [1]. 
Methods: Nine people with PD (Age; 76±5.7, UPDRS-III; 30.7±11.3, ON medication) walked over-ground for two 
minutes with and without visual cues (lines to step over) while a 32-channel mobile EEG system (Mobita, TMSi, 
Netherlands) recorded brain activity and synchronized inertial sensors measured gait. EEGLAB software [2] was 
used to process EEG signals to derive brain activity, specifically source localized independent component (IC) 
clusters and their power spectral densities; Delta (δ:1-4Hz), Theta (q:4-8Hz), Alpha (α:8-13Hz), Beta (b:13-30Hz) 
and Gamma (γ:30-50Hz). We identified 35 ICs in total and formed five clusters with source locations in the pre-
frontal cortex (PFC), pre-motor cortex (PMC) and the left, central and right parietal cortex (PC) (Figure 1). 
Results: As expected, gait improved in PD when walking with visual cues, e.g. stride length (no-cue; 1.05±0.13m, 
cue; 1.18±0.12m, p=.033). Overall, power reduced in specific brain regions when walking with visual cues 
compared to without, such as the PFC (d: p=.017, b: p=.003, g: p<.001), PMC (q: p=.016, b: p<.001, g: p<.001), and 
left PC (g: p=.002). This may indicate reduced cognitive, motor and sensory load when walking with visual cues. 
However, there was also higher γ power (p=.002) in the central PC with visual cues, which may indicate that visual 
cues require discrete increases in visual processing. 
Conclusions: These preliminary findings suggest that visual cues may influence brain activity in specific regions 
during walking in PD, which may underpin gait improvement. Future work is required to establish findings in a 
larger cohort. 
References: [1] Stuart, S., et al. (2018). Maturitas. [2] Delorme, A., & Makeig, S. (2004). J neuro meth. 
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1974 
Pre-frontal activation during walking in Parkinson’s disease: the impact of attention 
S. Stuart, A. Giritharan, J. Quinn, M. Mancini (Portland, OR, USA) 
Objective: This study aimed to; 1) examine pre-frontal cortex (PFC) activation during walking in response to 
increased attentional load (dual-task) in Parkinson’s disease (PD); and 2) explore the relationship between attention 
and PFC activation during walking in PD. 
Background: Gait impairment is a core feature of PD, with links to falls risk. Attention may be an important 
contributor to gait in PD, with associative and dual-task studies highlighting a strong association between them [1]. 
Attentional projections stem from the PFC, and may become over-active during gait in PD compared to healthy 
controls, to compensate for the impaired basal ganglia output that affects the automaticity of movement. Recent 
technological advancement has allowed monitoring of PFC activity during actual motor tasks, using methods such 
as mobile functional near infrared spectroscopy (fNIRS) [2]. Monitoring PFC activity during gait may provide 
understanding of the underlying mechanisms involved in gait impairment, which would inform development of 
tailored interventions. 
Methods: Nine people with PD (Age; 71.7±6.4, MoCA; 26.9±1.8; UPDRS-III; 43.2±10.3, OFF medication) walked 
under single and dual-task (AX-CPT) over-ground for two minutes back and forth over 10m, with a 20 second stand 
at the beginning and at the end of the walk. PFC activity was recorded via a mobile fNIRS device; 6 emitter-detector 
pairs with 2 reference channels to remove peripheral signal noise. Attention was examined using a computerized 
battery [3]. The primary outcome was relative change (∆) in HbO2 from baseline (standing) with walking, which is 
a proxy for PFC activation. 
Results: Interestingly, preliminary results indicated that there was no significant difference in PFC activation 
between single (∆HbO2=-0.04±0.17) and dual-task (∆HbO2=-0.08±0.42) walking in PD (Z=-0.30, p=.767). 
However, there was a significant relationship between better attention and greater PFC activation during single-task 
walking (rho=-73, p=.025), but not during dual-task conditions. 
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Conclusions: These preliminary findings suggest that attentional capabilities may underpin PFC activity during 
walking in PD. In future, this study will analyze the same outcome measures in a larger cohort. 
References: [1] Morris, R. et al. (2016). Neurosci Biobehav Rev [2] Stuart, S. et al. (2018). Maturitas [3] Elder, G. 
et al. (2016). Int Psychoger 

1975 
Automated Diagnosis of Idiopathic Parkinson’s Disease Using Deep Convolutional Neural Networks 
Y.H. Sung, D.H. Shin, E.Y. Kim (Incheon, Republic of Korea) 
Objective: The aim of this study is to implement and evaluate CNN-based DL approach for the diagnosis of IPD. 
We trained CNNs on a large data set of high resolution nigrsome 1. MRI images and compared diagnostic 
performance with human specialist. 
Background: Recently nigrosome 1 on susceptibility-weighted imaging (SWI) at 3T or 7T was suggested as a new 
imaging biomarker of IPD. A recent meta-analysis showed that overall sensitivity and specificity of nigrosome 1 
MRI imaging for IPD versus normal were 94.6% and 94.4%, respectively. 
Methods: We enrolled 570 subjects who visited our movement disorder clinic from November of 2014 to August of 
2018. About 32,771 images of susceptibility map weighted imaging (SMWI), which was proposed to improve both 
contrast-to-noise ratios and signal-to-noise ratios for nigrosome 1 of SWI by using high spatial-resolution 
quantitative susceptibility mapping (QSM), were obtained from 570 subjects that were composed with 344 patients 
with Parkinson’s disease and 226 normal subjects at Gachon University Gil Medical Center and were used for 
learning, validation, and testing. 
Results: The receiver operating characteristic (ROC) curves for 5 algorithms produced using 5-fold cross-
validation, each of which was evaluated on the independent test data set (mean [SD] MR images of 176 subjects, 
97.3 [0.52]). The mean (SD) values of the 5 areas under the ROC curve (AUC) were 0.9974 (0.0006). The 
diagnostic accuracy is 96.93±0.57 %. Sensitivity and specificity of the best performing developed algorithm for 
diagnosis of IPD were 97.33% and 100%, respectively. 
Conclusions: In conclusion, the IPD diagnosis system using nigrosome 1 SMWI MRI images was found to have 
similar diagnostic performance with highly trained neuroradiologist and was verified in independent external 
dataset. 

1976 
Probabilistic tractography study of the nigrostriatal pathway in Parkinson’s disease 
S. Tagliente, H. Wilson, Z. Chappell, T. Yousaf, E. De Natale, G. Pagano (London, United Kingdom) 
Objective: To investigate changes in connectivity of the nigrostriatal and striatonigral pathways in PD and 
association with clinical symptoms. 
Background: Loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc), which projects to the 
dorsal striatum, is the main pathological feature of Parkinson’s disease (PD). Probabilistic tractography, that 
analyses in vivo white matter trajectories can be employed to study the connectivity between brain regions. 
Methods: Probabilistic tractography was performed in 24 PD patients and 16 healthy controls (HCs) to measure the 
nigrostriatal connectivity using as a seed the SNpc manually delineated on neuromelanin sensitive MRI and the 
striatonigral connectivity using as a seed the dorsal striatum manually delineated on T1 MRI. Neuromelanin-
sensitive MRI allows the identification of dopaminergic neurons within the SNpc to differentiate the SNpc from SN 
reticulata. 
Results: Mean nigrostriatal (P<0.001; -79%) and striatonigral (P<0.01; -52%) streamline number was lower in PD 
compared to HCs. Moreover, in PD the number of streamlines of the nigrostriatal tract correlated positively with the 
neuromelanin area (r=0.435; P<0.05) and negatively with UPDRS-III scores (r=-0.431; P=<0.05). 
Conclusions: Abnormal tractography characteristics in both the nigrostriatal and striatonigral pathways suggest loss 
of integrity of the motor control circuitry in PD. Degradation of the nigrostriatal tract in PD is associated with the 
severity of motor symptoms. The loss of pigmented neurons inside the SNpc is correlated with the loss of 
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microstructural integrity inside the motor circuitry. Our results suggest that probabilistic tractography and 
neuromelanin-sensitive MRI are a potential diagnostic marker of the disease. 
This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1977 
Resting state Functional Connectivity differences in Pediatric Patients with Tourette syndrome and 
Obsessive-compulsive disorder 
S. Tikoo, F. Cardona, S. Tommasin, C. Giannì, N. Upadhyay, K. Bharti, G. Conte, G. Mirabella, A. Suppa, P. 
Pantano (Roma, Italy) 
Objective: To assess functional connectivity (FC) abnormalities contributing to the pathophysiology of Tourette 
syndrome (TS) and obsessive-compulsive disorder (OCD) in pediatric patients. 
Background: TS is a neurodevelopmental disorder that is frequently associated with psychiatric comorbidities, 
including OCD. Several clinical features seem to distinguish the “pure” form of OCD from the “tic-related” one. 
Although FC has been investigated in both disorders separately, no study has compared functional abnormalities in 
pediatric patients with either TS or OCD. 
Methods: 30 TS, 10 OCD, and 11 Healthy controls (HC), aged 8-14 years, underwent 3T resting-state fMRI. Yale 
Global Tic Severity Scale (YTGSS) and Children Yale-Brown Obsessive-Compulsive Scale (CYBOCS) assessed tic 
severity and OCD symptoms, respectively. fMRI data were processed by using FSL. After image pre-processing, 
independent component analysis decomposed the data into 30 spatial components. Seven networks of interest were 
selected, i.e. Basal Ganglia (BG), Cerebellum (CB), Frontoparietal (FP), Default-Mode (DMN), Orbitofrontal 
(OBF), Salience (SN), Sensorimotor Network (SMN), to investigate between-group differences in FC and clinical 
correlations (p<0.05, FDR corrected). Customized children T1 template was used for analysis. 
Results: Patients with TS showed higher FC in the BG, CB, DMN, and SMN and lower FC in FP and SN than HS. 
Patients with OCD showed higher FC in the CB, FPN, SN, SMN than HS and higher FC in CB and FP than TS 
subjects. Differences between OCD and TS persisted even when splitting the TS group into pure-TS (scoring 0 in 
CYBOCS, n=16) and TS plus OCD (scoring more than 0 in CYBOCS, n=14). In TS patients, YTGSS scores 
positively correlated with FC in BG and SMN and negatively with CB and FP. In OCD patients, CYBOCS scores 
positively correlated with FC in FP and SMN, and negatively with CB. 
Conclusions: Our results confirm the role of sensorimotor networks in TS pathophysiology and their relationship 
with tic severity. An increased FC in CB and FP networks characterizes OCD and distinguishes it from TS; this 
finding persisted also when comparing OCD withTS plus OCD patients, suggesting different neural underpinnings 
in these two disorders. 

1978 
Neurofeedback-guided motor imagery in Parkinson's disease 
S. Tinaz, M. Elfil, J. Lemere, S. Basu, R. Sinha, D. Scheinost, M. Hampson (New Haven, CT, USA) 
Objective: We tested whether patients with Parkinson’s disease (PD) can increase the functional connectivity (FC) 
between the right insula (rIns) and dorsomedial frontal cortex (dmFC) using motor imagery guided by functional 
MRI (fMRI)-based neurofeedback (NF). 
Background: A major cause of morbidity in PD is difficulty sustaining a steady motor performance. Intentional 
action is internally motivated and relies on body awareness. The rIns processes signals from the body and creates the 
impetus to act via its interaction with the dmFC. It then evaluates the outcome of the movements to reinforce 
adaptive movements (Fig1). Activation in both brain structures is diminished in patients with PD. NF may help them 
increase the FC between the two which in turn might lead to improvement in motor performance. 
Methods: 12 PD subjects (3 females, age: 64 ± 8.1 years) with mild bilateral disease were randomized to 
experimental motor imagery (MI, n=6) and control visual imagery (VI, n=6) groups. FMRI data were collected from 
all subjects in "on"-dopaminergic state in a 3T Siemens scanner. In the scanner, MI group practiced kinesthetic MI 
of complex body movements and received 10-12 NF training sessions on two days; VI group practiced VI of static 
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scenes (e.g., lake, mountain) and did not receive NF training. The correlations between each subject’s rIns and 
dmFC activity patterns (i.e., FC) were calculated during 40-s imagery task blocks (x5). This FC was presented to the 
MI group as NF during training (Fig2). Both groups also practiced their respective imagery tasks at home for 15 min 
daily for 4 weeks. The first scan and last scan 4 weeks later were performed without NF in both groups and the 
difference in FC between them was used as a measure of learning success (two-way ANOVA). 
Results: There was a significant group-by-session interaction (p = 0.049) suggesting that the rIns-dmFC FC was 
significantly higher in the MI compared with the VI group as a result of training (Fig3). Frustration with imagined 
movements generated negative NF, whereas a feeling of ease and accomplishment generated positive NF. The most 
frequently reported MI themes were walking, gym exercises, and activities of daily living with a purpose to improve 
performance and focus. 
Conclusions: PD patients can increase the FC between the rIns-dmFC. This increase is specific to the type of 
training, namely, NF-guided MI. Whether this increase predicts real world clinical outcomes needs to be studied 
further. 
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1979 
Appropriateness of DAT Scan Ordering in a University Hospital Practice 
Z. Togher, S. Fullam, J. Britton, J. Duignan, R. Killeen, S. O'Riordan, M. Hutchinson (Dublin 4, Ireland) 
Objective: To examine the diagnostic utility (or misuse) of DAT scanning in a University Hospital practice – is 
there unnecessary utilisation of DAT scanning when compared to published guidelines or when a diagnosis of 
Parkinson’s Disease (PD) is clinically evident? 
Background: DAT scans are FDA approved to evaluate suspected pre-synaptic dopaminergic insufficiency. While 
data is limited, previous studies have concluded that DAT scanning can have a significant impact on diagnosis and 
management, even within tertiary centres. 
Methods: DAT scans performed between 2016 to end 2018 (three years) from the nuclear medicine department in 
St Vincent’s University Hospital were assessed. We then conducted a retrospective chart review. The European 
Association of Nuclear Medicine Neuroimaging (EANM) 2009 guidelines were taken as the standard from which 
appropriateness of scanning was measured. Gold standard for diagnosis of PD or Parkinsonism was either by clinical 
diagnosis by a movement disorder specialist or diagnosis as per the Movement Disorder Society (MDS) clinical 
diagnostic criteria for PD. 
Results: Patient records from 398 scans were analysed. Of these, full records were available for 318. 262 (82.4%) 
were within the recommended ordering guidelines. 170 (53.5%) were ordered by neurologists, of which 134 (78.8 
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%) were deemed appropriate. 148 (46.5%) were ordered by non-neurologists (73% geriatricians) of which 128 
(86.5%) were deemed appropriate. In appropriate scans Parkinsonism was apparent in 67 patients prior to scanning 
(25.6%). In these cases PD was not diagnosed prior to scanning, either by MDS criteria or by a movement disorder 
specialist. Management changed in 71 (27.1%). Where it was unchanged, this was most commonly due to 
medication being started prior to the scan and a clinical response already being noted. In those patients where 
management changed, 14 of these were due to a change in suspected diagnosis. 31 patients (9.7%) were diagnosed 
with a Parkinson’s Plus disorder. 
Conclusions: 82.4% of scans performed in our department adhered to existing guidelines. Within these management 
changed in 27%, with diagnosis changing in 4.4%. Parkinsonism was evident in 25.6% of appropriate scans. In 
patients with Parkinsonism, could dopaminergic therapy be trialled, as a clear response to therapy is included in the 
diagnostic criteria for PD? 

1980 
Longitudinal Change of Substantia Nigra Hyperechogenicity in Parkinson’s Disease Cohort 
T. Toomsoo, I. Rubanovits, R. Kerner, T. Asser, M. Vähi, P. Taba (Tallinn, Estonia) 
Objective: To analyze whether the size of SN+ is differentially affected depending on disease duration. Secondly to 
analyze the interaction between a range of clinical parameters and SN+ with a focus on the asymmetry of the 
disease. 
Background: Substantia nigra hyperechogenicity (SN+) is used to support the clinical diagnosis of Parkinson 
disease (PD). Although there is considerable variation in the extent of substantia nigra (SN) echogenic signals 
among patients, previous work suggests that SN+ is a stable marker throughout the course of the disease. In this 
study, we found that SN+ may change.  
Methods: This prospective longitudinal study included 166 PD patients. Follow up period was 7 years. SN+ was 
measured planimetrically by transcranial sonography. Echogenicity was analyzed separately for onset, non-onset 
and sum of both sides. Onset side was defined as the SN that is contralateral to the side of the body that first 
manifested PD related motor impairment. 
Results: We found that the best indicators for the SN+ changing in long -term follow up period were disease 
duration, MDS-UPDRS III, HYS and LED at second examination. The main TCS findings of the present study was 
that we did not see good correlation between SN+ mean at second examination and age at second examination. 
Conclusions: The present study demonstrates that SN+ is a dynamic marker. The longer the disease lasts, the lower 
the SN + value. 

1981 
White matter and subcortical volume of essential tremor patient decreases after MR-guided focused 
ultrasound thalamotomy 
K. Tsai, H.C. Lai, C.Y. Wei, P.Y. Chiu, W. Lin, C.L. Chen, S.K. Yang, C.-H. Hung, W.C. Chang (Changhua County, 
Taiwan) 
Objective: To study the anatomic volume differences of essential tremor (ET) patient before and after MR-guided 
focused ultrasound (MRgFUS) thalamotomy using respective 3D T1-weighted MR image. 
Background: ET is one of the most common neurological disorders, and it might affect the hand, leg, trunk, or 
vocal cord with an involutory tremor to the patient. Medical refractory ET can be effectively controlled by MRgFUS 
thalamotomy, which causes the thermo-coagulation at the contralateral side of the ventral intermediate nucleus 
(VIM) of the thalamus to the treated hand. MRgFUS thalamotomy caused the functional changed in the brain, but no 
literature revealed the anatomic changed after receiving this treatment. 
Methods: Thirteen ET patients (1 female and 12 male, mean/STD of age=58/12.2 years old) received 1 mm 
isotropic 3D T1-weighted MR imaging (BRAVO) with a 1.5T MR scanner (GE, USA) one day before and three 
months after the left VIM MRgFUS (Insightec, Israel) thalamotomy to mitigate their right-hand tremors. The 
FreeSurfer was used to reconstruct each volumetric MR image and estimate the volume in mm3of the subcortical 
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and white matter at the different anatomic parcellations. Two-tailed paired t-test was used to exam the difference 
between anatomic parcellations before and after the MRgFUS thalamotomy across all patients. 
Results: In subcortical parcellations, the bilateral cerebellum cortex, brain stem, and central and middle anterior part 
of corpus callosum showed significant volume decrements after receiving MRgFUS thalamotomy. In white matter 
parcellations, the bilateral inferior parietal, paracentral, postcentral, precuneus, superior parietal, as well as right-side 
cuneus, and left-side lateral occipital, precentral, and supramarginal showed significant volume decrements after 
receiving MRgFUS thalamotomy. Table1summarized the mean and STD volumes, as well as the statistics of all the 
parcellations. 
Conclusions: In this study we found several parcellation volumes in the brain decreased after receiving MRgFUS 
thalamotomy. This anatomic volume analysis provides another figure of merit to estimate the long-term effect of 
novel MRgFUS thalamotomy to control ET. 

 

1982 
Identification and Characterization of Selective and High Affinity Small Molecules as Positron Emission 
Tomography (PET) Imaging Tracers for Pathological Alpha-Synuclein 
E. Tsika, E. Vokali, J. Molette, M. Ravache, P. Rodriguez, V. Darmency, K. Piorkowska, S. Poli, H. Kroth, F. 
Capotosti, D. Lowe, J. Stoehr, M. Kosco-Vilbois, A. Pfeifer, A. Muhs (Lausanne, Switzerland) 
Objective: The aim is to develop small molecular weight compounds which bind selectively and with high affinity 
to alpha-synuclein (a-syn) aggregates as diagnostic PET imaging tracers for Parkinson’s disease (PD). 
Background: The progressive accumulation of aggregated a-syn in form of Lewy bodies and neurites is the 
pathognomonic hallmark of PD. The link between a-syn inclusions and disease severity warrants the development of 
PET tracers as tools to study the distribution and longitudinal changes of the aggregated protein in the human living 
brain. Due to the low density of a-syn pathology and the high frequency of co-pathologies in PD (e.g. β-amyloid, 
tau), an a-syn PET tracer must display high binding affinity to a-syn aggregates, high selectivity over other 
proteinaceous deposits and minimal non-specific binding. 
Methods: Screening of AC Immune`s proprietary Morphomer™ library of small molecules led to the identification 
of several hit series. Affinity to aggregated a-syn and selectivity over other proteinopathies were measured in post-
mortem PD and Alzheimer’s disease (AD) samples. Several compounds were 18F radiolabeled, and assessed for 
brain penetration and pharmacokinetic (PK) profile in rodents and non-human primates (NHP). 
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Results: Following Medicinal Chemistry optimization, a-syn PET tracer candidates were obtained with suitable in 
vitro and in vivo profiles. These candidates showed single-digit nanomolar affinities binding to Lewy bodies and 
Lewy neurites (e.g. by high-resolution autoradiography of PD brain sections). In addition, these compounds were 
selective for a-syn aggregates over β-amyloid and tau aggregates. Pharmacokinetic studies with fluorine-18 labeled 
candidates demonstrated favorable uptake and washout kinetics in NHP brains. 
Conclusions: We optimized hit compounds leading to candidates with high affinity to pathological a-syn aggregates 
and selectivity over the most commonly observed co-pathologies. The current lead candidate shows an optimized 
CNS-PET profile with minimal non-specific binding in NHP. Further in vitro and in vivo characterization is 
ongoing. 

1983 
The Dutch Parkinson and Cognition study (DUPARC): Cognitive impairment and cholinergic innervation in 
de novo Parkinson's Disease patients 
S. vander Zee, J.M. Boertien, M. Gerritsen, J.M. Spikman, T. van Laar (Groningen, Netherlands) 
Objective: To explore the incidence and characteristics of early cognitive impairment in Parkinson’s disease (PD) 
patients and the relationship with regional cholinergic innervation. 
Background: Cognitive impairment is a common non-motor feature in PD with a large impact on the prognosis and 
quality of life of patients. The underlying pathology of cognitive impairment in PD is multifactorial and has been 
shown to be related to altered cholinergic innervation in both cortical and subcortical regions. Early identification of 
the relationship between cognitive impairment and cholinergic innervation is of great importance for the prognosis 
of the disease and possible early intervention. Vesicular acetylcholine transporter (VAChT) PET imaging provides 
the opportunity to investigate regional cholinergic innervation and its relationship with clinical symptomology. 
Methods: 100 newly diagnosed, treatment-naïve PD patients, with a confirmed presynaptic dopaminergic deficit on 
the dopaminergic PET scan, were included in this cohort study. Assessment included extensive neuropsychological 
assessment covering all cognitive domains and cholinergic PET imaging using the VAChT tracer 
[18F]fluoroethoxybenzovesamicol. 
Results: Baseline characteristics of the cognitive impairment in 100 de novo PD patients will be presented, 
including the incidence of PD-related mild cognitive impairment (PD-MCI) and specific domain related 
impairments. In addition, the relationship between cognitive performance and regional cortical VAChT binding will 
be presented, identifying specific regions related to cognitive impairment in early PD. 
Conclusions: In conclusion, the DUPARC baseline data have improved our understanding of the cholinergic 
innervation in early, treatment-naïve, PD patients, and has established the relationship with cognitive performance 
across domains. DUPARC also provides the opportunity to perform follow-up, identifying patients at risk for 
cognitive decline. 

1984 
Neuroimaging in Parkinson’s disease dementia: Connecting the dots 
R. Weil, J. Hsu, R. Darby, L. Soussand, M. Fox (London, United Kingdom) 
Objective: To identify the neural substrates of Parkinson’s disease dementia (PDD) and Parkinson’s disease with 
Mild Cognitive Impairment (PD-MCI) using a network mapping approach. 
Background: Dementia is a common and devastating symptom of PD but the anatomical substrates are still not 
clear. Neuroimaging abnormalities in PDD have been reported throughout the brain and are largely inconsistent 
across studies. Here we test whether heterogeneous findings for PDD localise to a specific brain network by using a 
new approach: coordinate-based network mapping. 
Methods: We used a literature search to identify studies reporting neuroimaging correlates of PDD (n=11). We 
restricted our search to studies of brain atrophy and hypometabolism that compared PD dementia to those without 
cognitive involvement.  We used a standard coordinate-based ALE meta-analysis to examine consistency in 
neuroimaging findings.  We then used coordinate-based network mapping to test whether neuroimaging findings 
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localize to a common brain network.  This uses resting state functional connectivity from a large cohort of normal 
subjects (n=1000) to identify the network of regions connected to reported neuroimaging coordinates. 
Results: The standard ALE meta-analysis did not identify brain regions associated with PDD.  In contrast, our new 
approach showed that heterogeneous neuroimaging findings localize to a network centred on the 
hippocampus.  Next we tested for stage specificity by using studies of PD-MCI (n=15).  Coordinate-based network 
mapping revealed that correlates of PD-MCI fell within a network centred on the posterior default mode network. 
Conclusions: Our results link heterogeneous neuroimaging findings in PDD to a common network centred on the 
hippocampus, pointing to a central role for the hippocampi in established PD dementia.  In contrast, our finding that 
posterior brain networks are involved in PD-MCI sheds light onto the earlier stages of PDD. This has implications 
for understanding the progression of dementia in PD and for testable hypotheses regarding therapeutic targets. 

1985 
Evaluation of Imidazoline 2 binding sites reflecting astroglia pathology in Parkinson’s Disease: An in vivo 
[11C]BU99008 PET study 
H. Wilson, G. Dervenoulas, G. Pagano, R. Tyacke, J. Myers, R. Gunn, E. Rabiner, D. Nutt, M. Politis (London, 
United Kingdom) 
Objective: We aimed to evaluate the role of astroglia activation in Parkinson's disease (PD) using [11C]BU99008 
PET, a novel radioligand with high specificity and selectivity for imidazoline 2 binding sites (I2BS). 
Background: In PD, astroglia cells display α-synuclein-positive accumulations in the cytoplasm and may play a 
role in disease initiation and progression. The imidazoline 2 binding sites (I2BS) are expressed on activated 
astrocytes; therefore, by measuring I2BS levels we can indirectly evaluate astrogliosis in PD. 
Methods: Twenty-two patients with PD, 8 early and 14 moderate/advanced, and 14 healthy controls (HCs) 
underwent MRI and [11C]BU9908 PET corrected with arterial input function. Regional volume of distribution (VT) 
was calculated using the two-tissue compartment model with MIAKAT. 
Results: In early PD, increased [11C]BU99008 VT was observed in frontal, temporal, parietal and occipital cortical 
regions (P<0.05), with the greatest increase in the brainstem (P=0.018), compared to HCs. In moderate/advanced 
PD, loss of [11C]BU99008 VT uptake was observed across frontal, temporal, parietal, occipital, insula cortices, and 
the caudate, putamen, thalamus and brainstem (P<0.05). Loss of [11C]BU99008 VT in frontal (r=-0.61), temporal 
(r=-0.61), parietal (r=-0.59), occipital (r=0.58), insula (r=-0.60) cortices, and the caudate (r=-0.63), putamen (r=-
0.620), thalamus (r=-0.61) and brainstem (r=-0.56) correlated with longer disease duration (P<0.05). In the subgroup 
of moderate/advanced Parkinson’s patients, loss of [11C]BU99008 VT in the frontal (r=0.78), temporal (r=0.735) 
and parietal (r=0.79) cortex correlated with global cognitive impairment (P<0.05). 
Conclusions: This study demonstrates in vivo the role of astroglia in the initiation and progression of Parkinson’s 
disease. Astrogliosis observed early in Parkinson’s disease could reflect a neuroprotective compensatory 
mechanisms and pro-inflammatory upregulation in response to α-synuclein accumulation. However, as the disease 
progresses and significant neurodegeneration occurs, astroglia lose their reactive function and such loss in the cortex 
has clinical relevance in the development of cognitive impairment. 

1986 
Evaluation of Imidazoline 2 binding sites reflecting astroglia pathology in Huntington’s Disease: An in vivo 
[11C]BU99008 PET study 
H. Wilson, F. Niccolini, G. Dervenoulas, R. Tyacke, J. Myers, R. Gunn, D. Nutt, E. Rabiner, S. Tabrizi, M. Politis 
(London, United Kingdom) 
Objective: We aimed to evaluate the role of astroglia activation in Huntington’s disease gene expansion carriers 
(HDGECs) using [11C]BU99008 PET, a novel radioligand with high specificity and selectivity for imidazoline 2 
binding sites (I2BS). 
Background: Preclinical studies provide evidence for the critical and pathogenic role of mutant huntingtinin glial 
cell function suggesting that glial dysfunction may contribute to neuronal cell death in Huntington’s disease (HD). 
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The imidazoline 2 binding sites (I2BS) are expressed on activated astrocytes; by measuring I2BS levels we can 
indirectly evaluate astrogliosis in HDGECs. 
Methods: Twelve HDGECs, 5 symptomatic and 7 premanifest HDGECs, and 12 healthy controls (HCs) underwent 
MRI and [11C]BU9908 PET corrected with arterial input function. Regional volume of distribution (VT) was 
calculated using the two-tissue compartment model with MIAKAT. 
Results: In premanifest HDGECs, increased [11C]BU99008 VT uptake was observed in frontal, temporal, parietal, 
insular and occipital cortex regions (P<0.05). No differences were observed in the caudate, putamen, thalamus and 
brainstem. In the group of manifest HDGECs, [11C]BU99008 VT uptake was in line with HCs, showing trends 
towards decreased binding but not reaching significance. In premanifest HDGECs, increased [11C]BU99008 VT in 
the anterior (r=0.89; P=0.007) and medial (r=0.79; P=0.036) frontal gyrus, fusiform gyrus (r=0.79; P=0.036), and 
the insula anterior short (r=0.78; P=0.036) and inferior (r=0.82; P=0.023) cortex correlated with higher probability 
to symptomatic conversion. 
Conclusions: Our findings demonstrate that astrogliosis is an early event in the pathophysiological mechanisms 
underlying HD and highlights the potential use of [11C]BU99008 PET as a marker to predict symptomatic onset in 
premanifest HDGECs. 

1987 
The role of Synaptic vesicle protein 2A (SV2A) in patients with Parkinson’s disease dementia and Dementia 
with Lewy bodies: An in vivo [11C]UCB-J PET study 
H. Wilson, G. Dervenoulas, G. Pagano, A. Chandra, F. Niccolini, M. Esposito, R. Gunn, L. Ricciardi, E. Rabiner, 
D. Aarsland, M. Politis (London, United Kingdom) 
Objective: We aimed to investigate the role of synaptic vesicle glycoprotein 2A (SV2A) in Parkinson’s disease 
dementia (PDD) and Dementia with Lewy bodies (DLB) using [11C]UCB-J PET. 
Background: Synaptic vesicle glycoprotein 2A (SV2A) is a transmembrane protein expressed ubiquitously in 
secretory vesicles, within the brain, which is critical for synaptic and mitochondrial function. 
Methods: [11C]UCB-J PET corrected with arterial input function, was used to assess SV2A levels in 9 PDD and 9 
DLB patients compared to 12 healthy controls (HCs); HC [11C]UCB-J PET data was used from the MIND-MAPS 
Consortium. Regional volume of distribution (VT) was calculated using the one-tissue compartmental model 
with MIAKAT. 
Results: PDD and DLB patients showed global loss of [11C]UCB-J VT compared to HCs, with greatest reductions 
in DLB. PDD patients had reduced [11C]UCB-J VT in the precentral gyrus, superior temporal gyrus, supramarginal 
gyrus, angular gyrus, superior parietal gyrus and the caudate, putamen, pallidum and substantia nigra (P<0.05) 
compared to HCs. DLB patients had reduced [11C]UCB-J VT in the frontal, temporal, parietal, insula and occipital 
cortex, as well as the caudate, thalamus and brainstem (P<0.05). In PDD and DLB patients loss of [11C]UCB-J 
VT correlated with global cognitive impairment (MMSE; P<0.05), reduced cognitive stability (PD-CRS sustained 
attention task; P<0.05), deficits in instrumental cortical functions (PD-CRS confrontation naming task; P<0.05) and 
with deficits in executive function (SCOPA-COG executive task; P<0.05). 
Conclusions: Our findings demonstrate cortical and subcortical synaptic loss in patients with PDD and more 
prominently in patients with DLB that is associated with cognitive decline. 

1988 
Regional subcortical volumes predict gait decline in early Parkinson’s disease 
J. Wilson, R. Lawson, B. Galna, A. Yarnall, S. Lord, R. Morris, L. Alcock, G. Duncan, T. Khoo, D. Burn, L. 
Rochester, J.-P. Taylor (Newcastle upon Tyne, United Kingdom) 
Objective: To predict changes in discrete gait characteristics in early Parkinson’s disease (PD) compared to healthy 
ageing, using subcortical brain volumes quantified in early disease. 
Background: Gait disturbance is a cardinal feature of PD, yet the mechanisms underlying gait impairment and 
progression are poorly understood, limiting therapeutic management. Quantitative gait measures have been related 

This article is protected by copyright. All rights reserved.



to regional brain structures in healthy ageing (1), yet few have assessed associations between gait and structural 
brain imaging parameters in PD. No studies have yet investigated whether structural imaging can be used to predict 
gait decline in PD, thereby aiding the identification of patients at greater risk of gait decline. 
Methods: 100 PD patients and 47 healthy age-matched controls completed quantitative gait and 3T magnetic 
resonance imaging assessments at baseline, a median of six months from diagnosis, through the ICICLE-PD and 
ICICLE-GAIT studies. From T1-weighted images, subcortical volumes related to motor and cognitive functions 
were measured using Freesurfer software. Gait was quantitatively assessed at 18 month intervals for up to six years, 
using an instrumented walkway during two minutes of continuous walking. 16 spatiotemporal gait characteristics 
from a validated gait model (2) were derived. Within-group linear mixed effects models assessed changes in gait 
characteristics and predicted gait changes from subcortical volumes.  Models corrected for baseline age, sex and 
height; PD models also included levodopa equivalent dose. 
Results: Preliminary results indicate significant changes in PD gait over the first six years of disease; namely 
reduced step velocity, step length, step time and swing time, and increased step length variability (p<0.01). The gait 
of healthy controls did not change significantly over six years.  In PD, baseline thalamus volume predicted declines 
in step velocity, step length, step length variability and step time (p<0.01). Baseline volumes of the basal ganglia 
and left hippocampus predicted declines in step velocity and step length (p<0.01). 
Conclusions: This is the first study to demonstrate that regional subcortical volumes predict gait progression in 
early PD. Regions related to both motor and cognitive functions predicted decline in selective gait characteristics, 
suggesting that patients at a higher risk of gait decline may be stratified and targeted for the remediation of gait 
dysfunction. 
References: 1. Wilson J, Allcock L, Mc Ardle R, Taylor J-P, Rochester L. The neural correlates of discrete gait 
characteristics in ageing: A structured review. Neuroscience & Biobehavioral Reviews. 2018. 2. Lord S, Galna B, 
Verghese J, Coleman S, Burn D, Rochester L. Independent domains of gait in older adults and associated motor and 
nonmotor attributes: Validation of a factor analysis approach. Journals of Gerontology - Series A Biological 
Sciences and Medical Sciences. 2013;68(7):820-7. 

1989 
Distributed Global Functional Connectivity Networks Predict Responsiveness to L-DOPA and Subthalamic 
Deep Brain Stimulation 
C. Wu, T. Foltynie, P. Limousin, L. Zrinzo, H. Akram (Philadelphia, PA, USA) 
Objective: To investigate global resting-state functional connectivity (rsFC) patterns associated with response to L-
DOPA and to subthalamic nucleus (STN) deep brain stimulation (DBS) in patients with advanced Parkinson’s 
disease (PD). 
Background: Brain circuit dysfunction in PD involves an extensive global network [1–3]. A distinctive basal 
ganglia rsFC pattern has been linked with the ranked response to L-DOPA [4]. 
Methods: Nineteen patients underwent 3-Tesla resting-state functional MRI (rsfMRI) in the ON-medication state 
prior to STN DBS. Improvement in UPDRS-III hemibody scores were assessed following L-DOPA therapy and 
STN DBS. Global FC was measured between regions-of-interest (ROIs) defined by the Automated Anatomical 
Labeling (AAL) atlas and the Montreal Neurologic Institute (MNI) PD25 subcortical atlas. Seed- and network-level 
correlations were made with an FDR-p<0.005. Tremor dominant (TD) and akinetic-rigid (AR) subgroups were also 
compared separately. Graph theoretical analysis was performed with an analysis threshold of FDR-p<0.005; and 
then looking at the top 15% of edges. 
Results: Response to L-DOPA and to DBS displayed cerebellar desynchronization with bilateral thalami and 
synchronization with bilateral ventromedial prefrontal cortices (vmPFC). L-DOPA response was additionally 
associated with desynchronization between the vmPFC and the fusiform gyrus. Meanwhile, DBS response was 
associated with more widespread areas, which have been implicated in visuomotor control and planning [5–7][Fig. 
1]. No significant differences in rsFC were seen between TD and AR groups. Graph theory analysis revealed that 

This article is protected by copyright. All rights reserved.



DBS response was inversely related to global efficiency of the thalamus and putamen bilaterally. No significant 
graph metrics were found relative to L-DOPA response. 
Conclusions: Response to DBS and to L-DOPA share similar characteristics – particularly in cerebello-thalamo-
cortical circuits, including those that play a role in planning, learning, decision-making, and reward-based behavior 
[8,9]. Preservation of distributed networks involved in visuomotor control and network integration of 
striatothalamocortical circuits appear to predict DBS response. These findings shed a light on the mechanism of 
action of DBS and L-DOPA and may help serve as useful treatment response biomarkers. 
References: 1. Hou Y, Ou R, Yang J, Song W, Gong Q, Shang H: Patterns of striatal and cerebellar functional 
connectivity in early-stage drug-naïve patients with Parkinson’s disease subtypes. Neuroradiology 2018 Dec 
22;60:1323–1333. 2. Suo X, Lei D, Li N, Cheng L, Chen F, Wang M, et al.: Functional Brain Connectome and Its 
Relation to Hoehn and Yahr Stage in Parkinson Disease. Radiology 2017 Dec;285:904–913. 3. Luo CY, Guo XY, 
Song W, Chen Q, Cao B, Yang J, et al.: Functional connectome assessed using graph theory in drug-naive 
Parkinson’s disease. J Neurol 2015 Jun 1;262:1557–1567. 4. Akram H, Wu C, Hyam J, Foltynie T, Limousin P, De 
Vita E, et al.: l-Dopa responsiveness is associated with distinctive connectivity patterns in advanced Parkinson’s 
disease. Mov Disord 2017;32. DOI: 10.1002/mds.27017 5. Göttlich M, Münte TF, Heldmann M, Kasten M, 
Hagenah J, Krämer UM: Altered resting state brain networks in Parkinson’s disease. PLoS One 2013 Oct 
28;8:e77336. 6. Wu T, Ma Y, Zheng Z, Peng S, Wu X, Eidelberg D, et al.: Parkinson’s Disease—Related Spatial 
Covariance Pattern Identified with Resting-State Functional MRI. J Cereb Blood Flow Metab 2015 Nov 3;35:1764–
1770. 7. Nackaerts E, Michely J, Heremans E, Swinnen S, Smits-Engelsman B, Vandenberghe W, et al.: Being on 
Target: Visual Information during Writing Affects Effective Connectivity in Parkinson’s Disease. Neuroscience 
2018 Feb 10;371:484–494. 8. Caligiore D, Pezzulo G, Baldassarre G, Bostan AC, Strick PL, Doya K, et al.: 
Consensus Paper: Towards a Systems-Level View of Cerebellar Function: the Interplay Between Cerebellum, Basal 
Ganglia, and Cortex. Cerebellum 2017;16:203–229. 9. Reber J, Feinstein JS, O’Doherty JP, Liljeholm M, Adolphs 
R, Tranel D: Selective impairment of goal-directed decision-making following lesions to the human ventromedial 
prefrontal cortex. Brain 2017 Jun 1;140:1743–1756. 
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1990 
The neural representations of the voice tremor spectrum 
L. Xavier, K. Simonyan (Boston, MA, USA) 
Objective: Investigate shared and disorder-specific brain abnormalities in essential and dystonic tremor of voice 
using functional and structural brain imaging. 
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Background: Essential tremor of voice (ETv) is a common manifestation of essential tremor (ET) that affects vocal 
folds during both active and passive laryngeal tasks [1, 2]. The clinical characteristics of ETv differ from those of 
dystonic tremor of voice (DTv), which co-occurs with spasmodic dysphonia, is task-induced and predominantly 
affects speech production [3]. Little is known about the neural representations of ETv symptomatology and its 
differences from DTv, which impacts the development of accurate diagnostic markers of these disorders. 
Methods: We acquired high-resolution structural T1-weighted and functional images during symptomatic speech 
production on a 3T scanner in 18 ETv (age 62.5±12.2 years, 15 females/3 males), 25 DTv (age 60.2±10.8 years, 22 
females/3 males) and 25 healthy controls (age 54.2±8.5 years, 18 females/7 males). Structural images were analyzed 
for cortical thickness (CT) and subcortical volume measures; functional images were processed following the 
standard analytic pipeline. Between-group statistical significance was assessed using two-tailed independent t-tests 
at FWE-corrected p < 0.05. 
Results: Compared to controls, DTv patients showed increased activity and decreased CT bilaterally in primary 
sensorimotor cortex along with additionally decreased activity in left superior frontal gyrus, inferior parietal cortex 
and cerebellum. Compared to controls, ETv patients were characterized by more prominent subcortical changes with 
decreased activity in left putamen and decreased gray matter volume of left nucleus accumbens. Shared 
abnormalities in ETv and DTv compared to controls were associated with decreased CT in right angular and left 
lingual gyri and functional changes in the right insula, the activity of which was increased in DTv and decreased in 
ETv. A direct comparisons showed that ETv had greater activity in right cerebellum and both greater activity and 
CT in right inferior frontal gyrus, while DTv had greater CT in left primary sensorimotor cortex. 
Conclusions: Our findings suggest that ETv and DTv share similar brain alterations but are characterized by distinct 
neural representations within the circuits responsible for motor planning and preparation in ETv and motor 
execution in DTv. 
References: 1. Blitzer, A., M.F. Brin, and L.O. Ramig, Neurologic Disorders of the Larynx. 2011: Thieme. 256. 2. 
Sulica, L. and E.D. Louis, Clinical characteristics of essential voice tremor: a study of 34 cases. Laryngoscope, 
2010. 120(3): p. 516-528. 3. Mor, N. and A. Blitzer, Diagnosis and Treatment of Laryngeal Dystonia : Past , Present 
and Future Directions. Tremor and other hyperkinetic movements, 2016. 6: p. 1-12. 

1991 
Multi-modal MRI in patients with genetically confirmed familial cortical myoclonic tremor with epilepsy type 
1 
F. Xie, B. Wang, J. Wang, Z. Cen, W. Wei, Y. Chen, H. Sun, D. Yang, Y. Lou, X. Chen, S. Chen, H. Wang, L. Wang, 
S. Wang, X. Qiu, Y. Ding, H. Yin, S. Wu, B. Zhang, Y. Zang, W. Luo (Hangzhou, China) 
Objective: The present study utilized multi-modal MRI study to investigate the structural and functional alterations 
in genetically confirmed familial cortical myoclonic tremor with epilepsy type 1 patients carrying heterozygous 
pathogenic (TTTCA)n insertion in the SAMD12 gene. 
Background: Intronic pentanucleotide (TTTCA)n insertion was recently identified as the genetic cause of familial 
cortical myoclonic tremor with epilepsy. However, our knowledge to its pathophysiology was still limited. 
Methods: Here, we enrolled 31 familial cortical myoclonic tremor with epilepsy type 1 patients carrying 
heterozygous pathogenic (TTTCA)n insertion in the SAMD12 gene and 31 age- and gender-matched healthy 
controls. Multi-modal MRI metrics were compared, including gray matter volume, fractional anisotropy of diffuse 
tensor imaging, percent amplitude fluctuation (a new derivative of amplitude of low frequency fluctuation) of 
resting-state functional MRI. 
Results: No significant group difference was found on gray matter volume and fractional anisotropy. For the 
resting-state functional MRI metric percent amplitude fluctuation, two-way ANOVA showed no significant main 
effect of “Group”, but showed significant interaction effect of “Frequency by Group” in four regions including the 
vermis, left cerebellar lobule, right anterior cingulate gyrus, and left precentral gyrus. The lowest frequency band (0 
- 0.01 Hz) exhibited significant increased percent amplitude fluctuation in patients in three subcortical regions (two 
in cerebellum and one in the cingulate), while the highest frequency band (0.198 - 0.25 Hz) exhibited decreased 
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percent amplitude fluctuation in the precentral gyrus in patients. Further analysis revealed that the interaction effect 
was mainly contributed by the lowest (0 - 0.01 Hz) and highest (0.198 - 0.25 Hz) frequency bands resting-state 
functional MRI. While the structural damage was not prominent, the cerebellum and motor cortex showed a 
frequency-dependent abnormality of intrinsic activity. 
Conclusions: The distinct change of spontaneous brain activity, i.e., increased ultra-low frequency amplitude in the 
cerebellum and the decreased higher frequency amplitude in the motor cortex might be a pathophysiological feature 
in familial cortical myoclonic tremor with epilepsy type 1 patients. 

1992 
Gray Matter Abnormalities in Parkinson’s disease: a Voxel-wise meta-analysis 
X.R. Xu, Q. Han, J.Y. Lin, L. Wang, H.F. Shang (Chengdu, China) 
Objective: To summarize the consistent GM volume changes in PD patients from whole brain VBM studies. 
Background: Grey matter (GM) anomaly in Parkinson’s disease (PD) patients remains unclear. 
Methods: We searched published medical literature to identify whole brain VBM studies involving both PD patients 
and healthy controls (HCs). Coordinates were extracted from the clusters of significant GM differences between PD 
patients and HCs. We performed a meta-analysis using the effect size-based signed differential mapping (ES-SDM). 
Mean analysis was conducted to detect regional GM volume differences between PD patients and HCs. And 
confounders were identified by meta-regression. We assessed study heterogeneity and publication bias through 
Funnel plots and Egger’s tests. Jackknife sensitivity analysis was performed to assess the robustness of the results. 
Results: A total of 61 studies were included, with 2760 PD patients and 1922 HCs. Significant and consistent GM 
volume reduction were detected in a number of brain regions, including right temporal lobe, right rolandic 
operculum, right amygdale, right angular gyrus, right middle occipital gyrus, right fusiform gyrus, left anterior 
cingulated / paracingulate gyri, bilateral insula, and bilateral striatum. And GM volume changes were related to age, 
disease duration, Unified Parkinson's Disease Rating Scale-Part III (UPDRSIII) score and Mini Mental State 
Examination (MMSE) score. The findings remained largely unchanged in jackknife sensitivity analysis and no 
significant heterogeneity or publication bias was detected. 
Conclusions: PD patients have GM volume reduction in a number of brain regions, which may be affected by age, 
disease duration, UPDRSIII, and MMSE score. These findings provide morphological evidence for the underlying 
pathology of PD. 

1993 
Quantitative Susceptibility Mapping: an Biomarker for Diagnosis of Parkinson's Disease and Evaluation 
Patients' Condition 
L.X. Xue, E.H. Xu, J.K. Li, Q. Yang, P. Chan (Beijing, China) 
Objective: To study deep gray matter susceptibility in Parkinson's Disease (PD) by using quantitative susceptibility 
mapping (QSM) and to assess the relationship between susceptibility value and clinical evolution, especially non-
motor symptoms. 
Background: PD is a common chronic degenerative disease of the central nervous system. With the development of 
imaging technology, effective and accurate imaging markers for the diagnosis of PD are important and experts are 
focusing more on QSM. However, few studies have looked into the relationship between QSM and the non-motor 
symptoms, which appear earlier than motor symptoms, and sometimes more annoying patients and affecting the 
quality of patients' life. 
Methods: For this prospective study, 44 patients with PD recruited between September 1, 2016, and September 1, 
2018, and 44 age- and sex-matched control subjects were scanned with a 3.0 T magnetic resonance imaging (MRI) 
scanner. The magnetic susceptibilities of the regions of interest (ROIs), including caudate nucleus (Cd), putamen 
(Pt), globus pallidus (Gp), red nucleus (Rn), substantia nigra (Sn), and dentate nucleus (Dn), were quantified by 
QSM. The non-motor symptoms of PD were determined by Montreal Cognitive Assessment(MoCA), Mini-Mental 
State Examination (MMSE), University of Pennsylvania smell identification test(UPSIT). 
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Results: We found that the susceptibility values of the left Sn and right Cd (especially the left Sn) were significantly 
higher in PD patients than the controls (p < 0.05).Deep gray matter susceptibility had a good correlation with the 
score of non-motor symptom scales. 
Conclusions: QSM suggests that altered deep gray matter iron is involved in the evolution of PD. Our study 
indicated that magnetic susceptibility value of the left Sncould be potentially used as a biomarker of diagnosis in 
PD. These findings encourage efforts to optimize the QSM methodology. 

1994 
Identifying altered resting state network connectivity in Parkinson’s disease with mild cognitive impairment 
J. Yang, K. McMahon, D. Copland, G. Byrne, J. O'Sullivan, N. Dissanayaka (Herston, Australia) 
Objective: To investigate brain connectivity associated with Parkinson's disease patient with mild cognitive 
impairment during resting-state fMRI 
Background: Cognitive disturbances in Parkinson’s disease (PD) is one of the factors that detrimentally impacts the 
patient’s quality of life and contributes to a high disease burden. A quarter of PD patients experience cognitive 
disturbances when diagnosed with PD and ultimately develop dementia (Hely, Reid et al. 2008). Mild cognitive 
impairment (MCI) is common in PD and is a prodromal state of dementia. This study aimed to investigate brain 
connectivity associated with PD-MCI during resting-state fMRI. This may extend understanding of the neurobiology 
of pre-clinical dementia in PD. 
Methods: 14 PD-MCI, 25 PD-NC (normal cognition) and 22 age and gender-matched healthy controls (HC) were 
scanned (3T Siemens PRISMA). PD-MCI was diagnosed using a comprehensive cognitive battery according to the 
recommended diagnostic criteria (Litvan, Goldman et al. 2012). Seed-based functional connectivity analysis was 
performed to identify altered connectivity between seeds in the default mode networks (DMN), frontoparietal 
network (FPN), and dorsal attention network (DAN) to other regions between groups. 
Results: PD-MCI and PD-NC showed no significant difference in PD related measures such as PD duration, 
UPDRS-III, HY stage, and LEDD. MPFC in DMN to bilateral cerebellar vermis (VI) showed a significant increase 
in connectivity in PD-MCI compared to PD-NC and HC, with PD-NC having a significant decrease in connectivity 
compared to both PD-MCI and HC. Compared to PD-NC, PD-MCI showed up-regulated functional connectivity 
between Left FPF and bilateral IPS seeds in DAN and IFG, STG and parietal regions. However, there was no 
difference between PD-MCI and HC. 
Conclusions: Increased functional connectivity between MPFC and bilateral cerebellar vermis in PD-MCI 
emphasise the important role of the cerebellum in cognition. The previous study also reported the possibility of the 
compensatory prefrontal cortical-cerebellar loop in PD-MCI (Zhan, Lin et al. 2018). Furthermore, increased 
functional connectivity in PD-MCI between DAN and other regions could be a compensatory effect. Despite 
prominent cognitive deficit in PD-MCI, PD-MCI is still not in a state of dementia. Longitudinal studies will provide 
in-depth knowledge of altered functional connectivity in cognitively impaired PD. 
References: Hely, M. A., W. G. J. Reid, M. A. Adena, G. M. Halliday and J. G. L. Morris (2008). ‘The Sydney 
multicenter study of Parkinson's disease: The inevitability of dementia at 20 years.’ Movement Disorders 23(6): 
837-844. Litvan, I., J. G. Goldman, A. I. Tröster, B. A. Schmand, D. Weintraub, R. C. Petersen, B. Mollenhauer, C. 
H. Adler, K. Marder, C. H. Williams‐Gray, D. Aarsland, J. Kulisevsky, M. C. Rodriguez‐Oroz, D. J. Burn, R. A. 
Barker and M. Emre (2012). ‘Diagnostic criteria for mild cognitive impairment in Parkinson's disease: Movement 
Disorder Society Task Force guidelines.’ Movement Disorders 27(3): 349-356. Zhan, Z. W., L. Z. Lin, E. H. Yu, J. 
W. Xin, L. Lin, H. L. Lin, Q. Y. Ye, X. C. Chen and X. D. Pan (2018). ‘Abnormal resting‐state functional 
connectivity in posterior cingulate cortex of Parkinson's disease with mild cognitive impairment and dementia.’ 
CNS Neuroscience & Therapeutics 24(10): 897-905. 

This article is protected by copyright. All rights reserved.



 

This article is protected by copyright. All rights reserved.



 

1995 
Gray matter substrates of depression in blepharospasm 
J. Yang, Y.B. Hou, Q.Q. Wei, R.W. Ou, W. Song, B. Cao, H.F. Shang (Chengdu, China) 
Objective: This study aimed to investigate the cortical and subcortical gray matter (GM) volume substrates of 
depressive symptom in patients with BSP. 
Background: Primary blepharospasm (BSP), a common adult-onset primary dystonia, is characterizes by motor 
symptoms and also has various nonmotor symptoms. Depression is one of the prevalent nonmotor symtoms, which 
would affect the quality of life for these patients. The pathophysiology of depressive symptom in BSP is unclear. 
Methods: Thirty-one patients with BSP and 31 healthy controls (HC) without cognitive or mood impairment were 
recruited. All subjects underwent 3-T magnetic resonance imaging and completed the 24-item Hamilton rating scale 
(HDRS) for depression. The motor symptoms of patients were evaluated by Jankovic rating scale (JRS). Voxel-
based morphometry analysis was performed to assess GM in cortical and subcortical structures. Between-group 
comparisons and regressions were performed. 
Results: BSP patients with depressive symptoms (HDRS≥8) showed lower GM volume in postcentral gyrus and 
middle occipital gyrus compared to HC and BSP patients without depressive symptoms. In BSP patients, higher 
HDRS scores were associated with lower GM volumes in postcentral gyrus, middle occipital gyrus, angular gyrus 
and parahipppcampa gyrus. 
Conclusions: Depressive symptoms in BSP patients were related to patterns of cortical and subcortical GM volume 
loss. 

1996 
Patterns of brain activity linked to Mild Behavioral Impairment in Parkinson’s disease 
E.J. Yoon, Z. Ismail, M. Kibreab, T. Hammer, J. Cheetham, I. Kathol, M. Ramezani, S. Lang, J. Sarna, D. Martino, 
S. Furtado, O. Monchi (Calgary, AB, Canada) 
Objective: To evaluate the association between Mild Behavioral Impairment (MBI) and pattern of brain activity 
during a set-shifting task in Parkinson’s disease (PD). 
Background: MBI is a neurobehavioral syndrome characterized by later life emergence of sustained 
neuropsychiatric symptoms (NPS), as an at-risk state for incident cognitive decline and dementia [1]. Prior studies 
have been reported that NPS have a negative impact on cognitive abilities in PD patients [2], and we have recently 
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revealed a strong correlation between MBI and cognitive performance [3]. However, the underlying neural activity 
patterns linked to MBI in PD are unknown. 
Methods: Sixty non-demented PD patients were scanned by fMRI during performance of the Wisconsin Card 
Sorting Task (WCST). MBI was evaluated using MBI-checklist (MBI-C) [4], and PD patients were divided into two 
groups, PD-MBI and PD-noMBI, based on the cut-point of 7.5 [5,6]. For fMRI data, two contrasts were computed, 
receiving negative feedback vs. receiving positive feedback (planning a set-shift) and matching following negative 
feedback vs. matching following positive feedback (executing a set-shift) [7]. 
Results: Among 60 PD patients, 18 were categorized as PD-MBI [table1]. There were no group differences in mean 
reaction times and error rates for the WCST [table2]. During planning a set-shift, PD-noMBI showed significant 
activity in the prefrontal, parietal and lateral occipital areas, caudate nucleus, and thalamus bilaterally. However, 
PD-MBI showed significant activation only in left prefrontal and lateral occipital area. During executing a set-shift, 
PD-noMBI revealed significant activation in the bilateral frontal and parietal area, but PD-MBI had no significant 
activation [figure1]. In group comparisons, PD-MBI revealed less activity in the right frontoparietal area while 
planning a set-shift compared to PD-noMBI [figure2]. While executing a set-shift, there was no group difference in 
brain activity, but we found negative correlations of MBI-C total scores with the left parahippocampal cortex 
activity in the all PD patients [figure3]. 
Conclusions: We found that MBI is associated with deficiency of activation in the frontoparietal and the medial 
temporal regions during cognitive set-shift task. These results suggest that MBI affects posterior cortical circuits that 
has been associated with a faster rate of progression to dementia [8] as well as executive impairment in PD. 
References: 1. Ismail Z, Smith EE, Geda Y, et al. Neuropsychiatric symptoms as early manifestations of emergent 
dementia: Provisional diagnostic criteria for mild behavioral impairment. Alzheimers Dement. 2016;12(2):195-202. 
2. Hanganu A, Monchi O. Interaction Between Neuropsychiatric Symptoms and Cognitive Performance in 
Parkinson's Disease: What Do Clinical and Neuroimaging Studies Tell Us? Curr Neurol Neurosci Rep 2018;18:91 3. 
Yoon EJ, Ismail Z, Hanganu A, Kibreab M, Hammer T, Cheetham J, Kathol I, Sarna J, Martino D, Furtado S, 
Monchi O. Mild Behavioral Impairment is linked to worse cognition and brain atrophy in Parkinson’s disease. 
Neurology. In revision. 4. Ismail Z, Aguera-Ortiz L, Brodaty H, et al. The Mild Behavioral Impairment Checklist 
(MBI-C): A Rating Scale for Neuropsychiatric Symptoms in Pre-Dementia Populations. J Alzheimers Dis 
2017;56:929-938. 5. Mallo SC, Ismail Z, Pereiro AX, et al. Assessing mild behavioral impairment with the mild 
behavioral impairment checklist in people with subjective cognitive decline. Int Psychogeriatr 2018:1-9. 6. Mallo 
SC, Ismail Z, Pereiro AX, et al. Assessing Mild Behavioral Impairment with the Mild Behavioral Impairment-
Checklist in People with Mild Cognitive Impairment. J Alzheimers Dis 2018;66:83-95. 7. Monchi O, Petrides M, 
Petre V, Worsley K, Dagher A. Wisconsin Card Sorting Revisited: Distinct Neural Circuits Participating in 
Different Stages of the Task Identified by Event-Related Functional Magnetic Resonance Imaging. J Neurosci 2001 
;21(19) :7733-7741. 8. Williams-Gray CH, Evans JR, Goris A, et al. The distinct cognitive syndromes of Parkinson's 
disease: 5 year follow-up of the CamPaIGN cohort. Brain 2009;132:2958-2969. 
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1997 
Multimodal PET and fcMRI reveals regional modulation by STN DBS correlating to motor outcomes 
J. Younce, A. Tanenbaum, M. Campbell, J. Perlmutter, S. Norris (St Louis, MO, USA) 
Objective: To define brain networks modulated by deep brain stimulation (DBS) of the subthalamic nucleus (STN) 
and correlate connectivity with motor outcomes. 
Background: STN DBS is an effective treatment for Parkinson disease (PD), but predictors of clinical response are 
limited. 15O PET reveals changes in brain activity in DBS without many of the methodological difficulties found in 
fMRI related to device safety and unpredictable MRI artifact. Regional changes in blood flow during STN DBS 
have been observed with 15O PET and in some cases correlate with clinical outcomes. A multimodal approach 
associating blood flow changes during STN DBS and motor outcomes with preoperative functional connectivity 
(BOLD MRI) may permit improved prediction of clinical response to DBS. 
Methods: 41 participants with STN DBS had 15O PET in OFF, unilateral dorsal STN stimulation ON, and 
unilateral ventral STN stimulation ON conditions, and we compared rCBF using paired T-tests. We used a whole-
brain approach in addition to an a priori set of regions to identify responses to STN DBS. We used these regions for 
seed-based correlation in 74 participants with STN DBS and preoperative resting state fcMRI, as well as 300 seeds 
divided into 17 canonical networks. Connectivity of each PET-defined region to STN and intra-network seeds were 
correlated to change in UPDRS after DBS. 
Results: DBS produced significant changes in 19 regions in the PET analysis. Connectivity of each region to 
canonical networks using fcMRI revealed that these activations pertained to basal ganglia, thalamic, salience, dorsal 
sensorimotor, default mode, parietal memory, medial temporal, and frontoparietal networks. Connectivity of left 
STN to ipsilateral internal globus pallidus strongly correlated with motor outcomes (R = -0.416, p <0.001), with 
higher connectivity being associated with greater improvement in motor outcomes. Primary motor cortex 
connectivity to sensorimotor network was the network-level connectivity most correlated with change in motor 
scores after DBS. 
Conclusions: DBS modulates a diverse set of brain regions. These regions not only pertain to networks typically 
associated with motor activity, e.g. basal ganglia, thalamic, and sensorimotor networks, but also memory, executive 
and associative functions. Motor outcomes are highly associated with STN connectivity to particular regions 
modulated by DBS. 

1998 
Structural changes in non-manifesting GBA mutation carriers and GBA mutation carriers with Parkinson’s 
disease 
T. Yousaf, M. Kershaw, V. Suarez Contreras, P. Vickers, G. Pagano, M. Politis (London, United Kingdom) 
Objective: We aimed to investigate whether GBA mutations are associated with structural abnormalities in a cohort 
of GBA mutation carriers with and without manifested PD. 
Background: The glucocerebrosidase gene (GBA) encodes for a lysosomal enzyme responsible for the conversion 
of glucocerebroside into glucose and ceramide and serves as a common risk factor for Parkinson’s disease (PD). 
Methods: Subcortical structural and white-matter cerebral abnormalities were assessed using voxel-based 
morphometry (VBM) and diffusion tensor imaging (DTI), respectively, in 86 non-manifesting GBA mutation 
carriers (GBA-NM), 37 GBA mutation carriers with PD (GBA-PD), 392 idiopathic PD (iPD) patients and 182 
Healthy Controls (HC). We compared grey matter volume and mean diffusivity (MD) measurements amongst these 
groups to determine GBA-specific structural brain changes. 
Results: GBA-NM and GBA-PD exhibited increased grey matter volume in the dorsal raphe, midbrain, midbrain 
reticular formation and pedunculopontine nucleus (P<0.05), compared to HC and iPD, respectively, with GBA-NM 
and GBA-PD exhibiting reduced MD in the midbrain. GBA-NM demonstrated additional increases of grey matter 
volume in the hypothalamus, substantia nigra, median raphe and ventral tegmental area (P<0.05), with reduced MD 
in the hypothalamus and substantia nigra compared to HC. 
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Conclusions: We demonstrate that GBA gene mutation carriers exhibit increased grey matter volume in subcortical 
and brainstem regions, which is evident prior to the onset of parkinsonian symptoms. These findings illustrate 
morphological alterations of GBA-associated parkinsonism. 
*This abstract was also submitted for presentation at the 2019 European Academy of Neurology conference. 

1999 
Comparison between [11C]PE2I PET and [123I]FP-CIT SPECT as markers of DAT expression in early 
Parkinson’s disease 
T. Yousaf, G. Pagano, H. Wilson, B. Corcoran, G. Vivian, M. Politis (London, United Kingdom) 
Objective: To compare single-photon emission computed tomography (SPECT) with [123I]FP-CIT and positron 
emission tomography (PET) with [11C]PE2I as markers of dopamine transporter (DAT) loss in patients early 
Parkinson’s disease including those who have never been treated. 
Background: Although [123I]FP-CIT-SPECT uptake aids the differentiation of non-neurodegenerative 
parkinsonism from degenerative forms, it has been attached to several limitations, including mild to moderate 
affinity for serotonin transporter and lack of specificity and sensitivity in differential diagnosis of neurodegenerative 
parkinsonisms. [11C]PE2I has been shown to have a 30-fold higher affinity and selectivity for DAT over the 
norepinephrine and serotonin transporter, with a higher specificity for Parkinson’s disease compared to other 
neurodegenerative parkinsonisms. 
Methods: We enrolled 48 subjects, of which 16 early de novo, 16 early levodopa-treated patients with Parkinson’s 
disease, and 16 age- and gender-matched healthy controls. All participants underwent [123I]FP-CIT-SPECT and 
[11C]PE2I-PET imaging to assess DAT expression. 
Results: [123I]FP-CIT-SPECT SBR and [11C]PE2I-PET BPND showed profound loss in caudate and putamen in 
Parkinson’s disease patients (P<0.001). [123I]FP-CIT-SPECT SBR and [11C]PE2I-PET BPND in the putamen were 
correlated with disease duration and motor symptoms burden. The loss of [11C]PE2I-PET BPND was greater than 
the loss of [123I]FP-CIT-SPECT SBR in the putamen (–11%, P<0.01), globus pallidus external (–14%,P<0.01) and 
internal (–16%, P<0.001), and substantia nigra (–21%, P<0.01) in Parkinson’s disease patients. We then compared 
early levodopa-treated Parkinson’s disease patients, (who had a longer disease duration of 36 months), with de novo 
Parkinson’s patients. Early levodopa-treated Parkinson’s disease patients exhibited an additional 30% loss of 
[11C]PE2I-PET BPND in the putamen (P<0.001; reflecting a 10% mean annual decline), whereas [123I]FP-CIT-
SPECT SBR revealed a loss of only 17% in the putamen (P<0.001; reflecting a 5.6% mean annual decline). 
Conclusions: Our findings demonstrate that [123I]FP-CIT-SPECT and [11C]PE2I-PET are both robust markers to 
measure loss of DAT expression in patients with early Parkinson’s disease; however [11C]PE2I-PET shows a 
superior ability to detect a higher magnitude of DAT expression change. 

2000 
Registration Algorithm of DBS Preoperative Image and ICBM-152 Atlas 
H. Zheng, S. Luo, S. Cao, D. Huang, C. Xu (Nanjing, China) 
Objective: As we all know, there would be some distortions of electrodes or even distortions of patient's brain 
images when matching the brain atlases with preoperative images before Deep Brain Stimulation (DBS) surgical 
treatment in previous studies [1,2,3]. In our research, we normalized these clinical images to the coordinate space of 
the atlas, followed by coarse registration and accurate registration. Finally, the high precision matching between 
clinical data and brain atlas data was achieved. 
Background: DBS surgery is an important treatment for the patients with Parkinson's disease. Before DBS surgery, 
the surgical planning and preoperative navigation are needed. Preoperative navigation is a process of identifying 
deep brain tissues, also is a key part that directly determines the effect of the surgery. Human brain atlas is a 
powerful tool to reflect the anatomical location and shape information of human brain tissue. Thus, the registration 
between brain atlases and preoperative images is an effective method to realize accurate preoperative navigation and 
nucleus recognition before DBS treatment. 
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Methods: In this research, we chose ICBM-152 atlas, which was widely used and had many sub-atlases, as the 
standard atlas data. Based on this, we studied the registration of preoperative images and brain atlases. First of all, 
the preoperative images were standardized to the coordinate space of the atlas, and then the piecewise linear 
registration was used to coarsely map the spectrum, so that the sizes, the shapes and the outer contours of the two 
could be in good agreement. At last, non-rigid registration of the brain atlas with preoperative data was achieved 
using mutual information as a measure of similarity. 
Results: This method can calculate personalized brain atlas for each patient. The experimental results show that the 
mutual information between the original clinical image and the brain atlas can be increased to 1.217 compared with 
0.558 in the initial stage of the experiment. 
Conclusions: In this paper, we made mid-sagittal correction of preoperative images, and this enabled the images 
and ICBM-152 atlases consistent in space. After that, we made a further correction of the images with the method 
named of the piecewise linear registration, and followed with non-rigid registration. By doing those, we successfully 
realized the accurate matching between the preoperative images and ICBM-152 atlases. 
References: [1] Andreas H,Kühn AA.Lead-DBS: a toolbox for deep brain stimulation electrode localizations and 
visualizations[J]. Neuroimage, 2015, 107(107):127-135. [2] Videen TO,Campbell MC,Tabbal SD,et al.Validation of 
a fiducial-based atlas localization method for deep brain stimulation contacts in the area of the subthalamic 
nucleus[J].J Neurosci Meth,2008,168(2):275. [3] Silva NMD,Rozanski VE,Cunha JPS.A 3D multimodal approach 
to precisely locate DBS electrodes in the basal ganglia brain region[A].International IEEE/EMBS Conference on 
Neural Engineering, IEEE[C].2015. 

2001 
Motor Symptoms in Typical Brain Aging 
J. Zitser, K. Casaletto, A. Staffaroni, C. Sexton, A. Wolf, J. Brown, B. Miller, J. Kramer (San Francisco, CA, USA) 
Objective: To characterize the longitudinal neural correlates of parkinsonian signs among otherwise functionally 
normal older adults. 
Background: Mild parkinsonian signs are often evident during the clinical examination of older adults without 
known neurological disease or Parkinson’s disease (PD). The prevalence of such signs increases with age, with up to 
half of community dwelling adults aged 85 years and older demonstrating some parkinsonian symptoms, yet the true 
meaning of these motor changes in the “healthy” aging populations are not well understood. Disrupted basal ganglia 
circuits are the hallmark neural correlate of these motor symptoms in PD and correlates with clinical indices of 
disease severity. However, it is unclear if mild parkinsonian signs are associated with similar hallmarks in a 
population of typically aging adults. 
Methods: 627 community-dwelling older adults (baseline ages 55-99 years) who completed the measure of interest 
(UPDRS), were functionally intact as operationalized by a 0 on the Clinical Dementia Rating (CDR) scale were 
included in the analysis. T1-weighted MP-RAGE structural scan and task-free functional MRI (tfMRI) scans were 
acquired. During tf-fMRI acquisition, participants were asked to close their eyes and concentrate on their breath. To 
determine the relationship between changes in UPDRS and neural changes, we conducted mixed-effects models in 
which we decomposed UPDRS into within- and between-subject components with age, sex and education as 
covariates. 
Results: Within-person increases in UPDRS scores were significantly associated with reduced synchrony of intra-
subcortical network connectivity over time (p=0.029). Between-person effects were not significant (p=0.284). 
Models examining the relationship between UPDRS and intra-frontoparietal executive network and inter 
subcortical-executive network connectivity did not show significant within-person or between-person results 
(p>0.211). 
Conclusions: Our findings extend the typical aging literature by indicating that motor symptoms may function along 
a continuum. Similar to how mild cognitive impairment represents the stage of cognitive decline between normal 
aging and dementia; mild parkinsonian symptoms could represent the mild end of a disease spectrum that spans 
from normal aging to a parkinsonian disease. 
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Surgical Therapy 

2002 
Development of an unsupervised analysis pipeline for human microelectrode recordings 
S.F. Abalde, M.D. Mendonça, G. Marques, R. Matias, R. Barbosa, C. Reizinho, A. Seromenho-Santos, P. Pires, P. 
Bugalho (Lisbon, Portugal) 
Objective: Our aim is to develop computational tools that can assist clinical decision in Deep Brain Stimulation 
(DBS) for Parkinson's disease (PD) using intraoperative microelectrode recordings (MER). Different approaches 
were defined: 1) Construction of a generalizable and automatic tool for spike sorting and analysis of human MER 
with extraction of features; 2) Development of an unbiased classification model to distinguish STN from non-STN 
MER; 3) Identification of MER features that distinguish sensorimotor subdivision of STN vs. limbic and associative. 
Background: DBS is a common treatment for advanced PD patients. Intra-operative MER along pre-planned 
trajectories are often used for accurate identification of STN, a common target for DBS-PD. However, this 
identification can be difficult in regions of transition and misidentification can lead to suboptimal location of the 
lead and inadequate clinical outcomes. 
Methods: Tools for unsupervised analysis, spike-sorting and extraction of related features of human MER were 
developed. A machine-learning classification model for high-accuracy identification of STN was programmed, 
using MER time and frequency properties. Neurophysiological characteristics of segregated STN segments were 
compared by dividing the STN in dorsal and ventral portions, which present higher probability of being motor (area 
of major interest within the STN) and non-motor regions respectively. Ongoing work will refine the results using 
anatomical gold standard through lead trajectory reconstruction, fused with an STN functional subdivision atlas. 
Results: Using leave-one-subject-out validation, classification accuracy for STN-DBS recordings is 96.3±3.15% (30 
trajectories, 5 patients; compared to human expert classification). Significant preliminary differences between STN 
segments were found (357 STN neurons in 5 subjects), as higher burst and firing rate of dorsal STN neurons 
(median (interquartile range) of 1.8(1.5) vs 1.15(0.05) bursts/s, p=0.001 and 21.4(16.85) vs. 15.3(14.33) spikes/s, 
p=0.013 respectively). 
Conclusions: We’ve developed tools for human MER analysis, that provided good results in STN classification and 
are fast and generalizable for other brain regions. In line with the literature, preliminary activity differences were 
found in segregated STN segments. Ongoing anatomical work can further validate its’ usefulness in optimizing 
electrode placement and research purposes. 

2003 
The concept of a ‘long lesion’ in thalamic/Zona inserta DBS for MS tremor suppression 
S. Alusi, B. Hammersley, J. Somerset, P. Eldridge, J. Farah (Liverpool, United Kingdom) 
Objective: To look at whether DBS programming to create a long field of stimulation in the thalamus-zona inserta 
(ZI) area is more effective, than traditional ways of programming in suppressing multiple sclerosis tremor. 
Background: Whilst it is well established that deep brain stimulation is highly effective for the suppression of some 
tremor conditions such as essential, dystonic and parkinsonian tremor, its effect in multiple sclerosis (MS) related 
tremor is less impressive and it is often used as a palliative procedure to facilitate patient’s care . Further more, the 
effect of thalamic DBS in MS has been reported to wear off with time 1, 2. However, the development of the long 8 
contact leads has helped to create larger fields of stimulation. This technology could theoretically be used to 
simulate a ‘big thalamic lesion’ to control large amplitude, proximal tremors. 
Methods: We retrospectively looked at the outcomes of patients in our centre that had undergone thalamic/ZI DBS 
for MS tremor, using an 8 lead contact and in which this approach of programming was adopted, either because the 
traditional single area monopolar or bipolar setting was ineffective from the start or because efficacy wore off with 
time. The Fahn-Tolosa-Marin tremor rating score (FTM) scores at baseline and at 12 months after switching to the 
above stimulation settings were studied. Four patients underwent this approach, 3-5 years postoperatively. Good 
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tremor suppression was achieved in all 4, with an improvement range of 19-48 % on the FTM, and with 
demonstrable functional gain. 
Results: Four patients underwent this approach of programming, 3-5 years postoperatively. Good tremor 
suppression was achieved in all 4, with an improvement range of 19-48 % on the FTM, and with demonstrable 
functional gain. 
Conclusions: A long field of stimulation in the thalamic and zona inserta areas can improve efficacy of DBS in 
treating MS related tremor. 
References: 1. Bilateral stimulation of the caudal zona incerta nucleus for tremor control. Plaha P1, Khan S, Gill 
SS. J Neurol Neurosurg Psychiatry. 2008 May;79(5):504-13. 2. Surgical therapy for multiple sclerosis tremor: a 12-
year follow-up study. Hassan A, Ahlskog JE, Rodriguez M, Matsumoto JY. Eur J Neurol. 2012 May;19(5):764-8. 

2004 
Interleaved deep brain stimulation for dyskinesia management in Parkinson’s disease 
C. Aquino, G. Duffley, D. Hedges, J. Vorwerk, P. House, H. Ferraz, J. Rolston, C. Butson, L. Schrock (Salt Lake 
City, UT, USA) 
Objective: To evaluate the clinical effects of using interleaving stimulation to simultaneously treat Parkinson’s 
disease (PD) symptoms and dyskinesia by the generation of two symptom-specific volume of tissue activation 
(VTA) areas in patients with subthalamic (STN) deep brain stimulation (DBS). 
Background: A direct and acute effect on dyskinesia has been reported with stimulation adjustment in PD patients 
with STN DBS despite medication reduction[1]. Interleaving stimulation (ILS) is a programming option to optimize 
stimulation involving multiple areas of interest and alleviating stimulation side effects[2-4]. 
Methods: Retrospective analysis of patients implanted with STN DBS receiving ILS for dyskinesia treatment. The 
main outcomes of the study were improvement of motor symptoms by the UPDRS III and improvement of 
dyskinesia by the CAPSIT dyskinesia scale. Individual VTA models and heat maps were used to identify stimulation 
sites with anti-dyskinesia effect. 
Results: Baseline clinical characteristics: Mean UPDRS III (33.9 ±11.0) off medication and (16.0 ±5.9) on 
medication; CAPSIT dyskinesia score ((12.9±7.1); UPDRS IV (8.5 ±3.8), LEDD (1268 ±498) mg/day. With non-
ILS the mean UPDRS III improvement was: 56 ±22% off med/on stim from off med at baseline (p<0.001), and 70.2 
±19.2% on med/on stim relative to the off med at baseline (p <0.001). The CAPSIT dyskinesia score improved by 
70 ±20,6% compared to baseline (p <0.003). After the transition to ILS, the CAPSIT dyskinesia improved 82.0 
±27.3% relative to baseline (p<0.001) and 61.6 ±39.3% relative to non-ILS (p=0.006). There was no significant 
change in the UPDRS III score in the on med/on stim condition, however, there was slight deterioration (5.0 ±11 
points; p=0.16)in the UPDRS III off med/on stim relative to non-ILS. There was no correlation between the LEDD 
reduction and CAPSIT dyskinesia improvement with ILS (p=0.75). The heat map analysis showed a concentration 
of the VTA’s within or bordering the STN during non-ILS. The ILS with the anti-dyskinesia effect generated a 
concentration of VTA’s above and laterally to the STN, likely involving the pallidofugal fibers. 
Conclusions: DBS of the STN using ILS was more effective in suppressing dyskinesia directly, regardless of 
medication adjustment.Our results encourage the approach of delivering stimulation through dorsal DBS contacts 
using ILS to engage pallidofugal fibers and obtain a direct anti-dyskinesia effect. 
References: 1. Herzog J, Pinsker M, Wasner M, et al. Stimulation of subthalamic fibre tracts reduces dyskinesias in 
STN-DBS. Mov. Disord. 2007;22(5):679–684. 2. Kern DS, Picillo M, Thompson JA, et al. Interleaving Stimulation 
in Parkinson's Disease, Tremor, and Dystonia. Stereotact Funct Neurosurg 2018;96(6):379–391. 3. Miocinovic S, 
Khemani P, Whiddon R, et al. Outcomes, management, and potential mechanisms of interleaving deep brain 
stimulation settings. Parkinsonism and Related Disorders 2014;20(12):1434–1437. 4. Ramirez-Zamora A, Kahn M, 
Campbell J, et al. Interleaved programming of subthalamic deep brain stimulation to avoid adverse effects and 
preserve motor benefit in Parkinson's disease. J Neurol 2015;262(3):578–584. 
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2005 
Directional stimulation for Dystonic tremor 
I. Aviles-Olmos, M. Alegre, J. Artieda, J. Guridi, M. Rodriguez-Oroz (Pamplona, Spain) 
Objective: Is our aim to present our experience with bilateral directional thalamic DBS for DT. 
Background: Dystonic tremor(DT) is characterized by coexisting tremor and abnormal dystonic posturing in the 
same body segment. DT is often medically refractory and deep brain stimulation (DBS) is a valid therapeutic option. 
However, the optimal surgical target remains uncertain with Vim, GPi, Vop and PSA/zona incerta reported as 
effective. The severity of the dystonia may alter the thinking about optimal targeting. 
Methods: A 27-year-old female with DT presents in our Unit of Functional Neurosurgery for evaluation of DBS 
candidacy. Examination revealed subtle dystonic features as well as a disabling postural-action bilateral upper limb 
tremor. Her brain and cervical spine MRI were both normal. Neurophysiological test showed dystonic and rhythmic 
bursts of EMG at 5Hz on both upper arms. There was no improvement upon treatment with L-dopa. 
The patient was bilaterally implanted with directional leads Vercise Gevia™, (Boston Scientific) in the thalamus, 
with the aim to stimulate both nucleus; Vim and Vop in July 2018. She underwent an extended programming session 
of her DBS system 6 days post-surgery. The programming session followed the procedure of a standard monopolar 
review, in which for each electrode configuration current thresholds were determined for complete tremor control 
and the first adverse event limiting further current increase. At 3 months follow up dorsal contacts were added, 
adjusting the stimulation parameters with the aim of targeting Vop and to improve dystonic features. 
Results: The current programming settings(6m FU) are for left Vim/Vop: 2-,3-,4-(30-30-30%)and 5-6-
(7,3%);3,2mAmp, 60usec, 130Hz and right Vim/Vop; 10-(90%)and 13-,14-(5,5%) 2.7mAmp, 60usec, 130Hz. At 
6mFU she had an improvement of 33-50 and 17,6% in CRST (part A-B and C).And she has started to work as 
nursing assistant. 
Conclusions: The presence of dystonic features alter DBS target selection in DT. Though Vim is usually the first 
target attempted when postural-action tremor is the main complaint. Occasionally, a second rescue DBS lead may be 
necessary. The promise of a single target to reliably improve both tremor and dystonia in an individual case remains 
unclear. The use of directional leads could help to sort out this dilemma. 

2006 
Is Microelectrode Recording mandatory for Deep Brain Stimulation in Parkinson’s disease? 
J. Bajaj, M. Singh, V. Goyal, S. Girishan, K. Garg (Delhi, India) 
Objective: To find whether microelectrode recording (MER) is mandatory for deep brain stimulation (DBS) in 
Parkinson’s disease. 
Background: DBS is traditionally done using MER guidance. This can increase the precision, but at the cost of 
multiple electrodes traversing the brain, which in turn increases the chances of hemorrhage, operative duration, and 
cost. 
Methods: Subthalamic nucleus (STN) DBS done without MER were analyzed with the retrospective data of DBS 
done with MER. Primary outcome assessed was preoperative and postoperative UPDRS scores. Secondary 
outcomes were the subjective improvement for tremor, rigidity, bradykinesia, dyskinesia, postural instability, and 
gait. Complications and need for revision surgery were also noted. 
Results: Thirty-nine patients underwent MER and 29 without MER. There were significant improvement in UPDRS 
(I-IV) scores from 60.75±15.66 to 33.04±10.45 (P=0.001) in ON-stage, and 26.68±10.65 to 20.76±1.45 (P<0.001) in 
OFF-stage with no intergroup difference. Percentage reduction after surgery in either groups for tremors was 82.67 
and 82.65 (P=0.99), rigidity 78.24 and 74.76 (P=0.57), bradykinesia 73.53 and 64.52 (P=0.08), dyskinesia 91.47 and 
89.29 (P=0.67), postural instability 64 and 68.33 (P=0.4) and improvement in gait was 64.29 and 63.53 (P=0.89). 
Drugs could be reduced in all patients. There was one infection in MER group (requiring replacement) and no 
hemorrhage/death. 
Conclusions: After attaining adequate experience with stereotaxy and DBS, one can forego MER in STN-DBS. It 
can save valuable operative time, cost and reduces the risk of hemorrhage. 
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The poster has been presented at the Biennial meeting of American society of stereotactic and functional 
neurosurgery in June 2018 at Denver, USA. 

2007 
One-year follow-up of subthalamic deep brain stimulation in Parkinson's disease 
L. Barcelos, M. Tosin, M. Marinho, C. Silva, R. Saba, S. Silva, V. Borges, H. Ferraz (Sao Paulo, Brazil) 
Objective: To report the results of one-year follow-up of subthalamic deep brain stimulation in Parkinson's disease 
on 19 patients bilaterally implanted at Federal University of São Paulo. 
Background: Deep Brain Stimulation of the Subthalamic Nucleus (STN-DBS) is an effective treatment for 
Parkinson’s disease (PD). The short and long-term benefits of bilateral stimulation in patients with advanced 
Parkinson's disease have been well documented. 
Methods: We conducted a one-year prospective study of the 19 subjects treated with bilateral stimulation of the 
subthalamic nucleus. Patients were assessed preoperative and also follow-up at 12 months after DBS, applying the 
Unified Parkinson's Disease Rating Scale (UPDRS) and the Unified Dyskinesia Rating Scale (UDysRS). The quality 
of life was assessed by the Parkinson’s Disease Questionnaire-39 Items (PDQ-39), and the presence of mood 
changes was determined by applying Beck Depression Inventory (BDI). At 12 months post-DBS in the optimal 
setting compared to pre-DBS and subjects were tested in two conditions (on and off DBS). 
Results: The study enrolled 19 patients. The mean age of onset was 55.7 ± 10.1 years, and the mean disease 
duration was 10.5 ± 5.1 years. We analyses the influence of DBS surgery compared the pre-DBS with post-DBS 
performance at 12 months, when patients were on their optimal stimulation setting. Before surgery motor symptoms 
on the UPDRS in the off-medication showed mean 58.3 ± 16.2, and on-medication the score was 26.5 ± 11.8. At 12 
months follow-up STN-DBS the UPDRS mean was 29.1 ± 10.9 in off-medication and on-medication was 18.3 ± 
10.2. With stimulation, UPDRS in the off-medication condition improved by 50.1% after 12 months. There was an 
overall 37.4% reduction in the LED intake after one year of stimulation. After 12 months, the quality of life of the 
PDQ-39, including mobility and activities of daily living improved respectively, 48.2% and 41.7%. The depression 
scale BDI before DBS was 10.8 ± 6.6 points, and after 12 months BDI mean was 7.0 ± 5.3. Clinical data of the 
patients are summarized in Figure 1. 
Conclusions: This study demonstrated positive benefits in motor and mood function after 12 months follow-up of 
STN-DBS. The improvements in motor outcomes, activity of daily living observed were similar to those reported by 
the others DBS study. Bilateral subthalamic nucleus stimulation is effective in the treatment of PD. 
References: [1] Williams A, Gill S, Varma T, Jenkinson C, Quinn N, Mitchell R, et al. Deep brain stimulation plus 
best medical therapy versus best medical therapy alone for advanced Parkinson’s disease (PD SURG trial): a 
randomised, open-label trial. Lancet Neurol 2010;9:581-91. [2] Deuschl G, Schade-Brittinger C, Krack P, Volkmann 
J, Schafer H, Botzel K, et al. A randomized trial of deep-brain stimulation for Parkinson’s disease. N Engl J Med 
2006;355:896-908. [3] Schuepbach WM, Rau J, Knudsen K,Volkmann J, KrackP,Timmermann,et al. 
Neurostimulation for Parkinson’s disease with early motor complications. N Engl J Med 2013;368:610-22. [4] 
Krack P, Batir A, Van Blercom N, Chabardes S, Fraix V, Ardouin C, et al. Five-year follow-up of bilateral 
stimulation of the subthalamic nucleus in advanced Parkinson’s disease. N Engl J Med 2003;349:1925-34. [5] 
Hamani C, Richter E, Lozano A. Bilateral subthalamic nucleus stimulation for Parkinson's disease: a systematic 
review of the clinical literature. Neurosurgery 2005; 56:1313-1324. 
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2008 
Unscheduled disruption of Deep Brain Stimulation (DBS) in Parkinson's Disease (PD) 
A. BLAIN, O. Lagha-Boukbiza, O. Gebus, M. Anheim, C. Tranchant (Strasbourg, France) 
Objective: This is a descriptive study about consequences and management of unscheduled DBS disruption in 12 
PD patients. 
Background: Unscheduled DBS disruption may  occur mainly due to unanticipated battery depletion or to local 
infectious issues  needing rapid battery ablation. The management of oral therapies in this particular situation as well 
as clinical outcomes have not yet been clearly described. 
Methods: Unscheduled DBS disruption was retrospectively identified in 12 patients from our cohort of 282 PD 
patients with DBS . We report  clinical complications found in these patients, and compared  them 
to  disease  and  neurostimulation  history , equivalent levodopa daily doses (EDD) and unit dose (UD) before DBS 
instauration, after its unscheduled disruption and following  its replacement. 
Results: An important increase of EDD (266%) and UD (36%) was necessary in all patients during the unscheduled 
DBS disruption. This increase remained noticeable following DBS replacement for both EDD (78%) and UD (21%). 
7 patients developed serious clinical complications such as aspiration pneumonia, pulmonary embolism, psychiatric 
disorders and increased axial signs.  Patients with serious adverse events had a longer disease duration (20.14 versus 
18 years) and a longer duration of neurostimulation (11 vs 1.84 years). They also required a greater increase of EDD 
(345.8 vs 153.8mg) and UD (143.55 vs 126.72) and had a longer hospital stay (33.71 days vs 12.2). 
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Conclusions: Sudden DBS disruption led to a major increase of EDD in our patients, correlated with the duration of 
PD progression and neurostimulation. A greater desensitization of dopaminergic receptors due to more advanced 
disease progression might be involved in these patients. 
Further multicenter studies with a larger number of patients are needed to confirm these data. 

2009 
The influence of deep brain stimulation on the Parkinson’s disease brain: functional improvement correlates 
with increased alpha2 and beta band functional connectivity 
L. Boon, W. Potters, A. Hillebrand, R. de Bie, M. Bot, R. Schuurman, C. Stam, F. van Rootselaar, H. Berendse 
(Amsterdam, Netherlands) 
Objective: To further unravel the mechanism of action of optimal deep brain stimulation (DBS) treatment effects in 
Parkinson’s disease (PD), by studying how DBS affects functional interactions between brain regions. 
Background: DBS of the subthalamic nucleus (STN) is an excellent treatment for disabling medication related 
motor response fluctuations in PD, but the mechanism of action is unclear. Locally in the STN, stimulation leads to 
decreases in beta band power parallel to symptom relief [1, 2]. Therefore, beta band oscillations are sometimes 
referred to as “anti-kinetic”. However, recent studies cast doubt on the appropriateness of this label given observed 
functional interactions beyond the STN [3, 4]. 
Methods: Resting-state magnetoencephalography (MEG) recordings and MDS-UPDRS-III scores were acquired in 
18 PD patients with bilateral DBS of the STN, both during stimulation and without stimulation, at least six months 
after surgery. MEG signals were projected to both cortical and subcortical brain regions of interest (ROI) in source 
space, after which we estimated functional connectivity (FC) for each ROI with the rest of the brain, using the 
Amplitude Envelope Correlation, corrected for volume conduction (cAEC). 
Results: Results Distributed throughout the brain, significant changes (both decreases and increases) in alpha2 (10-
13 Hz) and low-beta band 13-22 Hz) FC were observed upon stimulation [table1]. A stronger improvement in 
bradykinesia/rigidity was significantly related to increases in alpha2 and low-beta band FC [figure1, correlations 
only shown for low-beta band). This correlation involved FC at a sensorimotor cortical (rsm = 0.610, p = 0.007), 
whole-cortical (rwc = 0.695, p = 0.001), as well as a subcortical level (rsc = 0.759, p < 0.001). By contrast, tremor 
improvement did not correlate with FC changes [figure1]. 
Conclusions: The present study provides new insight into the mechanism of action of DBS. Our results highlight 
the distributed effects of stimulation on the resting-state brain and suggest that DBS-related improvements in rigidity 
and bradykinesia, but not tremor, may be mediated by an increase in alpha2 and low-beta FC. Beyond the local 
effects of DBS around the STN, FC changes in these frequency bands might therefore be considered as “pro-
kinetic”. 
References: 1. Brown, P. and D. Williams, Basal ganglia local field potential activity: character and functional 
significance in the human. Clin Neurophysiol, 2005. 116(11): p. 2510-9. 2. Kühn, A.A., et al., Reduction in 
subthalamic 8–35 Hz oscillatory activity correlates with clinical improvement in Parkinson's disease. European 
Journal of Neuroscience, 2006. 23(7): p. 1956-1960. 3. Cao, C., et al., Levodopa Reduces the Phase lag Index of 
Parkinson's Disease Patients: A Magnetoencephalographic Study. Clin EEG Neurosci, 2018: p. 1550059418781693. 
4. Hirschmann, J., et al., Differential modulation of STN-cortical and cortico-muscular coherence by movement and 
levodopa in Parkinson's disease. Neuroimage, 2013. 68: p. 203-213. 
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2010 
Dysautonomia as a predictor of cognitive outcome after deep brain stimulation in Parkinson’s disease 
V. Cabreira, P. Castro, J. Freitas, M. Rosas, E. Azevedo (Porto, Portugal) 
Objective: To evaluate cognitive effects of subthalamic nucleus (STN) deep brain stimulation (DBS) in Parkinson’s 
disease (PD) and to investigate whether subclinical autonomic dysfunction may predict cognitive decline after STN 
DBS. 
Background: Cognitive impairment is a recognized non-motor symptom of PD and autonomic dysfunction has 
been proposed as a mechanistic factor. STN DBS has been associated with neuropsychological side effects [1,2]. 
Studies focusing on predictive factors of cognitive outcome have yielded conflicting results. 
Methods: We followed 28 PD patients selected for STN DBS. Autonomic status (spectral analysis of heart rate 
variability (HRV) and baroreflex gain) and broad neuropsychological assessments at baseline and post-surgery were 
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performed.  Linear regression analyses and Pearson’s test were performed to estimate the correlation between 
subclinical dysautonomia and cognitive change scores. 
Results: Patients baseline characteristics are shown [table 1]. Mean follow-up time post-surgery was 7.8±5.4 
months. Unified Parkinson's Disease Rating Scale (UPDRS) part III score significantly reduced after DBS 
(p<0.001). Phonetic verbal fluency (PhVF) worsened significantly after STN DBS (p=0.012) and a tendency to a 
decline in Trail B making test performance was observed (p=0.061) [table 2]. Lower baseline values of high 
frequency of HRV (reduced lower autonomic tonus) correlated with a greater decline in PhVF after surgery, even 
after age adjustment (P<0.001) [figure 1]. This seems independent from a DBS effect on autonomic function as only 
a slight decrease in baroreflex alpha gain was observed (p=0.043) [table 3]. Change in PhVF was not correlated with 
baseline motor score (p=0.80) or PhVF (p=0.81). 
Conclusions: We found a subtle cognitive decline, predominantly affecting PhVF, in line with the literature [2]. 
This is the first study suggesting that subclinical dysautonomia may render patients specifically vulnerable to 
accelerated cognitive decline post-DBS, whilst the relationship is probably multifactorial. If confirmed in larger 
cohorts, testing for HRV could be a simple non-invasive method for better patient selection for DBS and for 
prognosis information regarding cognitive outcomes. 
References: 1. McDonald C, Newton JL, Burn DJ. Orthostatic hypotension and cognitive impairment in Parkinson's 
disease: Causation or association? Mov Disord. 2016;31(7):937-46; 2. Combs HL, Folley BS, Berry DT, Segerstrom 
SC, Han DY, Anderson-Mooney AJ, Walls BD, van Horne C. Cognition and Depression Following Deep Brain 
Stimulation of the Subthalamic Nucleus and Globus Pallidus Pars Internus in Parkinson's Disease: A Meta-Analysis. 
Neuropsychol Rev. 2015;25(4):439-54. 
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2011 
Deep brain stimulation in patients with chronic anti-coagulation treatment: a series of 35 patients 
L. Cassini Ascencao, J. Krauss, J. Runge, A. Saryyeva (Hannover, Germany) 
Objective: This is a retospective study about patients with chronic anticoagulation therapy who underwent DBS 
surgery in a time frame of 13 years. 
Background: In the aging society, patients with movement disorders or pain syndromes who are candidates 
for deep brain stimulation (DBS) suffer from cardiovascular co-morbidities that require permanent anti-coagulation, 
such as atrial fibrillation, valvular or coronary diseases. Because of increased risk of intracranial 
hemorrhage, chronic anti-coagulation treatment usually has been considered a contraindication for DBS. 
Interruption of anti-coagulation therapy has to be balanced with the risk of ischemic complications or venous 
thromboembolism. 
Methods: This is a retrospective study on a cohort of 605 patients who underwent DBS within a 20-year 
period. Overall, 35 patients were identified who were under chronic anti-coagulation treatment. Patients were 
operated for Parkinson’s disease, dystonia, tremor and pain syndromes. 
Results: Patients were under anti-coagulation with acetylsalicylic acid, clopidogrel, coumarin-derivates, rivaroxaban 
and apixaban. Operated disorders were Parkinsonysm (9), dystonia (7), tremor (18) and pain syndromes (1). Anti-
coagulation treatment was paused during the perioperative phase. There were no cardiac or ischemic complications. 
The following perioperative adverse events were recorded: hematoma at the site of the implantable pulse 
generator (3 patients), stroke (1 patient) and intraventricular hemorrhage with hydrocephalus (1 patient). No 
hemorrhagic complications were noticed on long-term follow-up. 
Conclusions: Deep brain stimulation in patients with chronic anti-coagulation treatment is possible. In the 
perioperative period,  precautions are necessary. Individual, patient-adapted approaches are recommended. 

2012 
What can predict short and long-term outcome of bilateral Subthalamic Nucleus Deep Brain Stimulation in 
Parkinson’s disease? 
F. Cavallieri, V. Fraix, D. Mulas, F. Bove, M. Tondelli, P. Pélissier, A. Castrioto, S. Meoni, E. Schmitt, E. Chevrier, 
E. Lhommée, A. Bichon, A. Kistner, C. Ardouin, P. Limousin, S. Chabardès, A.L. Benabid, E. Seigneuret, P. Krack, 
P. Pollak, E. Moro (Grenoble, France) 
Objective: To define preoperative predictive factors of short- and long-term motor outcome from a large cohort of 
consecutive Parkinson’s Disease (PD) patients operated on with bilateral subthalamic nucleus deep brain stimulation 
(STN-DBS) at the Grenoble University Hospital. 
Background: When counselling for DBS surgery, it is crucial to discuss with patients the foreseen outcomes of 
STN-DBS surgery especially in the long-term. 
Methods: All consecutive PD patients operated on with bilateral STN-DBS from 1993 to 2010 were retrospectively 
evaluated pre-operatively (baseline), at one-year (short-term), and up to 17 years (long-term) post-operatively. 
Demographic variables, brain MRI and PD characteristics were collected by reviewing medical records. At baseline 
and one-year after surgery, the UPDRS with subscales (both in “defined-off “and “defined-on” conditions) and a 
standardized neuropsychological evaluation including Frontal Score, Mattis Dementia Rating Scale (MDRS), and 
Beck Depression Inventory were collected. In the long-term, the four parts of the UPDRS in the on-stimulation/on-
medication condition were analyzed. Baseline predictive factors of good motor response to stimulation (defined as a 
postoperative percentage reduction >25% of the motor UPDRS score in the off-medication condition) and baseline 
variables associated with long-term motor impairment were calculated applying univariate and multivariate logistic 
and linear regressions. 
Results: A total of 252 patients were included in the short-term analysis. Male sex (p=0.019), higher baseline 
MDRS score (p=0.020), and absence of brain MRI ischemic white matter lesions (p=0.032) were predictive of short-
term good motor response to stimulation. Long-term analysis from a subgroup of 51 patients showed that higher 
baseline Frontal Score strongly correlated with lower motor impairment (p=0.018). 
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Conclusions: Baseline cognitive status and brain MRI represent strong predictive factors of short-term motor 
outcome in PD patients with bilateral STN-DBS. Baseline Frontal lobe function is the best predictor of STN-DBS 
long-term motor benefit. 
References: An abstract concerning the same topic has been submitted to the XXIV World Congress on Parkinson’s 
Disease and Related Disorders, 16 – 19 June 2019; Montreal, Canada. (acceptance pending) 

2013 
Preoperative stratification of gait outcome from subthalamic nucleus stimulation 
I. Cebi, M. Scholten, A. Gharabaghi, D. Weiss (Tubingen, Germany) 
Objective: In this study we aimed to identify clinical and kinematic features that correlate to favorable freezing of 
gait (FOG) outcome from standard subthalamic neurostimulation in patients with idiopathic Parkinson's disease 
(PD). 
Background: FOG constitutes a major unmet therapeutic need in advanced PD. As patients show variable 
postoperative outcomes of FOG from standard subthalamic neurostimulation, it is warranted to establish surrogates 
of the therapeutic outcome. 
Methods: We conducted a prospective observational clinical study with a clinical and biomechanical 
characterization of gait function before and after surgery. Biomechanical measures of gait were assessed by three 
inertial measurement units attached to limbs and lumbar position including triaxial accelerometer, gyroscope and 
magnetometer. The clinical severity of FOG was assessed by the Freezing of Gait Assessment Course (FOG-AC). 
The preoperative visit included assessments in both ‘off’ and ‘on’ dopaminergic state. Patients were reassessed on 
the same measures six months after the implantation in their best individual treatment ‘on medication, on 
stimulation’. 
Results: We observed a positive FOG outcome, when the ‘range of motion’ (ROM) at ankle and knee level, as well 
as stride length were preoperatively levodopa responsive. Also, preoperative levodopa responsiveness of FOG itself 
pointed to a better outcome. 
Conclusions: These preliminary observations encourage us to develop a predictive model to stratify preoperative 
patients with FOG for subthalamic deep brain stimulation procedures. This is crucial given that FOG in many 
patients dominates self-perceived impairment of health-related quality of life. 
 

2014 
Change of extracellular glutamate and GABA level in striatum during deep brain stimulation of the 
entopeduncular nucleus in rats 
C.B. Cho, J.H. Sung (Suwon, Republic of Korea) 
Objectives: Globus pallidus interna (GPi) is recognized as an effective treatment for advanced Parkinson’s disease. 
However, the neurochemical basis of its effects remains unknown. The aim of this study was to investigate effects of 
entopeduncular nucleus (EPN) stimulation, the equivalent to human GPi, in sham and 6-hydroxydopamine (6-
OHDA)-lesioned rat model on changes of glutamate and GABA in the striatum. 
Background: Parkinson’s disease (PD) is a neurodegenerative disorder characterized by dopamine depletion due to 
the degeneration of substantia nigral dopamine neurons. Globus pallidus interna (GPi) stimulation has become an 
established treatment for motor symptoms of PD. However, the exact mechanism of deep brain stimulation (DBS) in 
GPi stimulation is unknown. 
Methods: Extracellular glutamate and GABA level changes in striatum of sham group, sham plus deep brain 
stimulation (DBS) group, 6-OHDA group, and 6-OHDA plus DBS group were examined using microdialysis and 
high-pressure liquid chromatography (HPLC). Tyrosine hydroxylase (TH) immunoreactivities in substantia nigra 
and striatum of the four groups were also analyzed. 
Results: Extracellular glutamate levels in the striatum of sham plus DBS group and 6-OHDA plus DBS group were 
significant increased by EPN stimulation compared to those in the sham group and 6-OHDA group. However, 
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extracellular GABA levels of the striatum of sham plus DBS group and 6-OHDA plus DBS group had no significant 
changes by EPN stimulation compared to those in the sham group and 6-OHDA group. EPN stimulation had no 
significant effect on the expression of tyrosine hydroxylase in sham or 6-OHDA group. 
Conclusions: Our results provided new neurochemical data of EPN stimulation. Clinical results of EPN stimulation 
are not restricted to direct inhibitory outflow to thalamus. They also involve widespread adaptive changes within the 
basal ganglia. 
References: 1. Agnesi F, Blaha CD, Lin J, Lee KH: Local glutamate release in the rat ventral lateral thalamus 
evoked by high-frequency stimulation. J Neural Eng 7: 26009, 2010. 
2. Bar Gad I, Elias S, Vaadia E, Bergman H: Complex locking rather than complete cessation of neuronal activity in 
the globus pallidus of a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-treated primate in response to pallidal 
microstimulation. The Journal of neuroscience 24: 7410-7419, 2004. 
3. Barneoud P, Parmentier S, Mazadier M, Miquet JM, Boireau A, Dubedat P, et al.: Effects of complete and partial 
lesions of the dopaminergic mesotelencephalic system on skilled forelimb use in the rat. Neuroscience 67: 837-848, 
1995. 
4. Boulet S, Lacombe E, Carcenac C, Feuerstein C, Sgambato-Faure V, Poupard A, et al.: Subthalamic stimulation-
induced forelimb dyskinesias are linked to an increase in glutamate levels in the substantia nigra pars reticulata. J 
Neurosci 26: 10768-10776, 2006. 
5. Bruet N, Windels F, Carcenac C, Feuerstein C, Bertrand A, Poupard A, et al.: Neurochemical mechanisms 
induced by high frequency stimulation of the subthalamic nucleus: increase of extracellular striatal glutamate and 
GABA in normal and hemiparkinsonian rats. Journal of Neuropathology and Experimental Neurology 62: 1228-
1240, 2003. 
6. DeLong MR: Primate models of movement disorders of basal ganglia origin. Trends in neurosciences 13: 281-
285, 1990. 
7. DeLong MR, Wichmann T: Basal Ganglia Circuits as Targets for Neuromodulation in Parkinson Disease. JAMA 
Neurol 72: 1354-1360, 2015. 
8. Gubellini P, Eusebio A, Oueslati A, Melon C, Kerkerian-Le Goff L, Salin P: Chronic high-frequency stimulation 
of the subthalamic nucleus and L-DOPA treatment in experimental parkinsonism: effects on motor behaviour and 
striatal glutamate transmission. Eur J Neurosci 24: 1802-1814, 2006. 
9. Hazrati LN, Parent A: Differential patterns of arborization of striatal and subthalamic fibers in the two pallidal 
segments in primates. Brain research 598: 311-315, 1992. 
10. Jonkers N, Sarre S, Ebinger G, Michotte Y: MK801 suppresses the L-DOPA-induced increase of glutamate in 
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2015 
Long-term effects of bilateral subthalamic nucleus stimulation on sleep in patients with Parkinson’s disease 
J. Choi, H. Kim, D. Yoo, J. Im, S. Paek, B. Jeon (Seoul, Republic of Korea) 
Objective: The objective of this study was to assess long-term effects of deep brain stimulation (DBS) of the 
subthalamic nucleus (STN) on sleep in patients with Parkinson's disease (PD). 
Background: Although STN DBS has been reported to have a positive effect on sleep-wake disturbances in PD, 
improvement in sleep is inconsistent especially for excessive daytime sleepiness, and little known about long-term 
effects of STN DBS. 
Methods: Sixty-one patients with PD who had received a bilateral STN DBS and were followed for 3 years. The 
following were included: the Parkinson’s disease sleep scale (PDSS) and Epworth sleepiness scale (ESS), Unified 
PD Rating Scale part I-III and Hoehn & Yahr stage in the on and off anti-parkinsonian medication condition, total 
daily levodopa equivalent dose, quality of life measures, and depression scale measured preoperatively and at 6 
months after surgery and annually thereafter. 
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Results: Patients who had undergone bilateral STN DBS and a follow-up evaluation at baseline (61 patients) and at 
6, 12, 24 and 36 months (46 patients) were included in this study. Total PDSS score significantly improved after 
STN DBS from baseline up to year 3, and the largest improvement was observed at 6 months (79.0±30, 100.0±23.3, 
98.8±23.0, 97.1±29.6, and 93.3±28.0 at baseline, 6, 12, 24, and 36 months, respectively, p < 0.0001 for the change 
over time). Among the eight PDSS items, items for sleep onset and maintenance insomnia, nocturnal restlessness, 
nocturnal psychosis, nocturnal motor symptoms, and daytime dozing showed significant improvement after STN 
DBS. Total ESS score and total sleep hours per day did not show significant changes after STN DBS (p = 0.4264 for 
the change over time). Changes in total PDSS were associated with changes in the depression and motivation items 
in the Unified PD Rating Scale part I, depression scale, and quality of life measures, but those variables at baseline 
were not predictive of changes in total PDSS after STN DBS. 
Conclusions: In our longitudinal follow-up study of 3 years, bilateral STN DBS in PD significantly improved sleep 
parameters especially for sleep onset and maintenance, nocturnal motor symptoms, and nocturnal psychosis. 
However, STN DBS did not significantly reduce excessive daytime sleepiness despite significant reductions in 
antiparkinsonian medications. 
References: 1. Simuni T, Sethi K. Nonmotor manifestations of Parkinson's disease. Annals of neurology. 2008;64 
Suppl 2:S65-80. 2. Khoo TK, Yarnall AJ, Duncan GW, et al. The spectrum of nonmotor symptoms in early 
Parkinson disease. Neurology. 2013;80(3):276-281. 3. Suzuki K, Miyamoto M, Miyamoto T, Iwanami M, Hirata K. 
Sleep disturbances associated with Parkinson's disease. Parkinson's disease. 2011;2011:219056. 4. Deuschl G, 
Schade-Brittinger C, Krack P, et al. A randomized trial of deep-brain stimulation for Parkinson's disease. The New 
England journal of medicine. 2006;355(9):896-908. 5. Liu KD, Shan DE, Kuo TB, Yang CC. The effects of bilateral 
stimulation of the subthalamic nucleus on heart rate variability in patients with Parkinson's disease. Journal of 
neurology. 2013;260(7):1714-1723. 6. Iranzo A, Valldeoriola F, Santamaria J, Tolosa E, Rumia J. Sleep symptoms 
and polysomnographic architecture in advanced Parkinson's disease after chronic bilateral subthalamic stimulation. 
Journal of neurology, neurosurgery, and psychiatry. 2002;72(5):661-664. 7. Monaca C, Ozsancak C, Jacquesson JM, 
et al. Effects of bilateral subthalamic stimulation on sleep in Parkinson's disease. Journal of neurology. 
2004;251(2):214-218. 8. Amara AW, Standaert DG, Guthrie S, Cutter G, Watts RL, Walker HC. Unilateral 
subthalamic nucleus deep brain stimulation improves sleep quality in Parkinson's disease. Parkinsonism & related 
disorders. 2012;18(1):63-68. 9. Odekerken VJ, van Laar T, Staal MJ, et al. Subthalamic nucleus versus globus 
pallidus bilateral deep brain stimulation for advanced Parkinson's disease (NSTAPS study): a randomised controlled 
trial. The Lancet. Neurology. 2013;12(1):37-44. 10. Jiang LL, Liu JL, Fu XL, et al. Long-term Efficacy of 
Subthalamic Nucleus Deep Brain Stimulation in Parkinson's Disease: A 5-year Follow-up Study in China. Chinese 
medical journal. 2015;128(18):2433-2438. 11. Hjort N, Ostergaard K, Dupont E. Improvement of sleep quality in 
patients with advanced Parkinson's disease treated with deep brain stimulation of the subthalamic nucleus. 
Movement disorders : official journal of the Movement Disorder Society. 2004;19(2):196-199. 12. Merlino G, 
Lettieri C, Mondani M, et al. Microsubthalamotomy improves sleep in patients affected by advanced Parkinson's 
disease. Sleep medicine. 2014;15(6):637-641. 13. Chahine LM, Ahmed A, Sun Z. Effects of STN DBS for 
Parkinson's disease on restless legs syndrome and other sleep-related measures. Parkinsonism & related disorders. 
2011;17(3):208-211. 14. Nishida N, Murakami T, Kadoh K, et al. Subthalamic nucleus deep brain stimulation 
restores normal rapid eye movement sleep in Parkinson's disease. Movement disorders : official journal of the 
Movement Disorder Society. 2011;26(13):2418-2422. 15. Peppe A, Pierantozzi M, Baiamonte V, et al. Deep brain 
stimulation of pedunculopontine tegmental nucleus: role in sleep modulation in advanced Parkinson disease patients: 
one-year follow-up. Sleep. 2012;35(12):1637-1642. 16. Breen DP, Low HL, Misbahuddin A. The Impact of Deep 
Brain Stimulation on Sleep and Olfactory Function in Parkinson's Disease. The open neurology journal. 2015;9:70-
72. 17. Lyons KE, Pahwa R. Effects of bilateral subthalamic nucleus stimulation on sleep, daytime sleepiness, and 
early morning dystonia in patients with Parkinson disease. Journal of neurosurgery. 2006;104(4):502-505. 18. Chou 
KL, Persad CC, Patil PG. Change in fatigue after bilateral subthalamic nucleus deep brain stimulation for 
Parkinson's disease. Parkinsonism & related disorders. 2012;18(5):510-513. 19. Lilleeng B, Gjerstad M, Baardsen R, 
Dalen I, Larsen JP. The long-term development of non-motor problems after STN-DBS. Acta neurologica 
Scandinavica. 2015;132(4):251-258. 20. Eugster L, Bargiotas P, Bassetti CL, Michael Schuepbach WM. Deep brain 
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stimulation and sleep-wake functions in Parkinson's disease: A systematic review. Parkinsonism & related disorders. 
2016;32:12-19. 

2016 
Deep Brain Stimulation in Parkinson's Disease: Experience of the Neurology Department of Marrakesh 
Z. CHOURAFA, M. CHRAA, N. LOUHAB, N. KISSANI (MARRAKESH, Morocco) 
Objective: The authors report the experience of the Marrakesh University Hospital in Idiopathique Parkinson's 
surgery. 
Background: The treatment ofidiopathicParkinson's disease (IPD) remains symptomatic and relies mainly on the 
use of dopaminergic drugs. Deep brain stimulation (DBS) has significantly improved the quality and life expectancy 
of patients but it is reserved for patients meeting well-defined selection criteria. Only 5 to 10% of Parkinson's 
patients would be candidates for DBS. 
Methods: We conducted a retrospective study spread over an 18-month period from May 2017 to December 2018, 
it interested a series of 10 patients treated for IPD with DBS indicated and performed at Mohammed VI University 
Hospital in Marrakech. Patients with severe depression, dementia, poor general condition, and poor dopaminergic 
response were excluded from this study. 
Results: Of the 10 operated patients, four patients were male and six female gender, sex ratio is 0.6, the age of our 
patients is between 51 and 68 years.The selection of patients fulfilling the BBC for IPD, the surgical technique 
consisted in implanting the electrode in the sub-thalamic nuclei with intraoperative electro-physiological monitoring. 
This therapy allowed the improvement of all tremor predominant IPD, reduction in dyskinesia in all cases, and 
decrease the fluctuation in time to 1h30 on averagefor all patients,80% of patients had a reduction of dopa therapy in 
the operating position at 50% with good improvement clinical.Reporting the following complications: two of our 
patients developed a hematoma and another developed a severe depression but reversible. 
One patient did not report improvement and chose to remain under Ldopa alone. 
Conclusions: Deep brain stimulation is an effective therapy for the symptomatic treatment of Parkinson's disease, 
this technique does not treat the disease or stop its natural evolution, it is reserved for patients meeting well-defined 
selection criteria. 

2017 
Evaluating Perceptions of Deep Brain Stimulation in DBS-naïve Patients with Parkinson’s Disease – A Pilot 
Study 
S. Das, S. Ramesh, M. Baldassari, M. Rasool, J. Ratliff, D. Kremens, T. Alexander, C. Matias, T.W. Liang, C. Wu 
(Philadelphia, PA, USA) 
Objective: To examine perceptions of Deep Brain Stimulation (DBS) in patients with Parkinson’s Disease (PD), 
with the aim of understanding common fears and concerns about the procedure 
Background: DBS has become an increasingly common treatment for PD since its FDA approval in 2002. Its 
effectiveness in managing refractory PD is extensively documented [1], and there is a growing body of research 
suggesting that earlier stimulation may benefit patients [2]. However, previous research has noted that only 10% of 
the 15% of advanced PD patients that are eligible for DBS are referred for surgery [3], and that 45% of patients 
undergoing the procedure still have reluctance about it [4]. Understanding how PD patients conceptualize this 
procedure is necessary in order to address potential barriers to treatment. 
Methods: A 30 item questionnaire was administered to patients with PD following up at our institution who had not 
received prior neurosurgical consultation about DBS. The survey assessed three domains: familiarity with DBS, 
perceptions on hypothetical PD surgical characteristics, and perceptions about DBS. Perceptions were analyzed by 
using five point Likert-item and two-point dichotomous (Y/N) questions. 
Results: In our cohort of 25 patients, 84% of patients were familiar with DBS, with the highest percentage of 
patients having first heard about it from the internet (n=9). Patients displayed significant heterogeneity when asked 
about hypothetical surgical invasiveness and reversibility. Of patients familiar with the procedure, 32% (n=8) 
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considered DBS effective, and 56% of patients (n=14) considered DBS invasive. Almost half of the cohort (n=10) 
were concerned that DBS is very expensive. Over half (56%) of patients considered DBS as a last resort treatment. 
Our results are reported in [table 1.1]. 
Conclusions: Our study suggests that there is wide variability in patient perceptions about safety, costs, efficacy, 
and benefits of DBS. Patients furthermore responded strongly to questions about surgery invasiveness and 
reversibility, suggesting that proper patient education about these procedures is of vital importance to clinicians. We 
hope to further characterize the perceptions of a larger cohort of patients with the aim of utilizing this data in future 
patient education. 
References: 1. Weaver, F. M., Follett, K., Stern, M., Hur, K., Harris, C., Marks, W. J., Jr., . . . Huang, G. D. (2009). 
Bilateral deep brain stimulation vs best medical therapy for patients with advanced Parkinson disease: a randomized 
controlled trial. Jama, 301(1), 63-73. doi:10.1001/jama.2008.929 2. Schuepbach, W. M., Rau, J., Knudsen, K., 
Volkmann, J., Krack, P., Timmermann, L., . . . Deuschl, G. (2013). Neurostimulation for Parkinson's disease with 
early motor complications. N Engl J Med, 368(7), 610-622. doi:10.1056/NEJMoa1205158 3. Lange, Max, et al. 
"Underutilization of deep brain stimulation for Parkinson’s disease? A survey on possible clinical reasons." Acta 
neurochirurgica 159.5 (2017): 771-778. 4. Kim, M. R., Yun, J. Y., Jeon, B., Lim, Y. H., Kim, K. R., Yang, H. J., & 
Paek, S. H. (2016). Patients' reluctance to undergo deep brain stimulation for Parkinson's disease. Parkinsonism 
Relat Disord, 23, 91-94. doi:10.1016/j.parkreldis.2015.11.010 

 

2018 
Predicting active electrode selection from atlas based targets and probabilistic sweetspots in STN DBS 
T. Dembek, P. Reker, J. Petry-Schmelzer, V. Visser-Vandewalle, M. Barbe (Cologne, Germany) 
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Objective: To investigate whether neuroimaging can help in choosing effective electrodes in PD patients with deep 
brain stimulation (DBS) of the subthalamic nucleus (STN). 
Background: Clinical determination of the best electrode for stimulation in PD patients with STN-DBS can be a 
time-consuming process. Alternative strategies, which for example guide electrode selection on imaging-based 
information are thus warranted. 
Methods: Using the Lead-DBS toolbox (www.lead-dbs.org), we determined electrode locations in 30 patients who 
had received bilateral STN DBS with DBS leads comprising of either 4 or 8 levels of electrodes. We then 
investigated whether the active levels, chosen for stimulation 6 months after implantation, were inside or outside an 
atlas-based STN, its sensorimotor subpart, as well as a previously published, cohort-based, probabilistic ‘sweetspot’. 
We also investigated the distances of the active levels to the centers of gravity of  the STN, the sensorimotor STN, 
and the ‘sweetspot’ and analyzed whether the levels closest to the centers of gravity were chosen for stimulation. 
Lastly, we determined how much of each simulated volume of activation (VTA) lay inside the respective structures. 
Results: 94 % of active levels lay inside the STN while only 55 % lay inside its sensorimotor part. 89 % of active 
levels lay inside the ‘sweetspot’. In only 18% of investigated DBS leads, the electrode level closest to the center of 
gravity of the STN was selected for stimulation. A similar result (17 %) was observed for the sensorimotor STN. 
However, when investigating the ‘sweetspot’, the level closest to its center of gravity was chosen for stimulation in 
47 % of the DBS leads. When analyzing VTAs, an average of 38 % of each stimulation volume lay inside the STN, 
while only 19 % of each stimulation lay inside the sensorimotor STN. On the other hand, an average of 62 % of each 
VTA lay inside the ‘sweetspot’. 
Conclusions: These preliminary results highlight that selecting electrodes for stimulation based on their relation to 
the STN presents many challenges. Our previously published probabilistic sweetspot, seems to be superior in 
predicting electrode selection but it is still unclear, whether such strategies as demonstrated here could one day assist 
clinicians in programming DBS devices. 

2019 
Rapid improvement in dystonia after pallidal deep brain stimulation in a patient with myoclonus-dystonia 
syndrome: A case report 
L. Deuel, J. Thompson, L. Kahn, J. Barr, A. Abosch, D. Kern (Aurora, CO, USA) 
Objective: Describe the time course of clinical response to bilateral globus pallidus internus (GPi) deep brain 
stimulation (DBS) in a patient with myoclonus-dystonia syndrome (M-D), and explore intra-operative local field 
potentials (LFP) of the GPi with correlation to upper limb electromyography (EMG). 
Background: M-D is a rare, autosomal dominant genetic condition that presents early in childhood with 
hyperkinetic movements, including myoclonus in the majority of patients and dystonia in up to half. DBS of the GPi 
and ventral intermediate thalamus (VIM) have both been successful in attenuating motor symptoms in a number of 
patients, but the time course for clinical improvement has not been well described. Additionally, there are rare 
reports demonstrating significant coherence between LFPs in the GPi and EMG. 
Methods: A 17-year-old girl with genetically-confirmed M-D underwent staged bilateral GPi DBS. Standardized 
clinical assessments were performed pre-operatively and three months post-operatively to evaluate symptomatic 
improvement. We recorded intraoperative LFPs from the dorsal, central, and ventral GPi, as well as EMG from 
select upper limb muscles while performing the following activities: 1) resting the arm, 2) extension of arm against 
gravity, 3) extension of arm with a one-pound weight attached to the wrist, and 4) maintaining a grip task at 25% of 
MVC. These tasks were repeated three months post-operatively after optimizing DBS programming. 
Results: On pre-operative examination, the patient had frequent myoclonus of the proximal upper extremities, torso, 
and face, which worsened with startle. She had marked dystonia, with frequent plantarflexion and inversion of the 
left foot, and flexion at the bilateral wrists. She underwent surgery without complication. Forty-eight hours after 
initial programming, she noted almost complete resolution of dystonia, though only a 25% improvement in 
myoclonus, predominately distal. This bnefit was sustained at three months. Coherence analysis is underway. 

This article is protected by copyright. All rights reserved.



Conclusions: In a young patient with M-D who underwent bilateral GPi DBS, we describe early and near complete 
resolution of dystonia, with less improvement in myoclonus. Previous case reports have described excellent long-
term symptom control, but none have commented on similar short-term effects. 

2020 
A Pilot Study of Gamma Knife Radiosurgery Targeting the Subthalamic Nucleus in Elderly and Infirmed 
Parkinson’s Disease Patients Not Amenable to Deep Brain Stimulation 
P. Drummond, M. Pourfar, D. Kondziolka (New York, NY, USA) 
Objective: To evaluate the safety and efficacy of unilateral subthalamic nucleus (STN) gamma knife surgery (GKS) 
in patients with Parkinson’s disease (PD) not amenable to deep brain stimulation (DBS). 
Background: STN DBS has been shown to reliably improve several PD symptoms in appropriately selected 
patients. Various factors may preclude patients from undergoing DBS and for them, non-invasive lesion-based 
therapies such as focused ultrasound and GKS may present a safer alternative. 
Methods: Based on preliminary positive reports of STN GKS for PD, we conducted a prospective, open-label, 
single-center, pilot study in PD patients deemed potential candidates for unilateral DBS based on their disease 
characteristics, but contraindicated due to age>74, an irreversible bleeding diathesis, or significant comorbid 
medical disease. Stereotactic MRI-guided GKS was performed using a single 110 or 120 Gy dose targeting the STN 
contralateral to the more symptomatic extremity. Clinical follow up and imaging assessed the safety and efficacy of 
the procedure over a 12-month period. 
Results: 4 PD patients with medication-refractory tremors and disabling dyskinesias underwent unilateral STN 
GKS. Contraindications to DBS included high risk comorbid cardiovascular disease in 3 patients and an irreversible 
bleeding diathesis in 1. There were no immediate post-procedural adverse events. 1 patient who underwent left STN 
GKS developed right hemiparesis and dysarthria 7 months post-procedure followed by hospitalization at 9 months 
for bacterial endocarditis and liver failure from which he died. The remaining 3 patients were free of adverse events 
up to 12 months post-procedure and experienced a statistically significant reduction in mean rigidity (-3.4, p < 0.01) 
and cumulative contralateral UPDRS-III scores (-8.4, p < 0.05). Upon extended follow up, 2 patients developed 
subacute worsening of gait. One died at 16 months due to complications of a fall whereas the other saw no change in 
gait up to 42 months post-procedure. All 3 patients with adverse events demonstrated a hyper-response in the 
targeted area on follow up neuroimaging. 
Conclusions: Despite the potential for clinical improvement, our results suggest that unilateral STN GKS should be 
approached cautiously in medically frail PD patients who may be at higher risk of GKS hyper-response and 
neurologic complications. 

2021 
Stereotactic Lesioning of Nucleus Accumbens for Treatment of Aggression in Mental Retardation 
N. Durmaz Çelik, M. Vural, S. Özkan (Eskisehir, Turkey) 
Objective: To present and discuss a case of stereotactic ablation of bilateral nucleus accumbens (NAc) in a mentally 
retarded patient to alleviate symptoms of severe aggression. 
Background: Aggression is commonly observed in mentally retarded patients, imposing a burden on the caregiver. 
Despite many pharmacological and non-pharmacological treatments, some cases can be refractory which arises a 
need for surgical interventions. Hereby, we present a case of severe aggression treated with bilateral NAc 
stereotactic ablation. 
Methods: A 28-year-old mentally retarded male presented with complaints of physically aggressive behavior since 
he was two years old. His aggressive behavior continued through years despite many pharmacological treatments 
and gamma-knife ablative surgery of bilateral anterior limb of the internal capsule which was performed seven years 
ago. He had sleep problems and having trouble concentrating in his school. He was mute and unable to cooperate to 
neurological examination, upon manipulation, he showed aggressive behavior such as hitting himself or beating his 
head against the wall. As he was unable to cooperate procedures of deep brain stimulation (DBS), permanent 
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indwelling hardware wasn’t a reasonable choice. We preferred ablative surgery of bilateral NAc. Under general 
anesthesia, stereotactic coordinates for NAc was determined. Radiofrequency ablation at 80 degrees was applied for 
65 seconds to the target and 1,5 cm superior and inferior. Brain magnetic resonance imaging of the patient after 
surgery showed bilateral thermal damage in NAc region [figure 1]. 
Results: Two weeks after surgery the patient’s aggression attacks declined approximately 60% according to his 
parents. Furthermore, he started to participate in lessons for longer time without a decline in cognitive performance 
and his sleeping problems diminished. After two months of follow-up, this improvement continued with no side 
effects. 
Conclusions: The physiological basis of aggression is not yet fully understood but NAc is found to be an important 
site for both DBS and ablative surgery for medically refractory aggressive behavior [1, 2]. Despite little evidence in 
the literature, we treated a patient with aggressive behavior by ablating the NAc bilaterally using stereotactic surgery 
with significant clinical improvement. In selected patients, NAc may be a good candidate target for the treatment of 
medically refractory aggression. 
References: 1. Harat M, Rudas M, Zielinski P, Birska J, Sokal P. Deep Brain Stimulation in Pathological 
Aggression. Stereotact Funct Neurosurg. 2015;93(5):310-5. 2. Maley JH, Alvernia JE, Valle EP, Richardson D. 
Deep brain stimulation of the orbitofrontal projections for the treatment of intermittent explosive disorder. 
Neurosurg Focus. 2010;29(2):E11. 

 

2022 
Does the magnitude of improvement of UPDRS III at the preoperative L-dopa test predict the degree of 
medication decrease one year after subthalamic nucleus Deep Brain Stimulation? 
A. Fredricks, G.-M. Hariz, J. Linder, L. Eriksson, L. Forsgren, M. Hariz, P. Blomstedt (Umea, Sweden) 

This article is protected by copyright. All rights reserved.



Objective: To investigate whether the magnitude of improvement in motor scores of the Unified Parkinson´s 
Disease Rating Scale (UPDRS III) at the preoperative L-dopa challenge can predict the degree of decrease in doses 
of dopaminergic medication at one year following subthalamic nucleus deep brain stimulation (STN DBS). 
Background: STN DBS is established as surgical treatment of advanced Parkinson´s disease (PD) and most often 
leads to reduction in medication dosage. While improvement of UPDRS III scores at the preoperative L-dopa test 
may predict the improvement of UPDRS III by STN DBS, it is not known if the % of medication reduction 
postoperatively correlates with the % decrease of UPDRS III scores at the preoperative L-dopa challenge. 
Methods: Nineteen consecutive PD patients received bilateral STN DBS. The % improvement of UPDRS III at the 
preoperative L-dopa test and at 1 year follow up, as well as the Levodopa equivalent daily doses (LEDD) 
preoperatively and at 1 year were recorded. The % decrease in LEDD at one year was correlated with the % UPDRS 
improvement at the preoperative L-dopa test, and with the % decrease of UPDRS scores in on-stimulation off-
medication (on-stim off-med) condition at 1 year. 
Results: At the preoperative L-dopa challenge UPDRS III improved by 59.8% (from 35±10 to 14.2, p=0.0003). At 1 
year post DBS, the UPDRS III on-stim off-med improved by 42.8% compared to baseline (from 35±10 to 19, 
p=0.0003), and LEDD decreased by 24 %. compared to LEDD at baseline ( from 1418±468mg to 971±348mg, p= 
0.001). However, the % decrease of LEDD at one year did not correlate with the % improvement of UPDRS III at 
the preoperative L-dopa test, (cc = -0.2, p=ns), nor with the % improvement of UPDRS III off-med on-stim at 1 year 
post STN DBS (cc = -0.03, p=ns). 
Conclusions: The % improvement of UPDRS III at the L-dopa test preoperatively did not predict the % decrease of 
medication at one year post STN DBS. Also, there was no correlation between the % decrease of LEDD and the % 
improvement of UPDRS III at one year following STN DBS. 

2023 
Intraoperative test stimulation of the subthalamic nucleus reduces the search space for chronic stimulation 
settings in Parkinson’s disease 
V. Geraedts, R. van Ham, J. Marinus, J. van Hilten, A. Mosch, C. Hoffmann, N. vd Gaag, M.F. Contarino (Leiden, 
Netherlands) 
Objective: To determine whether intraoperative test stimulation is indicative of postoperative stimulation results. 
Background: It is unknown whether intraoperative testing during awake Deep Brain Stimulation (DBS) of the 
subthalamic nucleus (STN) can be used to postoperatively identify the best settings for chronic stimulation. 
Methods: Records of consecutive Parkinson’s Disease patients who received STN DBS between September 2012 
and December 2017 were retrospectively analyzed. The best depth identified after intraoperative stimulation via the 
microelectrode’s stimulation tip was compared with the depth of the contact selected for chronic stimulation after a 
standard monopolar contact review. Moreover, thresholds for induction of clinical effects (optimal improvement of 
rigidity and induction of side-effects) were compared between stimulation at the postoperatively selected contact 
and at the corresponding intraoperative depth. 
Results: Records of 119 patients were analyzed (mean (SD) age 60.5 (6.5) years, 31.9% female, 238 STNs). In 75% 
of cases, the postoperatively selected contact corresponded with the intraoperative depth with the largest therapeutic 
window or was immediately dorsal to it. Higher stimulation intensities were required postoperatively than 
intraoperatively to relieve rigidity (p=0.002) and induce capsular side-effects (p=0.016). 
Conclusions: In the majority of cases, intraoperative stimulation may identify the optimal contact or point to the one 
immediately below it. Postoperatively, relief of rigidity and induction of capsular side-effects occur at higher 
stimulation intensities than during intraoperative test stimulation. The observed differences could be explained by 
differences related to the stimulation conditions or differences in electrode design resulting in different properties of 
the stimulation field. 
Previously presented at the European Society for Stereotactic and Functional Neurosurgery (ESSFN) conference in 
Edinburgh, 2018. 
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2024 
Comparison of high versus low frequency subthalamic stimulation on eye movement 
M.G. Ghilardi, L. Stock, C. Kruger-Zechlin, Z. Deeb, E. Fonoff, L. Timmermann, J. Waldthaler (Sao Paulo, Brazil) 
Objective: Compare the effects of subthalamic stimulation using high versus low frequency on saccadic and 
antisaccadic eye movements of idiopathic PD patients. 
Background: Parkinson’s disease (PD) is associated with several eye movement abnormalities. The study of 
saccades and antisaccades is of special interest once their mechanisms involve different cerebral brainstem areas. 
The effects of deep brain stimulation on eye movement are poorly known. Some researches suggest that bilateral 
high frequency subthalamic (STN) stimulation reduces latency in the prosaccade, increases gain of antisaccadic task 
and apparently have no effect on antisaccade latency. A recent study associated antisaccadic latencies with postural 
instability. 
We hypothesized that low frequency stimulation and high frequency stimulation could have different prosaccadic 
and antisaccadic patterns due to their different effects on gait and balance. 
Methods: We included 08 patients with PD treated with bilateral subthalamic deep brain stimulation. The patients 
were evaluated with DBS at OFF, high frequency (130hz) and low frequency (60hz) stimulation with constant total 
electrical energy delivered (TEED). The tests were performed with the patients in OFF medication and consisted of 
eyetracking battery, with prosaccades and antisaccades paradigms. 
Results: The mean latency of prosaccades was 222,03 (± 61,28) for OFF stimulation, 192,37 (± 26,13) for 60Hz and 
217,31 (± 40,47) for 130Hz. The prosaccadic gain was 0,80 (± 0,20) for OFF stimulation, 0,86 (± 0,08) for 60Hz 
and 0,83 (± 0,14) for 130Hz. The error at prosaccade was 0,02 (± 0,05) for OFF stimulation, 0,03 (± 0,04) for 60Hz 
and 0,04 (± 0,12) for 130Hz. 
Regarding to antisaccades, the latency varied from 402,28 (± 112,26) for OFF stimulation, 329,51 (± 60,11) for 
60Hz and 341,22 (± 34,33) for 130Hz. The gain was -0,77 (± 0,41) for OFF stimulation, -0,79 (± 0,48) for 60Hz and 
-0,98 (± 0,42) for 130Hz. The anti saccadic error was 0,62 (± 0,18) for OFF stimulation, 0,56 (± 0,23) for 60Hz and 
0,53 (± 0,21) for 130Hz. 
Conclusions: Our findings seems to corroborate previous data showing that OFF stimulation mode had the higher 
prosaccadic and antisaccadic latency, we also demonstrate that low frequency stimulation had the lower latencies. 
The error showed opposite results for prosaccadic and antisaccadic paradigms, there was an increase of error at 
prosaccadic and a decrease of error with stimulation. 
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2025 
Deep brain stimulation of Caudal Zona incerta: Case series 
D.R. Ginjupally, Z. Guduru, T. Hines III, T. Ali, G. Quintero, C. Van Horne (Lexington, KY, USA) 
Objective: With the advancement of deep brain stimulation (DBS) techniques, a renewed interest in the posterior 
sub thalamic area (PSA) for the treatment of Parkinson's disease (PD) and other tremor syndromes. In this study we 
aimed to evaluate the safety, efficacy and stimulation parameters for tremor control in DBS of caudal zona incerta 
(CZi). 
Background: In tremor syndromes, most of the groups have reported that the most effective contact lies posterior 
and dorsomedial to the STN(sub thalamic nucleus) and in deeper contacts of VIM(ventral intermediate nucleus). 
The PSA is situated immediately inferior to the ViM and posteromedial to the STN (1). Narrow area carrying 
different fibers mainly cerebella thalamic (2,3) makes it more sustainable target area to stimulate many different 
fibers with single electrode. Effectiveness of PSA DBS is stimulation of axons instead of nuclei actually affects 
more neurons and therefore also alter tremor oscillations more efficiently. 
Methods: Twenty five consecutive patients (48 electrodes) with tremor-predominant PD and ET(essential tremor) 
who underwent CZi DBS were evaluated pre-surgically and post-surgically. Either TETRAS or UPDRS-III 
scheduled for the 6 month post-operative follow-up. Adverse effects were monitored which resulted from surgery 
and/or stimulation induced. 
Results: In patients with ET, a baseline TETRAS score was 57+/-11 and in patients with PD, baseline UPDRS-III 
off medication, was 46+/-9. The tremor score improved by 90% and akinesia score improved by 30% at 6 months 
post-surgery. On average the stimulation parameters were amplitude of 2.1+/-0.6mA, pulse width of 70 +/- 10 
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microsec and frequency of 170+/-10 Hz. Transient adverse effects noted were Myoclonus, Dysarthria, somnolence 
and Depression and no surgical related complications were reported. 
Conclusions: Caudal zona incerta DBS is an effective and promising treatment for patients with tremor syndromes 
and should be considered as alternative surgical target. Our results are similar to previous reported case series, but 
long term followup on these patients would be beneficial to look for effect sustainability. 
References: 1. Plaha P, Ben-Shlomo Y, Patel NK, Gill SS. Stimulation of the caudal zona incerta is superior to 
stimulation of the subthalamic nucleus in improving contralateral parkinsonism. Brain 2006;129:1732e47 2. Coenen 
VA, Allert N, Paus S, Kronenburger M, Urbach H, Madler B: Modulation of the cerebello-thalamo-cortical network 
in thalamic deep brain stimulation for tremor: a diffusion tensor imaging study. Neurosurgery 2014; 75: 657–669; 
discussion 669–670. 3. Herzog J, Hamel W, Wenzelburger R, Potter M, Pinsker MO, Bartussek J, Morsnowski A, 
Steigerwald F, Deuschl G, Volkmann J: Kinematic analysis of thalamic versus subthalamic neurostimulation in 
postural and intention tremor. Brain 2007; 130: 1608–1625. 
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2027 
A machine learning approach to predict non-responders to subthalamic nucleus deep brain stimulation in 
Parkinson disease patients based on preoperative characteristics 
J. Habets, M. Janssen, A. Duits, B. De Greef, A. Mulders, L. Sijben, Y. Temel, M. Kuijf, P. Kubben, C. Herff 
(Maastricht, Netherlands) 
Objective: To predict the probability of individual PD patients to respond to STN DBS at one year follow up based 
on preoperative clinical data with a machine learning approach. We hypothesize that the model can produce reliable 
probabilities. 
Background: STN DBS is a well-established advanced therapy for patients with PD. Patients are selected for this 
therapy based on a pre-operative screening.(1, 2) Unfortunately, a small but relevant group of patients undergoing 
subthalamic DBS does not show the desired clinical response of improvement in motor symptoms or decrease in 
motor complications.(3) Reliable predictors to identify these patients are currently not available. 
Methods: Data from a retrospective cohort of 127 PD patients who underwent STN DBS surgery in the Maastricht 
University Medical Center between January 2000 and March 2017 were used. We selected 90 subjects who 
completed the one-year follow up. The other subjects were excluded because of missing data in the UPDRS III 
assessment during pre-operative ON-medication and/or post-operative ON-medication/ON-stimulation. Other 
missing preoperative values were imputed using linear regression models. 
Patients were classified as responders if one year post-operatively the UPDRS III improvement was ≥5 points, or the 
UPDRS II ≥3 points or the UPDRS IV, ≥3 points. Non-responders did not meet these criteria. 
A machine learning method using logistic regressions was used to predict the probability to be a non-responder. We 
used a 10-fold cross-validation to evaluate our model. 
Results: Our model predicts the classification outcome with an area under the curve of 0.85. The preoperative 
factors with the highest impact on being responders are a high preoperative UPDRS IV score and a high UPDRS III 
rigidity subscore. Older age at disease onset showed to increase the probability to be a non-responder. 
Neuropsychological scores showed contradictory Odds Ratios. 
Conclusions: Our machine learning based model produces accurate probabilities to predict response to STN DBS 
therapy. The next step is validation in a new STN DBS population and ultimately in a prospective design. This 
method could be used as a tool during preoperative counseling in the future. 
References: 1. Deuschl G, Schade-Brittinger C, Krack P, Volkmann J, Schafer H, Botzel K, et al. A randomized 
trial of deep-brain stimulation for Parkinson's disease. The New England journal of medicine. 2006;355(9):896-908. 
2. Schuepbach WM, Rau J, Knudsen K, Volkmann J, Krack P, Timmermann L, et al. Neurostimulation for 
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Parkinson's disease with early motor complications. The New England journal of medicine. 2013;368(7):610-22. 3. 
Williams A, Gill S, Varma T, Jenkinson C, Quinn N, Mitchell R, et al. Deep brain stimulation plus best medical 
therapy versus best medical therapy alone for advanced Parkinson's disease (PD SURG trial): a randomised, open-
label trial. The Lancet Neurology. 2010;9(6):581-91. 

 

 

2028 
MR-guided high intensity focused ultrasound in Parkinson's disease: A case report with a 5 year follow up 
S. Haegele-Link, N. Wegener, F. Brugger, J. Walch, R. Bauer, E. Martin, B. Werner, D. Brogle, G. Kaegi (St. 
Gallen, Switzerland) 
Objective: To report a case of a 44 years old male patient suffering from Parkinson’s disease for several years. DAT 
Scan SPECT confirmed the presynaptic dopaminergic deficit. The patient presented a tremor dominant syndrome 
resistant to sufficient medical treatment. Deep brain stimulation was no therapeutic option due to comorbidity with 
former drug abuse. That is why we offered the patient unilateral MR-guided high intensity focused ultrasound 
(MRgFUS) ablation of the pallido-thalamic-tract (PTT, fasciculus thalamicus) as another therapeutic option. 
Background: MR-guided focused ultrasound (MRgFUS) is a novel technique which allows ablation of deep brain 
structures under direct MR guidance without affecting surrounding tissue. Lesions and mainly stimulation within the 
pallido-thalomo-cortical network (STN, GPi and Vim) are established stereotactic targets to treat parkinsonism. 
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Lesional studies have shown that ablation (radiofrequency, MRgFUS) of the PTT within the subthalamic area is an 
effective approach to treat parkinsonian symptoms like bradykinesia, tremor and rigidity. 
Methods: Retrospective case report out of an ongoing trial. The PD patient fulfilled current criteria for DBS therapy 
and received unilateral (left) ablation of the PTT using the ExAblate Neuro MRgFUS system. Reason against DBS 
was malcompliance due to polytoxicomania. The observation period was 5 years. The UPDRS III Score was 
recorded prior to and 6 months after the intervention. Pre and 6 month post intervention neuropsychological 
assessments are available. 
Results: The UPDRS III score improved from 23.0 in the best on status prior to the intervention to 15.0 in the best 
on status 6 months after the intervention lasting up to 5 year follow up. UPDRS III was performed every 6 months. 
The improvement in UPDRS III is due to complete recovery of contralateral tremor. The Hoehn and Yahr scale did 
not change after the intervention. No other adverse events were observed. 
Conclusions: This case shows that unilateral MRgFUS of the pallido-thalamic tract (PTT) seems to be a safe and 
effective treatment alternative to DBS for patients with PD especially in tremordominant syndromes. Our patient 
showed long-term benefit over a 5 year period. 

2029 
Spontaneous volume regression of a brain cyst after DBS surgery 
J. Hanuška, D. Urgošík, F. Růžička, R. Jech (Prague, Czech Republic) 
Objective: To measure volume changes of a brain cyst following deep brain stimulation (DBS) implantation as a 
potential biomarker of the outcome. 
Background: A brain cyst is a rare complication of electrode insertion which potentially causes severe side effects 
including the failure of DBS therapy. The etiology and mechanisms of cyst development are still unknown. Up to 
now, there is generally no recommended treatment for this complication.  Revision surgery or steroid therapy were 
found to be effective in a few cases in which the cysts were accompanied by clinical symptoms. (1) 
Methods: Three patients (1F, 2M) suffering from dystonia (1 DYT1, 1 Meige’s syndrome, 1 cervical dystonia) 
underwent DBS implantation of quadripolar electrodes into the globus pallidus internus bilaterally. An 
intraparenchymal cyst near one of the electrodes was unexpectedly detected on a routine 3T MRI (Skyra, Siemens, 
Erlangen, Germany) performed after surgery. A series of 2-5 additional MRI were longitudinally acquired to 
monitor further development. The volume of the cyst was measured with xVision software. 
Results: Spontaneous regression of the cyst volume was observed in all three patients (- 28.3%, - 30.3%, - 9.8%). 
(Fig.1) One of the patients underwent a surgical revision due to a DBS malfunction initially accompanied by a 
temporary cyst volume increase (+ 48.7%) and finally followed by a volume regression (- 12.8%). 
Conclusions: We demonstrated the dynamics of intraparenchymal cysts after DBS surgery and showed that these 
cysts tend to spontaneously reduce in volume. On the other hand, repeated surgery could cause progression of the 
cyst volume with no clear clinical impact. 
References: 1) Staudt MD, MacDougall KW. Spontaneous Regression of an Intraparenchymal Cyst Following 
Deep Brain Stimulator Electrode Implantation: Case Report and Literature Review. World Neurosurg. 2018 
Sep;117:249-254. doi: 10.1016/j.wneu.2018.06.115. Epub 2018 Jun 22 
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2030 
How reliable are non-blinded evaluations of motor UPDRS? a comparison of blinded vs. un-blinded UPDRS 
scores in 14 patients with advanced Parkinson´s disease 
G.-M. Hariz, A. Fredricks, R. Stenmark, J. Linder, M. Hariz, L. Forsgren, P. Blomstedt (Umea, Sweden) 
Objective: To investigate the reliability of scores of the motor part of the Unified Parkinson Disease Rating Scale 
(UPDRS III) rated by an un-blinded specialist nurse compared to scores rated by two blinded movement disorders 
clinicians. 
Background: Blinded scoring of the motor UPDRS is considered a gold standard for objective evaluation of the 
severity of Parkinson´s disease (PD). However, the reliability of un-blinded scoring by a specialist nurse compared 
to blinded scoring by clinicians is not known. 
Methods: A total of 60 scorings of the UPDRS III were performed on patients with advanced PD: 28 scorings were 
done on 14 patients who underwent a L-dopa challenge (14 in off-medication condition and 14 in on-medication 
condition) and 32 scorings were done on 8 of the patients at 6 months after bilateral DBS of the caudal zona incerta 
(8 off-med off-stim; 8 off-med on-stim; 8 on-med off-stim; 8 on-med on-stim). Scorings were performed by an un-
blinded specialist nurse, and by two blinded movement disorders clinicians on standardized videos presented in 
random order. 
Results: There were no differences between un-blinded nurse UPDRS III scores and blinded clinicians scores in the 
14 patients who underwent L-dopa challenge (39.1±14 vs. 41.3±11, p=ns in off-med, and 21.5±13 vs. 21.2±11, p=ns 
in on-med condition). In the 8 DBS patients, there were only differences in scores off-med off-stim (blinded 
35.4±10, un-blinded 37.7±10, p=0.049) and in on-med on-stim (blinded 19.2±12, un-blinded 14.6±10, p=0.012). 
Conclusions: According to a recently published expert consensus, “a five-point UPDRS III difference represents a 
clinically meaningful difference” (Sanchez-Ferro A et al: Minimal Clinically Important Difference for UPDRS-III in 
Daily Practice. Mov Disord Clin Pract, 2018). In our patients, differences in UPDRS III scores between un-blinded 
specialist nurse and blinded clinicians were rare, and when they occurred the differences were below the established 
minimal clinically pertinent limits. Un-blinded evaluations of UPDRS III by an expert nurse can be considered as 
valid and reliable. 
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2031 
Karl Marx, Rosa Luxemburg, and Deep Brain Stimulation: is there a connection? 
M. Hariz, P. Krack, A. Lees (Bern, Switzerland) 
Objective: To investigate possible reasons behind some practices of deep brain stimulation (DBS) hardware 
providers. 
Background: The global success of DBS in movement disorders has led new companies to enter the DBS business, 
and led the original company to develop new generations of implantable pulse generators (IPG). Since it has become 
evident that DBS is not “reversible” in the long term (“DBS withdrawal syndrome”; “once DBS, always DBS”- 
Mov Disord Clin Pract, 2016), patients may become “hooked” on DBS and will need regular battery replacements, 
with financial and clinical consequences. Rechargeable batteries may not be suitable to many DBS patients. Karl 
Marx´ seminal work “Das Kapital” (1867), and Rosa Luxemburg´s work “The Accumulation of Capital” (1913) 
established that the ultimate aim of Capital is to steadily accumulate itself. At the occasion of the centenary of 
Luxemburg’s death, The Lancet (January 2019) published an Editorial praising her work and discussing 
globalisation and the health crisis. Here we ask: could Capital´s inherent need to accumulate exert any influence on 
some decisions of the DBS industry? 
Methods: We reviewed the literature with respect to differences in battery longevity between older generation IPGs 
and newer ones, and to determine the influence of DBS industry on some industry-sponsored trials. 
Results: 6 publications (from Germany, the UK, Korea, Israel, and France), as well as a survey of 80 DBS clinicians 
worldwide, confirmed that the battery of the newer brand of IPGs has significantly less battery life than the older 
brand, leading to un-necessary frequent and costly replacements, with attending cumulative risk for infection. As for 
the IPG with a rechargeable battery, the industry-set “apoptopic” limit of 9 years has magically been extended to 15 
years on these same already implanted IPGs. Finally, industry has sponsored all too premature DBS trials for 
depression, which eventually failed, jeopardizing for the foreseeable future prospects of conducting investigations of 
DBS in psychiatric illness. 
Conclusions: As predicted by Marx and Luxemburg, the fact remains that the ultimate aim of Capital is to 
accumulate through increased profit. With respect to DBS, this may result in sad consequences for patients & 
healthcare budgets, in many cases easily and practically avoidable, however, by using thalamotomy, pallidotomy or 
subthalamotomy 

2032 
Successful treatment of secondary dystonia with deep brain stimulation of the globus pallidus internus 
S. Hendrickx, P.h. Bourgeois, A. Tieleman, D. Vanhauwaert, T. Couvreur, O. Van Damme (Roeselare, Belgium) 
Objective: Improving targeting accuracy in the treatment of secondary dystonia with DBS of GPi 
Background: Dystonia is a very disabling disease. Deep brain stimulation (DBS) of the globus pallidus internus 
(GPi) has been proven to be a successful treatment for primary dystonia. The evidence in DBS for primary dystonia 
is widespread discribed, but the results in secondary dystonia are unclear. A crucial part of the surgical procedure 
contains the anatomical accuracy of the implanted electrode comparing with the obtained target. 
Methods: A 57-year old male patient developed a severely disabling cervical dystonia, secondary the longterm 
neuroleptic drug intake for Bipolar Disorder. Best medical treatment did not lead to satisfactory results. The patient 
was accepted for surgical treatment. Preoperative 3T MRI protondensity and T1 MPRAGE with gadolinium 
sequences images were made with a Siemens Skyra 3T MRI under general anesthesia. Direct targeting through 
visualization of the GPI in protondensity images was done. After attachement of a CRW frame, CT guided 
stereotactic images were made and fused with the MRI images. Bilateral DBS of the GPi was performed under 
general anesthesia. The anatomical target was the posteroventrolateral part of GPi. Peroperative microrecordings and 
macrostimulation were used to verify the correct electrophysiological location and estimate the threshold for 
especially capsular motor side effects. There were no surgical or postoperative complications. 
Results: The patient developed 90% relieve of the symptoms, starting the days after surgery without any side 
effects. 
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Conclusions: The success of DBS correlates with the anatomical accuracy of the implanted electrode. The error 
between anatomical target and the final electrode trajectory can be decreased by improving the quality of the 
preoperative MRI images. Anatomical landmarks are better defined with specialised MRI settings. General 
anesthesia avoids motion artifacts during the MRI and the surgical treatment. More evidence has to be obtained for 
surgical treatment with DBS in secondary dystonia. 
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2033 
Impact of pallidal deep brain stimulation on activities of daily living in patients with craniocervical dystonia – 
a multi-center survey 
J. Huebl, T. Andermann, C. Blahak, J. Krauss, M. Südmeyer, J. Volkmann, K. Bötzel, A. Wolters, A. Kühn (Berlin, 
Germany) 
Objective: To assess the impact of pallidal deep brain stimulation (DBS) on activities of daily living (ADL) in 
patients with primary craniocervical dystonia (CD). 
Background: Pallidal DBS is an effective treatment option for severe CD when botulinumtoxine treatment has 
failed. Dysarthria has been described as a common side effect of pallidal stimulation in generalized dystonia. 
However, only in patients with focal dystonia it has been recognized that mild bradykinesia up to full parkinsonian 
phenotype may occur with chronic pallidal DBS. 
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Methods: We conducted a multi-center survey in a cohort of 51 patients (mean age 58±10) with primary CD who 
underwent pallidal DBS with stable stimulation parameters for at least 3 months. The survey included a 
questionnaire with 34 items of ADL. Patients were asked to rate subjective changes in ADL compared to the pre-
operative state based on a 5-point-Likert-scale (improved; no change; mild, moderate or severe deterioration). 
Furthermore, a rating of an overall post-operative improvement of dystonia was assessed via a visual analogue scale. 
Results: Patients reported a mean subjective improvement of dystonia by 62% (±26) with pallidal DBS. ADL 
improvement was reached on average in 11 out of 34 items, whereas a mean of 8 items deteriorated in a range from 
mild to severe. Among the top3 ADL items, which improved most consistently were ‘cut food with knife and fork’ 
(55%), ‘hold and read a newspaper’ (51%), ‘use a spoon to eat a soup’ (49%). On the other hand, activities which 
deteriorated post-operatively included ‘handwriting’ (58%), ‘general mobility’ (51%) and ‘speaking loud and clearly 
on the phone’ (49%), [figure1]. Worsening in ADL items related to bradykinesia (17 out of 34 items) was mentioned 
by 80% of patients, again from mild to severe. 
Conclusions: Our results emphasize that despite an overall functionally meaningful improvement in dystonia by 
pallidal DBS certain ADL that require fine motor skills can deteriorate post-operatively. Bradykinesia should be 
discussed as a potential side effect when counseling patients before DBS surgery. It will be important to evaluate to 
which extent stimulation parameters and even more importantly electrode location contribute to these side effects. 

 

2034 
Appendectomy and risk of Parkinson’s disease: A meta-analysis using real-world evidence 
S. Hussain, A. Najmi (New Delhi, India) 
Objective: This meta-analysis is aimed to explore the association between appendectomy and Parkinson’s disease 
(PD) risk. 
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Background: Parkinson’s disease is recently recognized as a systematic disease with prominent effects on the gut. 
Studies proposed movement of alpha-synuclein from the gut to the brain in PD and appendix has rich content of 
alpha-synuclein. Epidemiological studies found significant association between appendectomy and PD risk, while 
there are studies which found no association. So, this meta-analysis is aimed to understand the association between 
appendectomy and PD risk. 
Methods: PubMed, Embase and Cochrane database were searched for the published studies assessing the 
association between appendectomy and PD risk. Articles were searched through detailed search string consists of 
keywords related to appendectomy and PD till February 2019. Studies quality was assessed using the Newcastle-
Ottawa scale. The primary outcome was to quantify the pooled PD risk in patients underwent surgery 
(appendectomy). Pooled risk based on sex, follow-up time and others were considered under secondary outcomes. 
Heterogeniety was assessed using Cochrane chi-square test and I2 test. Review Manager (RevMan v 5.3) was used 
for the statistical analysis. 
Results: This meta-analysis was based on five articles comprised of 11,18,832 patients of whom 2,25,165 patients 
underwent surgery (appendectomy). All the included studies were of high quality. A detailed study design 
characteristics are presented in Table 1. A significant association was found between appendectomy and PD risk 
with a pooled relative risk (RR) of 1.10 (95% CI: 1.03 – 1.17), p = 0.006 (Fig.1). PD Risk was even higher in female 
patients who underwent appendectomy [RR 1.12 (95% CI: 1.00 – 1.25), p =0.04]. Appendectomy was not found to 
be associated with increased PD risk after 15 years of surgery (p = 0.58). 
Conclusions: Appendectomy was found to be significantly associated with the small increase in PD risk. However, 
to confirm or counter the findings well-designed randomized controlled trials are warranted. 
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2035 
Long-term Motor and Non-motor Outcomes in Parkinson’s Disease Following Deep Brain Stimulation 
D. Isaacs, T. Davis, F. Phibbs, J. Fang, A. Nagy, H. Koons, T. Hassell, P. Konrad, H. Yu, P. Hedera (Nashville, TN, 
USA) 
Objective: We aimed to monitor long-term motor, non-motor, and quality of life outcomes in PD patients with STN 
and GPi DBS. 
Background: Both STN and GPi DBS provide comparable motor symptom efficacy in PD, based on evaluations up 
to 3 years post-implantation. However, clinical indications may exist for favoring one target over the other. 
Compared to their GPi DBS counterparts, STN DBS reduce to a greater extent their medication burden, but they 
exhibit more frequent speech difficulties, cognitive depreciation; and depression. Whether such differences by target 
resolve, persist, or deepen over time is unclear, as is the long-term impact of DBS on many motor and non-motor 
symptoms. 
Methods: We recruited a convenience cohort of 40 PD patients at least 2 years post-DBS surgery. Subjects agreed 
to an on-medication visit comprised of a video-recorded MDS-UPDRS III, Montreal Cognitive Assessment 
(MoCA), Beck Depression Inventory II (BDI II), and Parkinson’s Disease Questionnaire-39 (PDQ-39). Four 
movement disorders trained neurologists served as blinded raters; 2 raters viewed each video: one scored with the 
MDS-UPDRS III and the other with the UPDRS III. All patients also had pre-operative video-recorded UPDRS Part 
III (UPDRS III), which were re-rated by the same neurologist assigned to that subject’s current UPDRS III video. 
Rigidity was not scored on video-rated examinations. 
Results: 40 patients enrolled: 27 STN and 13 GPi DBS patients, for a cumulative follow-up time of 2,407 person-
months. Disease duration at surgery (STN 9.9 yrs, GPi 9.2 yrs), pre-DBS LEDD (STN 1416, GPi 1423), UPDRS III 
Off/On (STN 41.2/19.0, GPi 41.2/22.2), and age at study visit (STN 66.1 yrs, GPi 65.0 yrs) were similar between 
groups; time since DBS surgery differed (STN 65.3 mos, GPi 49.5 mos). Mean video-rated on-medication UPDRS 
III (STN 23.4, 24.8) and MDS-UPDRS III (STN 27.4, GPi 33.5) scores were comparable and did not diverge when 
stratified by years post-surgery. STN patients had significantly lower LEDD (STN 813, GPi 1300). MoCA (STN 
23.0, GPi 21.0) and BDI II (STN 16.1, GPi 19.2) were similar. PDQ39 summary index reflected higher quality of 
life in STN (29.1) than GPi (40.2) patients. No significant correlation existed between UPDRS III change and 
months post-surgery. 
Conclusions: Ongoing efforts are necessary to establish longitudinal impact of DBS on symptoms and quality of 
life. 

2036 
A case of dystonia with dystonic tremor treated with DBS targeting the VOA and VIM thalamus 
L. Jackson, B. Klassen, J. Bower, F. Ali (Rochester, MN, USA) 
Objective: To report a case of early onset dystonia with dystonic tremor secondary to pediatric stroke of the basal 
ganglia treated with alternative deep brain stimulation (DBS) targets. 
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Background: The primary target for dystonic tremor is the globus pallidus pars interna (GPi). This is often not an 
option for patients who have secondary dystonia with dystonic tremor due to structural damage, as they tend to be 
less DBS responsive. Ventro-intermedio-medialis (VIM), and ventralis oralis anterior (VOA) both have outputs to 
the pallidal and cerebellar outflow tracts respectively, and separately have been used has targets for dystonia and 
dystonic tremor with limited results, but have rarely been used together [1,2]. 
Methods: Case report. 
Results: A 27-year-old man with a history of attention deficit hyperactivity disorder (ADHD) and a left basal 
ganglia infarct at age six with no residual deficits developed jerking of the right arm at age 12. This progressed 
slowly over the next few years and evolved into right lower extremity paresis and dystonia. He was ultimately 
diagnosed with post-stroke right hemi-dystonia with dystonic tremor and presented to Mayo Clinic for consideration 
of DBS. Functional neuroimaging was performed using paired neurolite Single Positron Emission Computed 
Tomography (SPECT) scans, with radiotracer injections given during dystonia activation (walking and using the 
right arm) versus inactivation (at rest) in order to assess anatomical foci responsible for dystonia (Figure 1). No 
single focus responsible for dystonia was found. Ultimately, he underwent a dual lead unilateral VIM/VOA-DBS 
stimulator placement with improvement in his dystonia and dystonic tremor several weeks after implantation. 
Conclusions: Dual lead unilateral VIM/VOA-DBS is an effective treatment for dystonia and dystonic tremor 
resulting from a basal ganglia stroke; larger cohort studies are needed to further confirm these results. 
References: [1] Morishita T, Foote KD, Haq IU, Zellman P, Jacobson C., Okun MS. Should we consider Vim 
Thalamic Deep Brain Stimulation for Select Cases of Severe Refractory Dystonic Tremor. Stereotact Funct 
Neurosurg 2010;88:98-104. [2] Foote KD, Seignourel P, Fernandez HH, Romrell J, Whidden E, Jacobson C, 
Rodriguez RL, Okun MS. Dual electrode thalamic deep brain stimulation for the treatment of posttraumatic and 
multiple sclerosis tremor. Neurosurgery 2006 Apr;58(4 Suppl 2): ONS-280-5. 
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2037 
Metabolic Surgery in the adjuvant management of Parkinson's Disease 
C. Jauregui Pasache, W. Kunz Martínez, A. Pérez Pacheco (Querétaro, Mexico) 
Objective: To explore the effect of metabolic surgery (Bipartition of Intestinal Transit) on Parkinson's Disease 
(PD). 
To compare the effects observed with those presented in patients with PD, managed with Exenatide (analogs of 
GLP-1, an enterohormone). 
Background: This is the first series of patients with PD undergoing metabolic surgery in order to modify the 
evolution of their condition. Metabolic surgery favors changes that can prevent neurodegeneration and even favor 
neuro-regeneration. It has been verified that the primary bile acids (ursodeoxycholic acid) and the products of their 
conjugation can reduce the proinflammatory state, decrease the concentration of tumor necrosis factor and reduce 
the levels of nuclear factor kappa-beta, as well as decrease the apoptosis via the caspases3 and reestablish 
mitochondrial function. In the other hand, exposure to high concentrations of enterohormones or their analogs may 
favor motor and cognitive advantages in patients with PD. However, dual analogs (GLP-1 / GIP) show better 
performance than GLP-1 analogs, increasing cell populations that express tiroxin hydroxylase in the murine 
model. Our results suggest, at least, the need to conduct a further study to verify our findings. 
Methods: 5 patients with clinical Parkinson's Disease 2-3 from Hoen & Yahr. 
Undergoing Bipartition of Intestinal Transit (Figure 3). 
1-year follow-up with management established by the Department of Neurology and surveillance by the Department 
of Endocrine Surgery. 
Graphpath (www.graphpad.com) and Wilcoxon and U of Mann Whitney tests were used to analyze the results of the 
Unified Parkinson's Disease Ranking Scale (UPDRS). 
Results: The 5 patients were operated on without presenting major complications. No patient developed 
malnutrition or malabsorption. The dose of Levo / carbidopa was reduced to 25% of the preoperative levels. During 
follow-up, we obtained: a) an improvement in its performance in part 3 of the UPDRS, in addition to a b) 
statistically significant improvement when compared with the results of patients undergoing Exenatide. (Figure 4). 
Conclusions: The bipartition of intestinal transit is a pure metabolic surgery procedure that favors an improvement 
in the motor performance of patients with Parkinson's disease. The performance of the bipartite intestinal transit is 
statistically superior to that of exenatide to improve the clinical conditions of patients with Parkinson's disease. 
References: 1. Houser MC NPJ Parkinson´s Disease 2017;3:3 2. Felice VD et al. Parkinsons & Rel Dis 2016;27:1-8 
3. Abdelkader NF et al. Mol Neurobiol 2015 doi:10.1007/s12035-014-9043-8 4. Xavier JM et al. Cell Cyce 2014 
doi:10.4161/15384101.2014.962951 5. Aviles Olmos I, et al. J Parkinson´s Dis 2014;4:337-344 6. Athauda D et al. 
Lancet 2017;390 (10103):1664-75 7. Feng P et al. Neuropharmacol 2018;133:385-94 
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2038 
The origin of stimulation-induced dysarthria in ET patients after VIM/PSA-DBS: Atactic, spastic or both? 
H. Jergas, J. Petry-Schmelzer, J. Becker, T. Thies, J. Steffen, V. Visser-Vandewalle, T. Dembek, M. Barbe (Cologne, 
Germany) 
Objective: To investigate the origin of stimulation-induced dysarthria (SID) in essential tremor (ET) patients with 
bilateral deep brain stimulation (DBS) in the ventral intermediate nucleus (VIM) or the posterior subthalamic area 
(PSA). 
Background: SID is one of the most common side-effects of DBS in ET patients. Previous studies hypothesized 
that stimulation of corticobulbar or cerebellothalamic fibers might result in spastic or atactic deterioration of speech 
but to date the exact pathomechanisms remain unknown [1-3]. 
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Methods: Side-effect thresholds were determined in ET patients after bilateral DBS for all contacts in randomized 
order Speech analysis including oral diadochokinesis and reading of a standardized text were conducted without 
stimulation, at onset of SID, and with the maximum amplitude tolerated. DBS leads were reconstructed using the 
LEAD-DBS toolbox [4]. Thresholds of SID, spastic (muscle contractions), and atactic (ICARS item 10) side-effects 
at different electrode depths (z≤-1.5mm; -1.5>z<1.5mm, z≥1.5mm; all in relation to MCP) were analyzed, using 
linear mixed effect models. 
Results: We included 14 ET patients (2 VIM, 12 VIM/PSA), resulting in 112 contacts analyzed. Thresholds for 
SID, spastic, and atactic side-effects increased from ventral to dorsal (p<0.05). The proportion of atactic symptoms 
associated with the onset of SID decreased from ventral to dorsal, while the proportion of spastic symptoms 
associated with the onset of SID increased from ventral to dorsal (Figure 1). Figure 1 – Symptoms associated with 
the onset of stimulation-induced dysarthria [figure1] Fig. 1: The proportion of ataxia associated with the onset of 
SID decreased from ventral to dorsal while the proportion of spastic side-effects increased. 
Conclusions: Our preliminary results demonstrate, that SID often occurs in combination with spastic and/or atactic 
side-effects. The opposed ventrodorsal gradient for the proportion of atactic versus spastic symptoms associated 
with the onset of SID is in line with the anatomical course of cerebellothalamic and corticobulbar fibers. However, 
further investigations including detailed phonetic analysis and tractography is needed. 
References: [1] Becker J, Barbe MT, Hartinger M, et al. The Effect of Uni- and Bilateral Thalamic Deep Brain 
Stimulation on Speech in Patients With Essential Tremor: Acoustics and Intelligibility. Neuromodulation 
2017;20(3):223-232. [2] Fenoy AJ, McHenry MA, Schiess MC. Speech changes induced by deep brain stimulation 
of the subthalamic nucleus in Parkinson disease: involvement of the dentatorubrothalamic tract. J Neurosurg 
2017;126(6):2017-2027. [3] Krack P, Batir A, Van Blercom N, et al. Five-year follow-up of bilateral stimulation of 
the subthalamic nucleus in advanced Parkinson's disease. N Engl J Med 2003;349(20):1925-1934. [4] Horn A, Li N, 
Dembek TA, et al. Lead-DBS v2: Towards a comprehensive pipeline for deep brain stimulation imaging. 
Neuroimage 2018. 
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2039 
Strategies for Implementation of a Quality Improvement Registry for DBS in Parkinson's Disease 
J. Jimenez-Shahed, P. d'Haese, J. Kirk, M. York, A. Berg, L. Shih, J. Schwalb, J. McInerney (Houston, TX, USA) 
Objective: To describe the implementation of a quality improvement (QI) patient registry for deep brain stimulation 
(DBS) in Parkinson's disease (PD).  
Background: QI projects are a form of health effectiveness research focused on measuring and monitoring 
outcomes in order to secure positive change. Participating sites share performance on these quality measures and 
engage in active discussion. Continuous data collection relating to clearly defined quality measures for patients 
undergoing DBS for PD has not been previously performed.  
Methods: A multidisciplinary registry planning committee identified core data elements for inclusion in a multi‐site 
registry called RAD‐PD after review of existing resources. Relevant data elements were selected to minimize site 
burden and maximize use of patient reported outcomes (PROs). A central IRB granted an exemption determination. 
The CranialCloud is a web-based interface used as the data entry portal and repository for RAD-PD, which was 
deployed to all participating sites. A patient “report card” of individual progress with DBS was created in OUR‐
DBS, a dedicated patient portal for the registry. A patient storyboard (based on outcome measures) and benchmarks 
(based on data elements and the registry visit schedule) are dashboarded to sites.  Quarterly QI meetings are used to 
review opportunities and strategies for improvement in DBS procedures and outcomes.  
Results: RAD-PD launched in October 2018. 10 sites were activated in the first year of the project following a 
structured site activation process and the first patient was enrolled in March 2019. Issues surrounding data sharing 
and HIPAA compatibility were the main concerns before site approval for use of the data repository. Site-specific 
IRB-related concerns were another matter of discussion prior to site activation. Enrolled subjects are asked to sign 
informed consent for participation and data sharing, with specific strategies required for recruitment and retention.   
Conclusion: RAD‐PD site activation (10 new sites in year 2) and patient enrollment actively continue, with the 
potential for close to 500 subjects enrolled in the first 2 years of the project.  QI projects pose a unique but navigable 
regulatory challenge especially when informed consent and data sharing are anticipated. The QI framework allows a 
unique forum for discussion of best practices and practice challenges, and will empower participating sites to 
implement and monitor changes in therapeutic delivery that will improve patient outcomes from DBS in PD. 

2040 
Effects of rechargeable battery of deep brain stimulation on the quality of life and satisfaction in patients 
with Parkinson’s disease 
S. Jo, K.W. Park, N. Choi, M.S. Kim, H.S. Ryu, S.J. Chung (Seoul, Republic of Korea) 
Objective: We aimed to compare the quality of life and the satisfaction for the deep brain stimulation (DBS) 
surgery between patients with Parkinson’s disease (PD) who received rechargeable internal pulse generators (IPGs) 
and non-rechargeable IPGs. 
Background: Rechargeable IPGs (RC-IPGs) of DBS surgery for PD patients have improved the battery longevity 
compared with conventional non-rechargeable IPGs. Longer battery lifespan has clinical benefit (reduction of 
surgery frequency and surgical complications) and economic benefit. On the contrary, RC-IPGs require PD patients 
to recharge the battery regularly which affects patient’s lifestyle. 
Methods: We analyzed PD patients who have undergone DBS surgery between January 2009 and October 2018. 
Patients who received RC-IPGs and non-RC IPGs were matched for age at disease onset, age at operation, sex and 
brain target for DBS at 1:2 ratio. The 36-item short form survey (SF-36), Parkinson’s Disease Questionnaire-39 
(PDQ-39) were done before and after DBS surgery. The 10-item questionnaire about the satisfaction of the surgery 
was conducted after the surgery. 
Results: Twelve PD patients who received RC-IPGs and 24 patients with non-RC IPGs were included. Baseline 
Unified Parkinson’s Disease Rating Scale (UPDRS) were not different between two groups. Scores of SF-36 and 
PDQ-39 showed improvement after DBS surgery in both groups, without statistically significant differences 
between two groups. PD patients in both groups (83% of RC-IPGs and 75% of non-RC IPGs) were satisfied with 
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DBS surgery (P = 0.571). There were more PD patients who would choose the same type of IPGs in the future in 
RC-IPGs (92%) group than in non-RC IPGs group (P= 0.002). 
Conclusions: This study suggests that PD patients may be more satisfied with RC-IPGs than non-RC IPGs. These 
findings may provide useful information for PD patients in decision-making for IPGs. 

2041 
Stimulation of the Left Anterior Sensorimotor Subthalamic Nucleus Improves Voice Function in Parkinson’s 
Disease 
A. Jorge, C. Dastolfo-Hromack, W. Lipski, I. Kratter, L. Smith, J. Gartner-Schmidt, R. Richardson (Pittsburgh, PA, 
USA) 
Objective: Determine the relationship of active contact location to postoperative changes in cepstral analyses of 
voice, following subthalamic nucleus (STN) deep brain stimulation (DBS) for Parkinson’s disease (PD). 
Background: As PD progresses, many patients suffer an increasingly significant decrease in their ability to 
communicate through speech. Indeed, voice and speech deficits impact a patient’s identity and social functioning. 
Despite the therapeutic efficacy of DBS related to motor symptoms in PD, there is no consensus regarding the effect 
of lead location on voice-related outcomes, as DBS has been reported to both improve and worsen various aspects of 
voice and speech function. 
Methods: Speech pathology evaluations were obtained from 14 PD subjects, before and after STN-DBS. 
Measures  included audio-perceptual voice ratings (overall severity, loudness, hoarseness changes), indices of 
dysphonia (cepstral peak prominence and cepstral spectral index of dysphonia), and phonatory aerodynamics. The 
contacts used for active stimulation at the time of the postoperative speech pathology evaluation were determined 
and assessed in relation to changes in voice measures. 
Results: Voice function following DBS remained relatively unchanged, averaged across the cohort. However, 
stimulation locations in the anterior portion of the sensorimotor region of the left STN were associated with 
improvements in voice severity scores, cepstral spectral index of dysphonia (CSID), shortness of breath, and 
phonatory airflow during connected speech [figure1]. Posterior locations were associated with worsening of these 
outcomes. Variation in the medial-lateral or dorsal-ventral location on the left, and in any direction on the right, did 
not correlate with any outcome measure. 
Conclusions: Active contact placement within the left anterior sensorimotor STN was associated with improved 
subjective and objective voice-related outcomes. These findings suggest a topography for voice-related STN 
function. 
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2042 
Functional and dysfunctional impulsivities changes after deep brain stimulation of the subthalamic nucleus 
R. KARDOUS, B. GIORDANA, L. STEFANINI, H. JOLY, A. MULLIEZ, C. GIORDANA, B. BAILET, M. BORG, J. 
YELNIK, J.J. LEMAIRE, M. BENOIT, D. FONTAINE (NICE, France) 
Objective: We investigated changes of impulsivity after deep brain stimulation (DBS) of the subthalamic nucleus 
(STN) in Parkinson’s disease (PD) patients, distinguishing functional from dysfunctional impulsivity and their 
contributing factors. 
Background: DBS-STN is routinely used to treat motor complications in PD (1). However, its impact on 
impulsivity in PD patients is controversial (2)(3)(4). 
Methods: Data of 33 PD patients treated by DBS-STN were studied before and 6 months after surgery: motor 
impairment, medication (dose and dopaminergic agonists), cognition, mood and occurrence of impulse control 
disorders. Impulsivity was assessed by the Dickman scale, which distinguishes functional impulsivity (FI), reflecting 
the potential for reasoning, premeditation and rapid action when the situation requires it, and dysfunctional 
impulsivity (DFI), reflecting the lack of prior reasoning, even when the situation demands it. The location of DBS 
leads was studied on postoperative MRI using a deformable histological atlas and by compartmentalization of the 
STN. 
Results: After DBS-STN, dysfunctional impulsivity was significantly increased (mean pre- and postoperative DFI 
scores 1.9 +/-1.6 and 3.5 +/-2.4, p <0.001) without change in functional impulsivity (mean pre- and postoperative FI 
scores 6.2 +/-2.7 and 5.8 +/-2.6). Factors associated with an >= 2 increase in DFI score were: a low pre-operative 
Frontal Assessment Battery (FAB) score (p=0.03), a high pre-operative on medication UPDRS score (p=0.02), and 
location of the left active contact in the ventral part of the STN (p=0.012). 
Conclusions: Our study suggests that DBS-STN may have a different impact on both dimensions of impulsivity, 
worsening pathological impulsivity without altering physiological impulsivity. The increase in dysfunctional 
impulsivity may be favoured by the location of the electrode in the ventral, limbic, part of the STN. 
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References: (1) Benabid AL, Chabardes S, Mitrofanis J, Pollak P. Deep brain stimulation of the subthalamic 
nucleus for the treatment of Parkinsonʼs disease. Lancet Neurol. janv 2009;8(1):67‐81 (2) Jahanshahi, M., Obeso, I., 
Baunez, C., Alegre, M., Krack, P., 2015. Parkinson’s disease, the subthalamic nucleus, inhibition, and impulsivity. 
Mov. Disord. 30, 128–140. https://doi.org/10.1002/mds.26049 (3) Rossi, P.J., Shute, J.B., Opri, E., Molina, R., 
Peden, C., Castellanos, O., Foote, K.D., Gunduz, A., Okun, M.S., 2017. Impulsivity in Parkinson’s disease is 
associated with altered subthalamic but not globus pallidus internus activity. J. Neurol. Neurosurg. Psychiatry 88, 
968–970. https://doi.org/10.1136/jnnp-2016-315325 (4) Broen, M., Duits, A., Visser-Vandewalle, V., Temel, Y., 
Winogrodzka, A., 2011. Impulse control and related disorders in Parkinson’s disease patients treated with bilateral 
subthalamic nucleus stimulation: a review. Parkinsonism Relat. Disord. 17, 413–417. 
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2043 
“Dual Frequency” Deep Brain Stimulation Paradigm for Axial Symptoms in Parkinson’s Disease 
J. Karl, B. Ouyang, L. Verhagen Metman (Chicago, IL, USA) 
Objective: To report the outcome of a DBS paradigm aimed at reducing axial symptoms after prolonged STN DBS. 
Background: High frequency stimulation (HFS) is more effective for appendicular than axial symptoms. Low 
frequency stimulation (LFS) may reduce gait, balance, and speech impairment, but often results in worsening of 
appendicular symptoms. The interleaving function allows delivery of two programs on each lead. We used this to 
create a paradigm (interleave-interlink, IL-IL) with a combination of low and high frequencies. 
Methods: IL-IL consists of two overlapping LFS programs on each lead, with the overlapping area focused around 
the optimal electrode contact. This area receives HFS providing appendicular symptom control, whereas the non-
overlapping areas receives LFS to reduce gait, balance, and speech impairment. A randomized, double-blind, cross-
over trial comparing optimized conventional-HFS and IL-IL was completed. Each arm was 2 weeks long in 
duration. The primary outcome measure was the CGI-S-patient. Secondary outcome measures included CGI-S-
clinician, MDS-UPDRS-I-IV, PDQ-39, FOG-Q, stand-walk-sit-test (SWS), and patient preferred setting. 
Results: Twenty-five patients (mean 5.57 ± 3.1 years since DBS) were recruited, 20 completed, and 5 dropped out. 
Fourteen patients preferred IL-IL and 6 conventional-HFS. Carry-over was not detected between sequences so data 
from each period was combined and the paired t-test was used to compare each setting. The CGI-S patient for gait 
(p=0.01) and appendicular symptoms (p=0.001), CGI-S clinician for gait (p=0.01) and speech (p=0.02), MDS-
UPDRS-III (p=0.002), MDS-UPDRS-IV (p=0.003), PDQ-39 (p=0.002), FOG-Q (0.004), and SWS (p=0.01) were 
better in the IL-IL group compared to conventional HFS. There was no difference between groups in the CGI-S 
patient for speech (p=0.24), CGI-S clinician for appendicular symptoms (p=0.18), MDS-UPDRS-I (p=0.26) and the 
MDS-UPDRS-II (p=0.09). Results are detailed in [table1]. 
Conclusions: This is the first study demonstrating the effect of combining low and high frequency stimulation on 
axial symptoms. Patients on the IL-IL paradigm demonstrated an improvement in gait, balance, speech, and quality 
of life. IL-IL did not provide inferior appendicular symptom control. The IL-IL paradigm may be useful in patients 
with continued axial symptom impairment that cannot otherwise be controlled with conventional programming 
techniques. 
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2044 
Correlation of local field potentials (LFPs) to electromyography (EMG) of the rostral zona incerta (rZI) and 
subthalamic nucleus (STN) in Parkinson’s Disease (PD) 
D. Kern, L. Kahn, S. Ojemann, A. Abosch, J. Thompson (Aurora, CO, USA) 
Objective: To provide a proof of concept of correlating LFPs to EMG during multi tasks in PD subtypes. 
Background: Evidence highlights the unique contributions of the rZI and STN to disease profile and therapeutic 
benefit in DBS for PD. Differences in EMG and LFPs coherence of the rZI and STN differ during task performance 
(1). The contributions of rZI and STN afferent and efferent connections have also been described in akinetic rigid 
PD patients (2). DBS activation of these two targets results in unique clinical efficacy for improvement of rigidity, 
bradykinesia, and tremor; such as rigidity may improve best with stimulation in the region of the rZI while tremor 
may improve best with stimulation within the STN (3). Despite these findings, further research is warranted to better 
understand the physiology of the rZI and STN and their unique contribution to pathophysiology in PD. 
Methods: Standard microelectrode recordings (MER) was used to target STN (average 3 electrodes). During MER, 
LFP were recorded from the rZI, dorsal and ventral borders of the STN. These regions were predetermined on MRI 
and confirmed by MER. EMG electrodes were attached to forearm muscles. Patients performed tasks of the arm 
contralateral to DBS implanted side while recording was obtained at each of the predetermined locations: rest, 
flexion of arm and supination of forearm, flexion of arm and pronation of forearm, flexion of arm and flexion 
forearm at elbow, and finger to chin task. Each task was performed three times each with a duration of 20 
sec.  Analysis was performed offline and included correlation of LFP to EMG for each task and muscles activated, 
comparison of the differences between the coherence LFP to EMG for the rZI, dorsal and ventral 
STN.  Confirmation of placement of the DBS electrode was made by post-operative MRI with optimized imaging to 
visualize the rZI. 
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Results: Preliminary data indicate differences in the strength of correlation of LFP to EMG for all muscles and with 
different tasks. Overall, 3 muscles (FCR, ECR, and FCU) showed significant differences in coherence between the 
STN and rZI on 4 tasks. Further analysis is underway including analysis of PD subtypes. 
Conclusions: This promising pilot data demonstrates differences in the coherence of LFP to EMG between the rZI 
and the STN which appears to depend upon the muscles tested and tasks performed. 
References: 1. Reck C et al. Eur J Neurosci. 2009;29:599-612. 2. Florin et al. Eur J Neurosci. 2010;31:491 - 498. 3. 
Akram H, et al. NeuroImage. 2017 (158):332-345. 

2045 
Long term outcome of STN-DBS for Parkinson Disease patients using Directional mode setting programs 
K. Kimura, H. Kishida, T. Kawasaki, N. Ueda, F. Tanaka (Yokohama, Japan) 
Objective: To survey the long term effectiveness of the directional mode setting programs for Parkinson Disease 
patients with Subthalamic Deep Brain Stimulation (STN-DBS). 
Background: Background: STN-DBS is a symptomatic established treatment for advanced Parkinson Disease (PD). 
Appropriate programming is essential for maximizing the effect of the therapy. Inappropriate setting results 
stimulation evoked complications such as capsular response or psychiatric problems. Directional lead is developed 
for fine stimulation controls. We evaluated long term outcome of STN-DBS using directional mode settings. 
Methods: Methods: We include forty-eight PD patients receiving STN-DBS in this study. These forty-eight patients 
received bilateral STN-DBS using Boston Scientific Vercise series IPGs and Boston Scientific Twist eight contacts 
DBS leads or Cartesia Directional leads. These patients were divided into two groups. Directional mode (DL) 
settings group includes patients implanted with directional leads and receiving DL setting programs. Patients 
implanted with conventional leads, or directional leads receiving ring mode setting programs were included to 
conventional (CV) setting group. We evaluated and compared long-term outcome of motor symptoms and DBS 
program at twelve and twenty-six weeks after implantation between DL setting group and CV setting group. 
Results: Results: twenty-eight patients received DBS with directional lead, and eighteen of them received DL 
settings. There was no significant difference in UPDRS-III reduction rate (58.1% in DL and 58.9% in CV). The 
current value of the DL setting was lower than conventional mode settings (4.10±0.55mA in DL and 6.58±2.70mA 
in CV (p<0.05)). 
Conclusions: Conclusions: although we could not detect the difference for motor improvement between the devices, 
the lower current was needed for DL settings compared to conventional settings. That meant directional mode DBS 
needed lower current for motor control. DL stimulation is hard to evoke complications, because lower stimulation is 
difficult to evoke complications. As the disease progresses, it is sometimes necessary to strengthen the current 
values, so the DL settings leaves room for future adjustment. 

2046 
Effects of deep brain stimulation of the subthalamic nucleus on the postoperative levodopa response: one year 
follow up 
E. KOCABICAK, O. YILDIZ, D. AYGUN, Y. TEMEL (SAMSUN, Turkey) 
Objective: In this study, we planned to research the effect of preoperative levodopa response to postoperative 
levodopa response and clinical outcome. 
Background: Deep brain stimulation (DBS) of the subthalamic nucleus (STN) is a safe and successful treatment in 
advanced Parkinson's disease (PD). However, the effects of DBS of the STN on the postoperative levodopa response 
are unclear. 
Methods: Forty-nine (29 men and 20 women)  PD patients undergoing bilateral DBS of the STN were included in 
this study. Data were obtained from all patients for the analysis a year follow-up. Their clinical motor symptoms 
were assessed preoperatively by UPDRS Part III score in both OFF (at least 12 h after the last levodopa dose) and 
ON (1.5 times the optimal morning dose of levodopa) medication states. Preoperatively and postoperatively, the 
percentage difference between these two scores was evaluated as levodopa response.  Postoperatively, the 
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assessments were obtained in three consecutive conditions (off-medications/ off-stimulation, off-medications/on-
stimulation, on medications/on-stimulation). 
Results: Mean age was 54.6 ± 9 years (a range of 27–70 years).  Levodopa response significantly decreased 
postoperatively by 32 % a year, possibly related to the reduction in medication requirement, direct STN stimulation 
effect or PD progression. Compared with preoperative med on and postoperative stim on / med on scores, the 
clinical results of the first year were obtained and an improvement of 20% on the UPDRS 3 score was observed. 
Compared with preoperative levodopa response and clinical outcomes, better clinical results were obtained in 
patients with higher preoperative levodopa response (P <0.05). 
Conclusions: In this study, we confirm that the response of L-dopa decreases after DBS of the STN. The reasons for 
this finding are not clear. However, DBS of the STN allows for the reduction of PD medications and improvement 
of daily life activities, motor function, motor fluctuations, and dyskinesia. Although the benefit from medication has 
decreased over time, the benefit of DBS for stim on med on scores remains prominent in the first year.  Also, the 
preoperative L-dopa response predicted the improvement from DBS at a year following surgery. As a result, the 
response to levodopa is useful in demonstrating efficacy in the first year of STN DBS, although it decreases in the 
postoperative period. 
References: 1- Schrag, Anette, and Niall Quinn. "Dyskinesias and motor fluctuations in Parkinson's disease: A 
community-based study." Brain 123.11 (2000): 2297-2305. 2- Schuepbach, W. M. M., et al. "Neurostimulation for 
Parkinson's disease with early motor complications." New England Journal of Medicine 368.7 (2013): 610-622. 3- 
Benabid, A. L., et al. "Acute and long-term effects of subthalamic nucleus stimulation in Parkinson's disease." 
Stereotactic and functional neurosurgery 62.1-4 (1994): 76-84. 4- Kocabicak, Ersoy, et al. "Is there still need for 
microelectrode recording now the subthalamic nucleus can be well visualized with high field and ultrahigh MR 
imaging?." Frontiers in integrative neuroscience 9 (2015): 46. 5- Piboolnurak, Panida, et al. "Levodopa response in 
long‐term bilateral subthalamic stimulation for Parkinson's disease." Movement Disorders 22.7 (2007): 990-997. 6- 
Morishita, Takashi, et al. "DBS candidates that fall short on a levodopa challenge test: alternative and important 
indications." The neurologist 17.5 (2011): 263. 7- Vingerhoets, François JG, et al. "Subthalamic DBS replaces 
levodopa in Parkinson’s disease: two-year follow-up." Neurology58.3 (2002): 396-401. 8- Kumar, R., et al. 
"Double-blind evaluation of subthalamic nucleus deep brain stimulation in advanced Parkinson's disease." 
Neurology 51.3 (1998): 850-855. 9- Yamada, K., et al. "Effect of bilateral subthalamic nucleus stimulation on 
levodopa-unresponsive axial symptoms in Parkinson’s disease." Acta neurochirurgica 150.1 (2008): 15-22. 10- 
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2047 
Directional Deep Brain Stimulation Lead Implantation: A Single Center Experience 
R. Kochanski, A. Borghei, G. Pal, L. Verhagen Metman, F. Lynn, J. Karl, S. Sani (Chicago, IL, USA) 
Objective: The authors’ experience with implantation of the first 100 patients implanted with Abbott St. Jude 
Medical Infinity™ DBS lead system. 
Background: The introduction of segmented leads for DBS surgery provides the theoretical advantages of steering 
current away from unintended structures, enhancing efficacy, and reducing the generator energy expenditure. The 
Abbott St. Jude Medical Infinity™ system has been commercially available for implantation in US and Europe. We 
report our center’s initial experience with implanting these leads in 100 patients with this system. Technical nuances 
and initial programming considerations will be discussed. 
Methods: All patients that underwent DBS implantation with the Infinity™DBS lead system over a 22-
month[SBS1] period were analyzed. Demographic information and procedural data including operative time, lead 
placement radial error and complications were recorded. Programming settings including voltage, pulse width, 
frequency and ring vs. segmental modes at most recent follow up were also recorded.[SBS1]Use the follow up time 
for all 100+ patients. Although our data is limited now, we will present all 100 patients at the meeting. 
Results: A total of 64 (note: data for all 100 patients will be available at the time of presentation) patients were 
implanted with the Infinity™ DBS lead system.  Demographic information is shown in [table1].  The majority of 
patients (87.5%) underwent bilateral lead implantation.  The most common pathology treated was Parkinson’s 
disease (69%). Procedural information is listed in [table2].  The average radial error to target was 1.06±0.11 
mm.  There was one major complication (venous air embolism).  Average follow up time for assessment of 
programming parameters was 130 days.  Ring mode was utilized in 71% of hemispheres at most recent follow up 
with only 29% of hemispheres utilizing segmented current steering.  Programming parameters are shown in [table3] 
and [table4]. 
Conclusions: The Abbott St. Jude Medical Infinity™ DBS lead insertion necessitates particular attention to 
placement of segmented contacts at optimal depth. Lead orientation at time of surgery is difficult. Although the 
majority of leads at follow up were still utilizing ring mode, long term clinical outcome data is necessary to assess 
the touted benefit of segmental stimulation on therapeutic efficacy. 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

 

2048 
Local anesthesia vs general anesthesia in STN-dDBS operation: a clinical comparison of the outcome of 
patients with advanced Parkinson’s disease 
M. Koivu, J. Resendiz-Nieves, J. Eerola-Rautio, F. Scheperjans, R. Kivisaari, E. Pekkonen (Helsinki, Finland) 
Objective: To compare clinical outcome of patients with Parkinson’s disease (PD) treated with directional deep 
brain (dDBS) stimulation undergoing subthalamic deep brain stimulation operation (STN-DBS) under general 
anesthesia versus local anesthesia. 
Background: Generally, DBS operation is performed under local anesthesia with intraoperative test stimulation. 
Recently, operation under general anesthesia has become more popular with good clinical outcomes [1-2]. Long-
term follow-up studies using dDBS are sparse. We are conducting a comparative follow-up study on clinical 
outcome of dDBS in PD-patients who have undergone ‘asleep’ vs ‘awake’ operation. We present the preliminary 
results. 
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Methods: 9 patients were implanted with directional DBS system (St Jude Medical, Abbott) under general 
anesthesia (‘asleep group’) and 11 patients under local anesthesia (‘awake group’). The clinical outcome was 
evaluated with UPDRS-III, AIMS, PDQ-39, MMSE between the screening visit and at 6-month postoperative 
programming session. 
Results: There were no intraoperative adverse effects in the ‘awake’ or ‘asleep’ DBS operations. Two patients 
suffered from deep vein thrombosis (one from each group). 
UPDRS-III scores significantly reduced by median 41 % (IQR 8 – 87 % in asleep group and IQR 31 – 51 % in 
awake group), Figure 1. [figure1] 
LED reductions were significant, 42 % (IQR 22- 57 %) reduction in asleep and 57 % (IQR 48 – 70 %) in awake 
group, Figure 2. There were no significant between-group differences in LED or UPDRS-III changes (p=0.109 – 
0.968). AIMS score decreased significantly in both groups [8 points (IQR 5 – 8 points) in awake group and 11 
points (IQR 9 – 24 points) in asleep group] without between-group difference (p=0.126). MMSE and PDQ-39 
remained unchanged. 
[figure2] In both groups, directional stimulation was preferred (10/11 patients in the awake group and 8/9 patients in 
the asleep group). Median stimulation parameters were (awake vs asleep group): 2.45 mA (IQR 2.2 – 3.2 mA) vs 2.6 
mA (IQR 1.7 – 2.9 mA), 60 us and 130 Hz, impedances 1572 ohms (1156 – 1181 ohms) vs 1640 ohms (IQR 1206 – 
2050 ohms) without between-group differences (p=0.211 – 0.659). 
Conclusions: Our preliminary results showed that ‘awake’ vs ‘asleep’ dDBS seem to offer similar outcomes. Larger 
cohort study with a long-term follow-up comparing general vs local anesthesia and the clinical outcome is 
warranted. 
References: 1. Brodsky MA et al. Clinical outcomes of asleep vs awake deep brain stimulation for Parkinson’s 
disease. Neurology 2017, 89; 1944-1950. DOI: 10.1212/WNL.0000000000004630 2. Chen T et al. Clinical 
outcomes following awake and asleep deep brain stimulation for Parkinson’s disease. JNS 2018. DOI: 
10.3171/2017.8.JNS17883. 
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2049 
Analysis from genotype to phenotype: Improvement in freezing of gait after subthalamic deep brain 
stimulation (STN-DBS) in a Parkinson’s disease patient with copy number variations of Parkin gene 
L.W. Liu, W.F. Yu, J.L. Hu, S. Chen, Z.X. Zhao, Y.M. Liu (Jinan, China) 
Objective: To report a Parkinson’s disease (PD) patient with homozygous and heterozygous copy number variations 
of Parkin gene, showing greatly improvement in freezing of gait (FOG) after STN-DBS. 
Background: The molecular diagnosis of sporadic Parkinson’s disease is very important, in order to get precise and 
timely treatment, especially those with early-onset age and complexed motor complications. Patients with copy 
number variations of Parkin gene are commonly seen in early-onset PD, and usually show more severe clinical 
manifestations than simple sequence mutations. FOG is poorly controlled in PD patients and greatly affect the 
quality of daily life. Although Deep Brain Stimulation has been widely used, the improvement of FOG is still an 
obstacle need to overcome. 
Methods: Targeted gene capture sequencing and multiplex Ligation-dependent Probe Amplification（MLPA）was 
performed to confirm the genotype of the patient. Clinical features were carefully evaluated and recorded before and 
after the STN-DBS surgery. 
Results: A 60-year old man was referred to our clinic, complaining of bradykinesia and gait disorders for 15 years. 
The diagnosis of Parkinson’s disease was finally established. Levodopa and dopamine agonist agents were used and 
responded well at first. However, the patient developed obvious motor complications and FOG soon. Due to the 
early onset of age and rapid progression of motor fluctuations, we conducted gene detection to confirm the 
genotype, showing that the patient had dosage variations in Parkin gene (homozygous deletion in Exon4; and 
heterozygous deletions in Exon 2,3,5,6). Finally, the patient received the bilateral STN-DBS surgery one year ago. 
Low frequency and interleaving stimulation were implemented and the clinical manifestations improved greatly, 
especially the FOG. Although the patient still suffered from motor fluctuations, he showed great satisfaction about 
the STN-DBS treatment. 
Conclusions: Parkinson’s disease patient, with copy number variations in Parkin gene, may show severe motor 
complications and freezing of gait. The effects of levodopa and dopamine agonist agents are usually limited as the 
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disease progresses. The bilateral STN-DBS may be a satisfactory therapeutic strategy, and low frequency and 
interleaving stimulation can be considered after the surgery. 

2050 
VIM stimulation for refractory tremor -the Sheba experience 
V. Livneh, S. Korn, G. Yaalom, T. Karmon, H. Strauss, Z. Zibly, R. Spiegelmann, S. Baer (tel aviv, Israel) 
Objective: This study describes our center's experience with 26 patients who underwent surgery for thalamic ventral 
intermediate nucleus (VIM) stimulation between years 2008-2018 
Background: Deep-brain stimulation (DBS) is an established treatment for medically refractory tremor. Although 
there are known complications associated with the treatment especially in the long term. 
Methods: A retrospective analysis based on medical records of consecutive patients with medically refractory 
tremor of different etiologies that went through VIM-DBS surgery. 
Results: Out of 26 patients (16 males, ages 65±9.51 years at surgery) 17 had ET, 5 had PD, 2 had ET/PD, 1 had 
dystonic head tremor and 1 had cerebellar tremor,  14 went through bilateral and 12 unilateral VIM-DBS surgery. 
The duration of follow up ranged from 1 to 11 years, mean: 5±2.76 years. 20 patients showed significant initial 
improvement of tremor but 5 had some recurrence of tremor in the long term despite continued DBS and well-
located electrodes. The complications consisted of 2 patients with an IPG infection leading to removal of DBS 
system, 4 patients developed a cerebellar syndrome, 4 patients -dysarthria, and 2 of these turned off their IPG 
because of stimulation-induced side effects. 3 patients had to go through a second surgery because of displaced 
electrodes. 
Conclusions: Based on our experience and in correlation with other studies in the literature VIM DBS may have 
limited effects in the long term. In these cases other alternative may be considered, such as unilateral focused 
ultrasound thalamotomy in order to relieve tremor of the dominant hand. 

2051 
Shower Shock: Directional Lead Malfunction in a Patient with Vim DBS 
H. Lu, A. Garland Bacerra, E. Hogg, A. Perilla, A. Mamelak, M. Tagliati (Los Angeles, CA, USA) 
Objective: To report the occurrence of lead failure in a directional DBS system. 
Background: Lead failure is a known complications of DBS systems. However, the use of new technologies 
featuring directional leads has introduced new scenarios for hardware complications. We report the occurrence of a 
directional lead failure in a patient with bilateral VIM DBS for Essential tremor (ET). 
Methods: Case Report. 
Results: A 71 year-old man underwent bilateral VIM DBS implantation for disabling ET. Surgery was 
uncomplicated and initial programming provided excellent tremor suppression. Three months after initial 
programming, he developed episodic shock-like sensations in the left hand when showering. Painful paresthesias 
could be reproduced by touching the right shoulder with the left arm moving across the chest as if soaping. On 
routine device testing, program and system impedances were normal. Active settings were Left Vim 2.0 mAmp/60 
µsec/186 Hz/Contacts 2-C+, Right Vim: 2.8 mAmp/70 µsec/186 Hz/ Contacts 10(ABC)- C+. Initially, amplitude 
reduction to 1.6 mA on the right VIM appeared to resolve abnormal symptoms, although painful paresthesias could 
still be triggered by pressing on the right edge of the implanted pulse generator. At a second analysis, system and 
program impedances were again normal at rest. However, when performed in the triggering posture, a short circuit 
was detected for contact 9 and subsegment 10A – as documented by abnormally low impedance (112 ohms). 
Deselecting segment 10A completely resolved the shocks, even when intentionally repeating the triggering posture. 
Excellent tremor control of the left hand was maintained. 
Conclusions: This unusual hardware-related DBS complication was caused by transient short circuits triggered by a 
specific body posture. In this case, it was relevant to perform DBS system impedance testing in the specific trigger 
posture, as no abnormalities were detectable at rest. A similar malfunction in a classic annular contacts lead would 
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have resulted in likely loss of therapeutic efficacy, while the segmented design allowed for maintaining effective 
stimulation in the target area. To our knowledge, this is the first case report of a lead failure in a directional lead. 

2052 
Initial programming in STN-DBS for Parkinson's disease: Standard vs. Steered Stimulation 
R. Maciel, D. Soh, R. Munhoz, Y. Poon, S. Kalia, M. Hodaie, A. Lozano, A. Fasano (Toronto, ON, Canada) 
Objective: To evaluate, in patients with Parkinson’s disease (PD) undergoing subthalamic deep brain stimulation 
(STN-DBS), two methods for the initial programming of directional leads. 
Background: DBS leads allowing directional stimulation could expand therapeutic window (TW) and improve 
managing of side effects [1]. However, no standardized programming guidelines are available so far. 
Methods: Eight patients were randomized to being programmed starting with either standard ring-mode (‘standard’) 
or with steered (‘steered’) stimulation. Initial programming was conducted in an open-label fashion during 5 weekly 
visits. TW, side effect type and threshold, UPDRS-III scores, and levodopa equivalent daily dose (LEDD) were 
recorded for each patient. 
Results: Mean ages were similar (62.8±7.4 years in the standard stimulation vs. 64.0 ± 9.2 years in the steered 
stimulation, p= 0.84), as was disease duration (8.8±2.9 years vs. 12.0±1.0 years, p= 0.12). There was a significant 
difference between mean TW in standard vs. steered groups (2.0±0.7 mA vs. 2.4±0.9 mA, respectively, p= 0.036) 
and threshold for side effects (3.6±1.0 mA vs. 4.05±1.1 mA, respectively, p= 0.003). At the end of the study, all but 
one patient were on steered stimulation. Reasons for switching programming included dyskinesias (2 patients), 
dysarthria (1 patient) and stimulation-induced dystonia (1 patient). The only patient who maintained ring stimulation 
had dysarthria which improved after switching to low frequency stimulation. Side effects occurring in the steered 
group included one patient one patient with dyskinesias thought to be related to ongoing lesional effect. At the end 
of the study, all patients were considered to be optimally programmed, with improvement of side effects, with the 
exception of the patient with lesional-related dyskinesia. A mean 38.75% reduction of LEED (p=0.004) and 41.95% 
of UPDRS-III (p=0.008) was achieved compared to before DBS. 
Conclusions: Steering stimulation increases the TW of electrodes and allows programming flexibility for managing 
side effects. 
References: 1. Dembek TA, Reker P, Visser-Vandewalle V, et al. Directional DBS increases side-effect thresholds - 
A prospective double-blind trial. Mov Disord 2017;32:1380-1388. 

2053 
Impact of Sub-Thalamic Nucleus Deep Brain Stimulation on Cognition and Behavior in Parkinson Patients 
F. Mameli, F. Ruggiero, M. Reitano, E. Gianoli, D. Tedino, L. Borellini, F. Cogiamanian, S. Barbieri, A. Priori, R. 
Ferrucci (Milan, Italy) 
Objective: To assess cognitive and behavioral effects of the subthalamic nucleus Deep Brain Stimulation (STN-
DBS) in patients with Parkinson disease (PD). 
Background: STN-DBS surgery has been an established method to improve motor disabilities in PD patients. 
However, the effects of STN-DBS on cognitive functions and personality traits remain controversial. 
Methods: Fourteen idiopathic PD patients (men 8; [mean±SD] age 58.79 ± 7.22; education 13.43 ± 3.23) were 
evaluated before and 6 months after DBS surgery. We administered the Eysenck Personality Questionnaire-Revised 
(EPQ-R) to assess personality traits, the Montreal Cognitive Assessment (MoCA) to evaluate the global cognitive 
efficiency and Alternate Verbal Fluency (AVF) to test shifting abilities. The EPQ-R is a self-report questionnaire 
evaluates three dimensions of personality measured on a continuum: Extraversion/Introversion, 
Neuroticism/Emotional Stability, and Psychoticism/Socialization. 
The AVF offers a composite shifting index to capture the shifting cost a subject pays passing from performing the 
single fluency subtests to performing the alternate fluency subtest. 
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Results: Results showed that 6 months after STN-DBS surgery shifting abilities significantly improved (0.72±0.21 
vs 0.84±0.14, p=0.03). Conversely, there was no significant change in personality traits (p>.05) neither on global 
cognitive efficiency (p>.05). 
Conclusions: Our study revealed that, after 6 months, STN-DBS surgery in PD patients failed to influence the 
personality traits and global cognitive functions, nevertheless we found an enhancement on the ability to change 
mental set. Because AVF is sensitivity in revealing cognitive impairments in patients suffering from frontal–striatal-
related disorders, our findings provides evidence for the safety and efficacy of STN-DBS on complex mental 
operations. Future studies, including a greater number of patients and follow-up evaluations, are needed to confirm 
the results of this pilot study. 

2054 
Long-term follow up of unilateral focused ultrasound subthalamotomy for the treatment of motor features in 
asymmetric PD 
J. Máñez-Miró, R. Martinez-Fernandez, M. del Álamo, F. Hernandez-Fernandez, R. Rodríguez-Rojas, J. Pineda-
Pardo, F. Alonso-Frech, L. Vela-Desojo, J. Obeso (Móstoles-Madrid, Spain) 
Objective: To report long-term outcome of unilateral MR-guided focused ultrasound(MRgFUS) subthalamotomy 
for the treatment of PD cardinal motor features. 
Background: The development of MRgFUS as a minimally invasive approach to perform focal lesions in deep 
brain structures has revitalized ablation as a therapeutic approach for MDs.MRgFUS unilateral thalamotomy is an 
approved treatment for both essential(1) and parkinsonian tremor(2).Recently,two pilot studies showed safety and 
preliminary efficacy of both MRgFUS unilateral subthalamotomy(3) and pallidotomy(4) for the treatment of PD 
motor features. 
Methods: 7 out of 10 patients who had undergone unilateral MRgFUS subthalamotomy(April-June 2016) were 
followed-up for 24-30 months.Assessments included change from baseline of MDS-UPDRS III for the treated and 
untreated body sides,total motor MDS-UPDRS III,PDQ-39 for QoL,MDS-UPDRS II for activities of daily living 
and patient’s global impression of improvement(PGI-I).MDS-UPDRS III was evaluated after 24h of drug 
withdrawal for the OFF state and after taking patient’s daily levodopa dose for the ON state.LEDDs were 
calculated.Treatment-related adverse events were registered.Wilcoxon-t was used for comparison from baseline to 
last follow-up. 
Results: Table 1 shows baseline characteristics of the sample.Significant improvements from baseline were evident 
in the MDS-UPDRS III score for the treated side in both the off(36%,p=0.03) and on-drug(47%,p=0.02) 
states.(Figure 1)Contralateral rigidity and tremor remained significantly improved at last follow-up(48% off-med 
and 63% on-med,p=0.03 for rigidity, and 69% both off-med and on-med,p=0.02 for tremor) but not 
bradykinesia(9% and 17%,p=NS).Non-treated side worsened in both the off- (36%;p=0.03) and on-period 
(48%;p=0.02).Total MDS-UPDRS III improvements in off(15%) and on(22%) did not reach significance.MDS-
UPDRS II remained stable from baseline (6.4±3.7 vs 5.1±3.6;p=NS) while PDQ-39 scores did not worse(9.6±8.5 vs 
11.5±9;p=NS).LEDD remained stable (620±276 vs 565±222;p=NS).No long-term side effects appeared.No off-
dyskinesias were observed at last follow-up. 
Conclusions: Our results suggest that the benefits on PD motor features after unilateral MRgFUS subthalamotomy 
are sustained in the long-term for rigidity and tremor.The decayed in benefit observed for bradykinesia deserves 
further analysis for better understanding and optimization of the technique. 
References: 1. Elias WJ, Lipsman N, Ondo WG, et al. A randomized trial of focused ultrasound thalamotomy for 
essential tremor. N Engl J Med 2016; 375: 730–39. 2. Bond AE, Shah BB, Huss DS, et al. Safety and Efficacy of 
Focused Ultrasound Thalamotomy for Patients with Medication-Refractory, Tremor-Dominant Parkinson Disease: 
A Randomized Clinical Trial. JAMA Neurol. 2017 Dec 1;74(12):1412-1418. 3. Martínez-Fernandez R, Rodríguez-
Rojas R, del Álamo M et al. Focused ultrasound subthalamotomy in patients with asymmetric Parkinson’s disease: a 
pilot study. Lancet Neurol 2018; 17: 54–63. 4. Jung NY, Park CK, Kim M et al. The efficacy and limits of magnetic 
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resonance-guided focused ultrasound pallidotomy for Parkinson's disease: a Phase I clinical trial.J Neurosurg. 2018 
Aug 1:1-9. 
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2055 
DBS in Parkinson’s disease: Experience from Egypt 
A. Mansour, Z. Fayed (Cairo, Egypt) 
Objective: To highlight our Experience in DBS for Parkinson’s in Egypt, to our knowledge we are the first team for 
DBS in Egypt, and so far the team with the largest number of operated PD patients, in addition to following up and 
programming of many patients operated elsewhere. So we thought that it would be beneficial to publish and 
document our work. 
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Background: DBS became and effective and established treatment for selected cases of complicated  Parkinson’s 
patients, since its first introduction by Benabied in the late 1980s and early 1990s. STN is the most popular target for 
implantation in PD patients, however Gpi is the target in selected cases of Parkinson’s. Surgery should be 
considered when the patients’ symptoms are severe enough to justify the risk for operation. Complimentary team 
between the Neurologists and the Neurosurgeons is mandatory, Good candidate selection is the most important 
factor in the success of DBS surgery along with optimum electrode placement and experienced follow up and 
programming sessions for those patients along with expert medication adjustment. 
Methods: 10 Parkinson’s patients were included. All patients were selected according to CAPSIT-PD criteria, Base 
line preoperative scales were : UPDRS III in off , and on condition, MoCA test, PD Q 39 test, Non- Motor symptom 
assessment scale for Parkinson’s disease. UPDRS III, PD-Q 39 and Non-Motor symptom assessment scale for 
Parkinson’s disease were repeated postoperative after 6 months and one year. 
Results: Nine patients showed marked improvement in UPDRS III scale, PD Q 39, Non- Motor symptom 
assessment scale for Parkinson’s with statistical significant difference between preoperative and post-operative 
scales at 6 month and one year respectively. Three patients stop completely any levodopa or dopaminergic 
medications, and the others markedly reduced medications dosage. Regarding the Non Motor scale improvement 
were mainly and respectively in urinary domain, fatigue and sleep domain, miscellaneous domain, and 
gastrointestinal domain. No complications had occurred in any of our patients. 
Conclusions: DBS for Parkinson’s is doable in Egypt, and an effective modality of treatment for PD patients, it 
needs multidisciplinary team’s management, it is an effective treatment for motor and non -motor complications and 
leads to improvement of the quality of life of patients and their care givers. 
References: 1- Anna Castrioto, Eugénie Lhommée, Elena Moro and Paul Krack :Mood and behavioural effects of 
subthalamic stimulation in Parkinson’s disease, Lancet Neurol 2014; 13: 287–305. 2- Anthony E. Lang and Hakan 
Widner, Deep Brain Stimulation for Parkinson’s Disease: Patient Selection and Evaluation: Movement Disorders 
journal, Vol. 17, Suppl. 3, 2002, pp. S94–S101. 3- Anthony E. Lang, Jean-Luc Houeto, and Paul Krack et al., :Deep 
Brain Stimulation: Preoperative Issues, Movement Disorders Vol. 21, Suppl. 14, 2006, pp. S171–S196. 4- Marina 
Picillo , Andres M. Lozano , Nancy Kou , Programming Deep Brain Stimulation for Parkinson’s Disease:The 
Toronto Western Hospital Algorithms, Brain Stimulation, 2016. 5- Robert N. Holdefer, Bernard A. Cohen, and Karl 
A. Greene :Intraoperative Local Field Recording for Deep Brain Stimulation in Parkinson’s Disease and Essential 
Tremor, Movement Disorders, Vol. 25, No. 13, 2010, pp. 2067–2075. N.B: All preoperative and postoperative 
videos are available 

2056 
Tractography-based targeting of the ventral intermediate nucleus for asleep DBS implantation 
C. Matias, M. Alizadeh, J. Muller, A. Sharan, C. Wu (Philadelphia, PA, USA) 
Objective: To report the first prospective application of a specific tractography-based targeting in asleep DBS 
patients with essential tremor. 
Background: The ventral intermediate nucleus (VIM) of the thalamus is not clearly visible on 3T MR imaging 
sequences. Therefore, traditional VIM targeting for DBS implantation depends on atlas-defined coordinates relative 
to AC and PC. However, there is considerable individual anatomic variability and therefore, lead implantation is 
typically performed with the patient awake to allow for intraoperative testing. For a subset of patients that cannot 
undergo awake procedures due to high amplitude tremor or claustrophobia, an asleep procedure may be necessary. 
Prior studies have demonstrated the ability of white-matter tractography to segment thalamic nuclei based on 
connectivity from cortical grey matter. We report here the first prospective application of such tractography-based 
targeting in asleep DBS patients with essential tremor (ET). 
Methods: For four patients, cortical masks of the primary motor cortex (PMC) and primary sensory cortex (PSC), 
and subcortical thalamic masks were automatically segmented based T1W scan using Freesurfer software. These 
segments were co-registered to DTI space using rigid body transformation technique with 6 degrees of freedom. 
Thalamic motor and sensory connectivity segmentation was performed on preprocessed DTI data using probabilistic 
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tractography by selecting the cortical areas as initiation mask and thalamus as an inclusion mask. Voxels within the 
thalamus containing a higher density of fibers connected to PMC and PSC were segmented as VIM and VC, 
respectively, and used as landmarks during stereotactic planning (Figures 1 and 2). 
Results: All patients underwent successful asleep bilateral DBS implantation. Indication for an asleep procedure 
was patient preference for all cases. Tractrography-based VIM coordinates were found to be slightly more medial 
and posterior than atlas-based coordinates. Mean follow-up was 9.7 weeks (2 – 20 weeks). All patients exhibited 
good tremor control since surgery, with no significant stimulation side effects. All patients reported to be satisfied 
with the outcome. 
Conclusions: Advanced computer processing techniques, such as probabilistic tractography can be used as an 
additional tool for planning DBS electrode implantation, particularly in patients undergoing asleep procedures. 
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2057 
Strategies to minimize complications in deep brain stimulation in a series of 240 DBS procedures 
C. Matthies, R. Nickl, P. Capetian, J. Volkmann, R.-I. Ernestus, P. Fricke (Wuerzburg, Germany) 
Objective: DBS may improve quality of life in advanced movement disorders, but bears a significant risk of early 
and late complications such as hemorrhage, infection and material extrusion. Each surgical step needs close 
consideration in an intent to minimize any possible sequels. 
Background: Recently, unexpectedly high incidences of surgical revisions and implant ex-plantations have been 
reported put the whole method under discussion (Rolston et al. 2016). 
Methods: In a prospectively collected series of 240 DBS procedures (152 for Parkinson’s disease, 49 for dystonia, 
34 for essential tremor, 5 for rare indications) we applied special techniques in skin approach, burr hole closure, 
electrode fixation, placing of extensions, trajectory and target planning, micro-electrode selection and modification 
aiming for a minimal incidence of complications early (post-surgical in-clinic phase) and long-term with a 
(minimum follow-up of one year). 
Results: In 240 consecutive interventions, 473 electrodes (233 bilateral, 7 unilateral) were implanted after an 
average of 2 to 3 micro-electrodes for micro-recording and semi-macro-stimulation test applications. Early 
complications included one intra-operative epidural hematoma, ingle epileptic fits in 3 patients, no intracerebral 
hemorrhage (0.0%), no infection (0.0%). An idiopathic delayed onset edema was documented in 9 patients, 
temporary confusion in 10 PD patients. In 10 patients (0.4%), lead revision was performed because of insufficient 
stimulation effect (8 patients) or upward lead dislocation (2 patients). Long-term, two patients suffered skin lesions 
from repeated falls and needed material ex-plantation and re-implantation. One late electrode dislocation after 5 
years after repeated falls which was treated by successful stereotactic re-positioning. 
Conclusions: Careful consideration and optimization of each step of surgical planning and performance enable a 
significant reduction of morbidity in DBS. Certain biological phenomena such as idiopathic edema need further 
observation and investigation. Reliable interdisciplinary cooperation and careful patient evaluation early and long-
term are milestones for long-term quality in DBS treatment. 
References: Rolston JD, Englot DJ, Starr PA, Larson PS: An unexpectedly high rate of revisions and removals in 
DBS surgery: Analysis of multipe databases. Parkinsonism and related disorders 2016, 1-6. 

2058 
Directional leads in deep brain stimulation – surgical handling and evolving therapy options 
C. Matthies, P. Fricke, R. Nickl, P. Capetian, F. Steigerwald, J. Volkmann (Wuerzburg, Germany) 
Objective: To analyse the objective data and experiences in the application of directional leads (D-leads) in deep 
brain stimulation (DBS) for movement disorders. 
Background: Recent reports indicate difficulties in positioning lead segments as exactly as planned (Reinacher et 
al. 2017, Hallerbach et al. 2018). 
Methods: From September 2015 to October 2018, 96 patients (mean age 59.9 years, 34 females) underwent a DBS 
procedure with segmented leads (D-leads), for Parkinson’s Disease in 71, dystonia in 11 and tremor in 14 
patients. Data were prospectively collected and evaluated for the following parameters: intra-operative test results, 
reasons for D-lead, surgical handling, therapeutic window, configuration of electrode activation early and at a 
minimum follow-up of 3 months. 
Results: At test stimulation in awake patients (PD and tremor), the best therapeutic effect was obtained at 1.5mA/ 
1.7mA (left vs. right side). The intra-operative therapeutic window was 3.2mA (SD 1.4) on the left, 3.9mA (SD 2.1 
mA) on the right; in single cases it was below 2mA, but the trajectory identified as best responder was chosen for 
definite implantation. Decision for D-lead was taken for complex symptoms in 45% and small therapeutic windows 
in 55% of patients. Directional position was achieved by external marking, controlled by lateral fluoroscopy and 
intra-surgical correction by clockwise rotation. Early after surgery D-lead mode was activated only in 30% of 
patients. Within the first 3 to 6 months, the latter increased to 71%. Analysis of the electric fields shows that the 
presumed volume of tissue activated (VTA) takes a symmetric shape (spheric ball or dumbbell-shape) in 33%, while 
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67% take a non-symmetric shape (semi-spheric or mushroom). This asymmetry leads to VTA steering in a medial 
direction in 55% of the cases. 
Conclusions: While a narrow intra-surgical therapeutic window usually necessitates selection of another trajectory, 
D-lead implantation widens the surgical and therapeutic options and facilitates the decision for the trajectory with 
best response. Further, even when ring mode does not cause any side effects, the precise and efficient stimulation 
effects by D-mode led to its application in 71% within the first months after surgery. The theoretical calculation of 
the VTA reveals a high proportion of asymmetric electric fields, in the axial as well as in the cranio-caudal 
extensions. 
References: Reinacher PC, Krüger MT, Coenen VA, Shah M, Roelz R, Jenkner C, Egger K: Determining the 
Orientation of Directional Deep Brain Stimulation Electrodes Using 3D Rotational Fluoroscopy. AJNR Am J 
Neuroradiol. 2017 Jun;38(6):1111-1116. Hellerbach A, Dembek TA, Hoevels M, Holz JA, Gierich A, Luyken K, 
Barbe MT, Wirths J, Visser-Vandewalle V, Treuer H: DiODe: Directional Orientation Detection of Segmented Deep 
Brain Stimulation Leads: A Sequential Algorithm Based on CT Imaging. Stereotact Funct Neurosurg. 2018; 
96(5):335-341. 

2059 
Is reduction in UPDRS-3 OFF score the best indicator of response to DBS? 
P. Millar Vernetti, M. Rossi, C. Terroba Chambi, M. Merello (Buenos Aires, Argentina) 
Objective: to evaluate the utility and correlates of UPDRS III OFF scores as  indicators of response to DBS. 
Background: Changes in UPDRS III OFF scores have been often used as an indicator of response to DBS surgery. 
Consequently an artificial cut off of 30% of improvement has been set to divide responders (R) to non-responders 
(NR). In general values lower than 30% have been linked to DBS misplacement and/or erroneous indication. 
Methods: We compared 7 patients with a reduction of UPDRS III lower than 30% at the 12 months 
evaluation  from our data set operated in the last two years period, classified as NR, with 7 matched patients 
classified as R. Demographic, basal clinical and outcome variables were compared using Mann-Whitney’s U test. 
Results: NR patients (n: 7) age of onset: 56 interquartile range (IQR): 43 to 63 years; age at surgery: 68 years IQR: 
61 to 73; target: 5 GPi), and R patients (n: 7) age of onset: 56 year IQR: 50-59; age at surgery: 66 IQR: 63 to 71; 
target: 5 GPi. Baseline OFF UPDRS III were NR: 35 IQR: 31 to 49; R: 53 IQR: 45-57 (p=0.084).There were 
statistically significant differences in the percentage of reduction in baseline UPDRS III at 12 months follow-up (R 
46% IQR: 36 to 65%; NR 14% IQR: -6 to 25% p=<0.05). There were no statistically significant differences between 
NR and R patients in changes in UPDRS II (NR: 10.5% [-31% to 42%]; R: 37% [28.5% to 48.5%]), ON-UPDRS III 
(NR: 15% [14% to 29%]; R: 23% [9% to 36%]) or UPDRS IV (NR: 67% [57% to 81%]; R: 83% [46% to 100%]). 
Baseline UPDRS II, ON-UPDRS III and UPDRS IV showed no correlation with 12 month follow-up scores. Only 
baseline OFF-UPDRS III scores had a negative correlation with 12 month follow-up OFF-UPDRS III scores 
(Spearman’s rho: -0.82 p:<0.05). 
Conclusions: Our results show that in spite of a suboptimal reduction in OFF-UPDRS III-scores from baseline, NR 
patients still show improvement in ON-state scores,and motor complications. The severity of the  basal OFF 
measured by UPDRS III might be determinant of the degree of motor response measured by the reduction of said 
scale at follow-up, but not on the effect on motor fluctuations, and dyskinesias which can be in most of the patients 
the main indicators for surgery. The definition of R and NR might  need to involved wider evaluation than just off 
UPDRS III. 
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Withdrawn 

2061 
Deep Brain Stimulation as a Rescue When Duodenal Levodopa Infusion Fails: Report of 2 Cases 
N. Nathoo, T. Sankar, O. Suchowersky, F. Ba (Edmonton, AB, Canada) 
Objective: To describe two cases of patients with Parkinson’s disease (PD) where deep brain stimulation (DBS) 
was used a rescue therapy when duodenal levodopa infusion (LCIG) could not manage motor symptoms adequately. 
Background: When motor complications become disabling in PD, device-based therapies can be used including 
LCIG and DBS. LCIG can provide benefit for motor fluctuations and dyskinesias, but the benefit may not be 
sustained long-term. There are cases reported of patients being treated with LCIG after DBS, but not transition from 
LCIG to DBS. 
Methods: Case 1 (published previously) is a 63-year-old man with an 18-year history of PD who had been on LCIG 
for 2 years. He had 25% off time of waking hours and experienced significant dyskinesias that impacted his gait and 
balance. His UPDRS-III score was 30 when ON LCIG. He therefore underwent bilateral STN DBS. Case 2 is a 66-
year-old man with a 10-year history of PD who had been on LCIG for 2 years where he was experiencing motor 
fluctuations and dyskinesias for 25% of the day with worsening left distal lower limb dyskinesia and dystonia. His 
UPDRS-III score was 23 when ON LCIG. He underwent bilateral GPi-DBS to help with the dyskinesias and 
dystonia. 
Results: In both cases, DBS programming began 4 weeks post-operatively at which time LCIG was discontinued. 
For Case 1, dyskinesias improved significantly post-DBS; five months post-DBS surgery, UPDRS-III improved to 
14. At last follow-up 2 years post-DBS surgery, UPDRS-III was 17 ON medications/ON stimulation. For Case 2, at 
follow-up 6 months post-DBS surgery, UPDRS-III was 22 ON medications/ON stimulation and he reported 
improvement in both tremor and dystonia. 
Conclusions: These two cases demonstrated that transition from LCIG to DBS is a suitable option in PD patients 
experiencing suboptimal benefit with LCIG treatment. 

2062 
Combined STN and NBM DBS in PD and mild to moderate Parkinson's dementia 
R. Nickl, P. Fricke, P. Capetian, M. Reich, J. Krapp, V. Sturm, J. Volkmann, C. Matthies (Wuerzburg, Germany) 
Objective: While deep brain stimulation (DBS) of the subthalamic nucleus (STN) alleviates Parkinson"s 
Disease(PD) related motor symptoms, to date PD dementia (PDD) patients are excluded from this highly 
effectivetreatment since dementia is an accepted contraindication. 
Background: The DEMPARK study is an ongoing doubleblind, sham-controlled phase-1b study at our institution 
that aims to provide proof of safety of combined STN and Nucleus basalis of Meynert (NBM) DBS in PDD patients 
and its impact on cognition as an exploratory endpoint. Here we focus on surgical aspects of the implantation 
strategy. 
Methods: Patients received asleep STN and NBM DBS including micro-recording and test stimulation. Indirect 
targeting of the NBM considered landmarks such as convergence of the optic tract and the temporal crus of the 
anterior commissure and the level inferior to the external pallidum. Fusion of post-op CT to pre-op MRI and clinical 
protocols served for analysis of adverse events and sequels, of lead sites and trajectory angles in relation to planning. 
Results: Combined STN & NBM implantation was carried out in 7 patients (Ø65.4 years, pre-op: MMST22.6, 
UPDRS On/Off 48.6/19.6, UPDRS Stim-On/Med off 32.2). Any penetration of the ventricles or the caudate nucleus 
as well as crossing or disturbance of trajectories could be avoided. By MER nospecific NBM discharge pattern was 
identified nor did NBM test stimulation provide special motor effects.Planned NBM coordinates relative to AC-PC-
midpoint were 24.4 mm lateral, 6.8 mm anterior and 6.4 mm inferior to the midpoint. Definite lead sites for the 
designated active contact were identified at 24.9 mmlateral, 7.6 mm anterior and 5.0 mm inferior to the midpoint. 
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Sequels included brain shift in one patient, prolonged post-surgical ICU care in pulmonary infection in one and 
transient delirium in 4 patients. 
Conclusions: Combined STN/NBM implantation was conducted without surgical sequels such as hemorrhage or 
infection. Of notice, more than half of the patients developed a postoperative confusion state. Currently it remains 
uncertain whether this is to be attributed to rather long anesthesia in pre-demented patients or related to a stun effect 
in the STN or NBM. In view of the high incidence of post-surgical confusion states, only careful long-term analysis 
will reveal their complete resolution and possible response to NBM stimulation as well whether the risks are 
outweighed by the benefits of this concept. 

2063 
The relationship between brain edema after deep brain stimulation surgery and the function of motor and 
cognition 
Y. Nishiguchi, K. Matsuura, S. Sakano, Y. Hirata, A. Mizutani, N. Katoh, A. Ito, K. Tachibana, H. Ishikawa, K. 
Miyashita, T. Utsunomiya, H. Kajikawa, T. Yamanaka, H. Nishikawa, T. Araki, H. Tomimoto (Tsu-shi,Mie, Japan) 
Objective: To investigate the relationship between brain edema after deep brain stimulation (DBS) surgery and the 
function of motor and cognitive function. 
Background: DBS surgery may be beneficial for the patient with Parkinson's disease (PD). However, sometimes 
perifocal brain edema had occurred after DBS surgery. There are reports that edema is transient and has no effect on 
the final prognosis. However, the influence of edema is not clearly understood. 
Methods: Thirteen patients with PD who underwent bilateral subthalamic nucleus (STN) DBS were included. All 
patients underwent MRI examination on day 6 post DBS surgery.  We measured the volume of edema either in the 
frontal white matter or STN on FLAIR images. Finally, we examined the relationship between these volumes and 
changes in cognitive function or motor function. 
Results: The average age was 61.2 years, with 6 males and 7 females. We divided 13 patients into those with frontal 
subcortical edema (FE) larger than 3,000 mm3 or less (7 patients in the FE+ group and 6 in the FE– group, 
respectively). In the FE+ group, the postoperative MMSE score worsened by 2.4 points after one week compared 
with that immediately after surgery, while the FE- group improved MMSE score by 0.7 points (p<0.01). We divided 
13 patients into those with STN edema (SE) larger than 1,000 mm3 or less (3 patients in the SE+ group and 10 in the 
SE- group, respectively). By comparing SE + with SE -, we observed a tendency for motor function deterioration to 
occur after more than 20 days postoperatively. 
Conclusions: The frontal subcortical edema after DBS surgery was related to transient cognitive decline. On the 
other hand, cerebral edema near the target was suggested to be associated with micro-lesioning effects. 

2064 
Dopamine dysregulation syndrome and levodopa-induced dyskinesias in patients with Parkinson's disease on 
the background of deep stimulation of the subthalamic nucleus 
S. Omarova, N. Fedorova, A. Tomskiy, A. Gamaleya, E. Bril (Moscow, Russian Federation) 
Objective: Assessment of the dynamics of the clinical manifestations of dofamine dysregulation syndrome 
(DDS)  and the severity of dyskinesias in patients with Parkinson`s Disease (PD) on the background of DBS STN in 
comparison with the control group of patients receiving only drug treatment. 
Background: DDS is a complication of dopaminergic therapy of PD, which is manifested by compulsive 
dopaminergic drugs. The relationship between DBS STN and DDS in patients with PD is not well understood. DBS 
STN may improve, worsen or not affect clinical symptoms of DDS. Levodopa-induced dyskinesias, which are not 
amenable to correction with adequate drug therapy, are one of the main indications for neurostimulation in PD. 
Methods: The main group consisted of 20 PD patients on the background of DBS STN, in which in the preoperative 
period there were symptoms of DDS. The comparison group included 20 patients on the background of DBS STN, 
who had no symptoms of DDS before surgery. The control group consisted of 20 PD patients with DDS, who 
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received only drug therapy. The following scales were used: Questionnarie for Impulsivi-Compulsive Disorders in 
Parkinson's Disease (Weintraub et al., 2009), UPDRS (Christofer et al., 2008), scale PDQ-39. 
Results: Drug dyskinesias in the main group of patients decreased by half in the first six months after surgery and 
remained low in the first and second year of observation (60%). In the comparison group, the overall score of the IV 
section of the UPDRS scale also decreased by almost half (47%) six months after the operation and remained at this 
level with little dynamics in the first and second years of the study. In the control group, motor complications 
increased significantly throughout the observation period. Nine patients showed complete regression of the 
symptoms of DDS. The remaining 11 patients noted a desire to increase the frequency of taking the drugs, but they 
followed the regimen and doses prescribed by them in the clinic. 
Conclusions: DBS STN leads to a significant regression of drug peak-dose dyskinesia. The possibility of a 
significant reduction in the LEDD index in patients with DDS with the administration of high daily doses of 
dopaminergic agents without subsequent recurrence of compulsive medication for two years of observation was also 
confirmed. 

2065 
Cognitive outcomes of STN-DBS in GBA mutation carriers with PD 
G. Pal, E. Hill, T. Foltynie, V. Lythe, R. Alcalay, P. Garcia, K. Marder, R. Saunders-Pullman, S. Bressman, J. Aasly, 
B. Ouyang, Y. Liu, S. Anderson, B. Bernard, L. Verhagen (Chicago, IL, USA) 
Objective: To determine the rate of cognitive decline in glucocerebrosidase (GBA) mutation carriers with 
subthalamic nucleus deep brain stimulation (STN-DBS). 
Background: About 12-17% of Parkinson’s disease (PD) subjects undergoing DBS carry mutations in the GBA 
gene. The rate of cognitive decline in GBA mutation carriers after DBS has never been examined in a large cohort. 
Methods: PD subjects with bilateral STN-DBS and GBA genotyping were identified from Rush University Medical 
Center, University College London Institute of Neurology, Norwegian University of Science and Technology, Icahn 
School of Medicine at Mount Sinai, Columbia University, and Parkinson's Progression Markers Initiative 
(PPMI).  Data collected included age, age of onset, sex, years before DBS, years since DBS, family history, 
UPDRS, MMSE, MoCA, and Mattis Dementia Rating Scale (MDRS). MMSE and MoCA scores were converted to 
MDRS scores(1). Subjects were required to have a baseline MDRS score >=130 to be included in the analysis. 
Subjects were fully sequenced for GBA mutations and categorized into 4 groups: risk variants, mild, severe, or non-
mutation carriers. Linear mixed modeling was used to compare rate of change in MDRS scores over time comparing 
the four groups, adjusting for age, sex, years before DBS, and years since DBS. 
Results: Data were available for 30 GBA mutation carriers and 44 non-mutation carriers. GBA mutation carriers 
included 11 subjects with risk variants, 15 subjects with mild mutations, and 4 subjects with severe 
mutations.  There was no significant difference in age, sex, age of onset, years before DBS, years since DBS, 
baseline MDRS scores, family history, or baseline UDPRS-III (OFF/ON) scores between the two groups (Table 1). 
MDRS scores worsened over time in all 4 groups (-0.84 points per year, p = 0.0007). MDRS scores decreased faster 
in mild GBA mutation carriers (-1.68 points per year p = 0.0004) and severe GBA mutation carriers (-1.8 points per 
year, p = 0.01) compared with non-mutation carriers (Table 2). Median follow-up time was 5.5 years and was not 
significantly different between the groups (p = 0.68). 
Conclusions: PD subjects with mild or severe GBA mutations with STN-DBS have faster cognitive decline 
compared with non-mutation carriers. This is the largest cohort to date to examine cognitive decline in GBA 
mutation carriers after STN-DBS. Additional studies are needed to compare cognitive decline after STN vs. globus 
pallidus interna (GPi) DBS. 
References: 1. van Steenoven I, Aarsland D, Hurtig H, Chen-Plotkin A, Duda JE, Rick J, Chahine LM, Dahodwala 
N, Trojanowski JQ, Roalf DR, Moberg PJ, Weintraub D. Conversion between mini-mental state examination, 
montreal cognitive assessment, and dementia rating scale-2 scores in Parkinson's disease. Mov Disord. 2014 
Dec;29(14):1809-15. 
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2066 
PSA and VIM DBS efficiency in essential tremor depends on distance to dentatorubrothalamic tract 
J.N. Petry-Schmelzer, T. Dembek, P. Reker, J. Wirths, S. Hamacher, J. Steffen, H. Dafsari, M. Hövels, G. Fink, V. 
Visser-Vandewalle, M. Barbe (Cologne, Germany) 
Objective: To investigate the relation between the efficiency of deep brain stimulation (DBS) of the posterior 
subthalamic area (PSA) and the ventral intermediate nucleus (VIM) and the distance to the dentatorubrothalamic 
tract (DRTT) in essential tremor (ET). 
Background: DBS of the PSA and the VIM is an established, effective and safe treatment for medication-refractory 
ET patients. [1] Previous studies showed that direct targeting of the DRTT to modulate the tremor network via 
cerebellothalamic connections leads to successful tremor control. [2] However, a direct correlation between the 
clinical outcome and the distance to the DRTT has not yet been proven. [3] [4] [5] 
Methods: Tremor rating scale (TRS) hemi-scores were analyzed in 13 ET patients with DBS electrodes implanted 
into both the VIM and the PSA who were stimulated in both targets separately as part of a prospective, randomized, 
crossover trial. [1] Distances of the active electrodes to population-based averaged DRTTs were calculated. The 
relationships between distance to DRTT and stimulation amplitude, as well as DBS efficiency (TRS improvement 
per amplitude) were investigated. 
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Results: PSA electrodes were closer to the DRTT (p = 0.023) and led to a greater improvement in TRS hemi-scores 
(p = 0.005) than VIM electrodes. Proximity to the DRTT was related to lower stimulation amplitudes (p < 0.001) 
and higher DBS efficiency (p = 0.009). 
Conclusions: Differences in tremor outcome and stimulation parameters between electrodes in the PSA and the 
VIM can be explained by their different proximities to the DRTT. Direct targeting of the DRTT should be explored 
to further improve DBS outcomes in tremor patients. 
References: [1] Barbe MT, Reker P, Hamacher S, et al. DBS of the PSA and the VIM in essential tremor: A 
randomized, double-blind, crossover trial. Neurology 2018;91(6):e543-e550. [2] Fenoy AJ, Schiess MC. Deep Brain 
Stimulation of the Dentato-Rubro-Thalamic Tract: Outcomes of Direct Targeting for Tremor. Neuromodulation 
2017;20(5):429-436. [3] Fenoy AJ, Schulz P, Selvaraj S, et al. Deep brain stimulation of the medial forebrain 
bundle: Distinctive responses in resistant depression. J Affect Disord 2016;203:143-151. [4] Coenen VA, Allert N, 
Paus S, Kronenburger M, Urbach H, Madler B. Modulation of the cerebello-thalamo-cortical network in thalamic 
deep brain stimulation for tremor: a diffusion tensor imaging study. Neurosurgery 2014;75(6):657-669; discussion 
669-670. [5] Schlaier J, Anthofer J, Steib K, et al. Deep brain stimulation for essential tremor: targeting the dentato-
rubro-thalamic tract? Neuromodulation 2015;18(2):105-112. 

2067 
Anatomical correlates of VTAs in directional STN DBS 
M. Pilleri, M. Piacentino, S. Rinaldo, T. Mesiano, G. Ielo, M. Mondani, S. D'Auria, R. Eleopra (Arcugnano (VI), 
Italy) 
Objective: This observational study was aimed at assessing anatomical correlates of Volume of Tissue Activated 
(VTA) by directional stimulation. 
Background: Deep Brain Stimulation (DBS) of subthalamic nucleus (STN) is an effective therapy for Parkinson's 
Disease (PD). Lead positioning is crucial for therapy outcome [1]. Directional DBS systems allow horizontal current 
steering, focusing stimulation on a preferred direction and have been shown to increase therapeutic window in acute 
tests [2]. 
Methods: We retrospectively studied a series of 19 consecutive patients implanted with directional systems in the 
STN (electrodes Cartesia, IPG Vercise™ PC or Gevia™ -Boston Scientific, Valencia,CA) treated with chronic 
stimulation (minimum follow up 6 months), programmed through conventional clinical algorithm. 
A dedicated post-operative visualization software (Boston Scientific© Guide™ XT) was used for reconstruction of 
anatomy (basal ganglia) respect to electrodes position, by merging preoperative MRI and postoperative CT scan. 
Chronically used stimulation parameters were imported in the visualization software to calculate VTAs. 
Electrodes anatomical reconstructions were evaluated by two independent raters (a neurosurgeon and a neurologist), 
and three categories were defined according to electrode position: misplaced (MIS) (electrodes placed outside the 
STN), peripherical (PER) electrodes positioned near to the nucleus borders and well placed (WP) in all the other 
cases. 
Results: Among 38 implanted leads, 5 were categorized as MIS, 12 PER (9 near to the lateral, 2 near to the medial 
and 1 near to the posterior border of STN), and 21 WP. Directional stimulation was used in 100% of patients (80% 
in both electrodes). All PER electrodes were programmed in directional mode, with VTAs oriented in the direction 
of the target (STN). In 4 of 5 cases of electrode misplacements VTA reached STN. 
Conclusions: We found a good consistency between anatomic reconstructions of the electrode position and VTA 
generated by stimulations settings programmed according to clinical response; indeed, VTA was shaped to sprout 
toward the target area and away from surrounding structures. Directional deep brain stimulation allows to focus 
stimulation within STN, despite variability in electrodes position. 
References: [1] Wodarg, Herzog, Reese et al., Mov Dis, 2012 [2] Steigerwald et al, Movement Disorders, 2016 
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2068 
Clinical Results in Argentines Patients with STN DBS in Parkinson's Disease 
C. RAMIREZ GOMEZ, N. PORTINARI, J. TRAVI, V. MONTILLA UZCATEGUI, F. MICHELI, F. PIEDIMONTE 
(Buenos Aires, Argentina) 
Objective: To evaluate the benefits of STN DBS in a sample of Argentines patients with PD. 
Background: The treatment with bilateral STN DBS in patients with PD and motor fluctuations has demonstrated 
being effective to control the motor symptoms with reduction in the dopaminergic medication.1,2 
Methods: We assessed demographic characteristics and clinical results in 22 patients who were underwent to 
bilateral STN DBS in a DBS Center in Buenos Aires, Argentina. The variables analysed in pre-surgical period 
(PRE) and post-surgical follow up (PT) were as follows: ON Levodopa duration in hours, OFF percentage, Schwab 
and England Scale (S&E), PDQL-37 scale, MDS-UPDRS and Levodopa Equivalent Daily Dose (LEDD). Wilcoxon 
and T tests were used to comparisons. 
Results: The follow-up evaluation (FU) median was 3 years. The demographic features are shown (table 1). The ON 
levodopa duration median was 2.5 hours in PRE and 3.75 hours in PT (p 0.001). The STN DBS prolonged the ON 
levodopa period by 50% (1.25hours). The OFF percentage was 65% and 30%, respectively, (p 0.001). 45.5% of the 
patients had less than 70 points in PRE S&E compared to 18.2% in PT. The PRE PDQL-37 median was 90 and 122 
in PT (p 0.22). MDS-UPDRS mean in OFF and ON levodopa state before the surgery was 45.9 and 21.8, 
respectively, 46.6 in OFF levodopa-OFF DBS, 26.13 in ON levodopa-OFF DBS, 18.59 in OFF levodopa-ON DBS 
and 18.59 in ON levodopa-ON DBS. The LEDD median in PRE was 1392mg and 891.8mg in PT (35.9% reduction) 
(p 0.041). 
Conclusions: The STN DBS prolonged the ON levodopa period, improved the QoL scales and reduced the LEDD 
in 3y FU. Given that there wasn’t significant difference between the MDS-UPDRS in OFF state before the surgery 
and in the follow-up, “disease stability” could be considered. There was not difference in the MDS-UPDRS mean in 
ON levodopa-ON DBS and OFF levodopa-ON DBS, so the factor that mostly contributed to improvement of the 
patient was the DBS therapy. 
References: 1. Rodriguez-Oroz MC, Obeso JA, Lang AE, Houeto JL, Pollak P, Rehncrona S, et al: Bilateral deep 
brain stimulation in Parkinson's disease: a multicentre study with 4 years follow-up. Brain 128 (Pt 10):2240-2249, 
2005. 2. Kumar R, Lozano AM, Kim YJ, Hutchison WD, Sime E, Halket E, et al: Double-blind evaluation of 
subthalamic nucleus deep brain stimulation in advanced Parkinson's disease. Neurology 51:850-855, 1998. 
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2069 
Does microelectrode recording increase haemorrhage? A comparative study in a large patient cohort over 20 
years 
J. Runge, A. Saryyeva, M. Wolf, C. Blahak, C. Schrade, H.H. Capelle, T.M. Kinfe, H. Bäzner, M. Abdallat, J.K. 
Krauss (Hannover, Germany) 
Objective: We aimed to investigate whether there is an increased risk of haemorrhage by using microelectrode 
recording in a large series of patients operated over two decades. 
Background: Since many years, however, controversial debates are ongoing regarding the necessity of MER and a 
potentially increased risk of intracranial haemorrhage. 
Methods: This is a retrospective study on 585 patients who underwent functional stereotactic neurosurgery (DBS 
electrode implantation or radiofrequency lesioning) over a period of 20 years. Procedures were performed or 
supervised by the senior neurosurgeon in three different centers using the same technique. The target was 
determined with CT-stereotactic surgery and approached via a guiding cannula. MER was performed via a single 
channel technique, supplemented by MR imaging with additional trajectories if decided necessary. Single unit 
recording was mainly used for targeting the subthalamic nucleus (STN) and the internal globus pallidus (GPi), while 
thalamic targets like the nucleus ventralis intermedius (VIM) were mainly approached without MER. Postoperative 
CT scans obtained within 24 hours after surgery were searched for haemorrhage of any size at any site. 
Results: A total of 244 women and 341 men with a median age of 55 years were operated for movement disorders 
(509), pain syndromes (52) or psychiatric disorders (24). The majority of patients underwent DBS (565), while a 
subset had radiofrequency lesioning procedures (20). Overall, in 361 patients surgery was performed with MER, and 
thereof in 12 patients an intracranial haemorrhage was detected (3,32 %). The other 224 patients were operated 
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without MER. Of these, 7 patients had intracranial haemorrhage (3,13 %). In the MER group haemorrhage 
manifested as small haemorrhage at the target site (7), subdural haematoma (3) or ventricular bleeding (2). In the 
non-MER group haemorrhage was found as haematoma at the target site (4) or ventricular bleeding (3). 
Haemorrhage was asymptomatic in all patients except in 1 patient in the MER group, who had a persistent mild 
hemiparesis on the right side. 
Conclusions: In this large patient series the use of MER with appropriate techniques did not significantly increase 
the risk of intracranial haemorrhage. Single unit recording can help to further define the target for DBS electrode 
placement or radiofrequency lesioning without incurring an additional risk for the patient. 

2070 
Are transventricular approaches associated with increased haemorrhage in functional stereotactic 
neurosurgery? A comparative study on 550 patients 
J. Runge, A. Saryyeva, C. Blahak, C. Schrader, H. Bäzner, H.H. Capelle, M. Abdallat, M. Wolf, T.M. Kinfe, J.K. 
Krauss (Hannover, Germany) 
Objective: We investigate the comparative occurence of haemorrhage with or without transventricular apporaches 
in a large series of patients operated over two decades. 
Background: Accurate targeting is pivotal in functional stereatactic neurosurgery. But not just hitting the target is 
essential, also the trajectory to the target needs consideration. Using a transventricular approach has been thought to 
bear a higher risk of intracerebral haemorrhage by several surgeons, although this has debated by others. 
Methods: In 550 patients out of a total of 585 patients, who underwent DBS electrode implantation or 
radiofrequency lesioning, it could be determined retrospectively whether or not the trajectory transversed the 
ventricles. Targets were determined by CT-stereotactic surgery supplemented by MR imaging according to 
standardised approach which did not consider to avoid a transventricular trajectory. Postoperative CT scans obtained 
within 24 hours after surgery were searched for confirmation of a transventricular tajectory and for haemorrhage of 
any size at any site. 
Results: Patients were operated for movement disorders (478), pain syndromes (48) or psychiatric disorders (24). 
25% of the leads placed in the globus pallidus internus (GPi) passed the ventricles, 91 % of the leads in the nucleus 
ventralis intermedius (Vim) passed the ventricles and 90% of the leads in the subthalamic nucleus (STN). Out of 357 
patients with a transventricular lead placement, 13 patients had an intracranial haemorrhage (3,64 %). In the other 
193 patients, where the electrodes did not pass the ventricle, 6 patients had an intracranial haemorrhage (3,11 %). In 
the transventricular group haemorrhage manifested as a small haemorrhage at the target site (6), subdural 
haematoma (2) or intraventricular haematoma (5). In the non-transventricular group haemorrhage manifested as 
haematoma at the target site (5) or subdural haematoma (1). Haemorrhage was asymptomatic in all patients except 
in 1 patient in the transventricular group, who had a persistent mild hemiparesis on the right side. 
Conclusions: In this large cohort of patients we could show that there is no significantly increased risk for an 
intracranial haemorrhage by choosing a transventricular approach for DBS lead placement. 
 

2071 
Surgery‐related 30-day morbidity of deep brain stimulation in a large cohort of 600 patients 
J. Runge, A. Saryyeva, C. Blahak, C. Schrader, H. Bäzner, H.H. Capelle, M. Abdallat, M. Wolf, T.M. Kinfe, J.K. 
Krauss (Hannover, Germany) 
Objective: In this retrospective study we analyzed the surgery‐ and hardware‐related morbidity of deep brain 
stimulation within 30 days after surgery. 
Background: 600 functional stereotactic operations (DBS electrode implantation or radiofrequency lesioning) were 
performed from 1997 to 2018. 
Methods: 600 functional stereotactic operations (DBS electrode implantation or radiofrequency lesioning) were 
performed from 1997 to 2018. All procedures were performed or supervised by the senior neurosurgeon in three 
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different centers using the same technique. The target was determined with CT-stereotactic surgery supplemented by 
MR imaging and approached via a guiding cannula. MER was performed in 2/3 of the cases via a single channel 
technique, supplemented by additional trajectories if decided necessary. Surgery was performed while patient was 
awake in 531 instances. Postoperative CT scans obtained within 24 hours after surgery were searched for 
haemorrhage of any size at any site. Hardware- or other surgery-related complications within 30 days after surgery 
were documented. 
Results: A total of 251 women and 349 men with a median age of 55 years were operated. The majority of patients 
underwent DBS (580), while a subset had radiofrequency lesioning procedures (20). Overall in 19 (3.25 %) 
procedures an intracranial haemorrhage was detected, which was asymptomatic in all patients except in 1 patient 
(0,16 %), who had a persistent mild hemiparesis on the right side. Early infections were noticed in 3 patients (0,53 
%), 1 at the site of the IPG, 2 at the site of the cranial skin incision. Four patient (0,7 %)  had an intraoperative 
seizure, and 2 (0,3 %) had a seizure one day after surgery. Three patients (0,53 %) had clinically relevant 
intraoperative air embolism, and in 1 patient (0,16 %) pulmonary embolism occurred. One patient (0,16 %) had an 
acute coronary syndrome during IPG implantation, in four patients (0,7 %) surgery terminated because of cardiac 
coronary syndromes were suspected, which however, weren’t confirmed later. 
Conclusions: Stereotactic functional surgery is a generally safe procedure with low morbidity and no mortality 
when performed by an experienced team. Intraoperative haemorrhage constitutes the highest surgically related 
complication. Awake surgery is tolerated without relevant problems by the majority of patients. Infections within 30 
days after surgery are rare. 

2072 
Unclear Pronunciation of Stop Consonant Sounds in Patients with Parkinson’s Disease Following Deep Brain 
Stimulation 
T. Sakurai, T. Yamamoto, Y. Yamanaka, S. Hirano, M. Abe, Y. Uji, A. Murata, Y. Higuchi, S. Kuwabara (Chiba-ken, 
Japan) 
Objective: To clarify the characteristics of changes in stop consonant articulation in PD subjects before and after 
DBS and compared with control group by using speech analysis software. 
Background: Patients with Parkinson’s disease (PD) following deep brain stimulation (DBS) occasionally develops 
impaired articulation in spite of improvement in the motor symptoms. However, the cause of speech impairment 
attributable to DBS is unclear. 
Methods: Ten PD patients who had undergone DBS (PD-DBS group) and twelve healthy controls (HC group) 
participated in this study. The mean age of the patients was 65.8 years (range 52-71)and the mean disease 
durationwas 11.3 years (range 6.9-16.4). We evaluated reading task of a standard passage (The North Wind and the 
Sun) in Japanese, using speech analysis software(AcousticCore8)[SH1] . A word in part of a sentence, “a-ta-ta-ka-na 
(‘warm’),” was assessed when the patients were on-state under their usual optimized medication before and after 
DBS. Waveforms, acoustic pressure level, and results of spectral analysis were compared between before and after 
DBS, and between PD-DBS group and HC group. 
Results: In waveform analysis, the mean duration of utterance of the word was shorter in HC group (0.53 s) than in 
PD-DBS group both before DBS (0.70 s), (vs HC group, p=.017) and after DBS (0.65 s), (vs HC group, p=.019), 
although there was no significant difference between the surgical procedure. Pronunciation of stop consonant was 
normally produced with vocal tract occlusion by the tongue tip and gums ([t], alveolar consonant) or tongue body 
and soft palate ([k], velar consonant). The airflow blocking could be detected in spectrogram as a preceding silent 
interval on stop consonant which is called stop gap. These blanks were generally evident by visual assessment. On 
the other hand, in some PD patients, incomplete occlusion made the stop consonant frictional, and stop gap was not 
recorded. Furthermore, the frequency of undesired frictional change was increased after DBS (p=.011). In acoustic 
pressure level study, we measured a difference between the trough of pressure level during stop gap and the level of 
preceding vowel sound. The difference on second “t” consonant decreased from 17.5 dB to 10.3 dB after DBS 
(p=.040). 
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Conclusions: DBS made pronunciation of stop consonant unclear with partial occlusion due to dysfunction in 
tongue movement. 

 

2073 
Bilateral Globus pallidus internus deep brain stimulation as rescue therapy for ineffective subthalamic 
stimulation 
A. Sanchez-Rodriguez, M. Sierra, J. Martino, M. Martinez, R. Roberto, I. Gonzalez Aramburu, J. Infante (Santander, 
Spain) 
Objective: The subthalamic nucleus (STN) and the globus pallidus internus (GPi) are the main targets of deep brain 
stimulation surgery (DBS) for patients with advanced Parkinson's disease (PD) and motor fluctuations and/or 
invalidating dyskinesias. We present here a case of DBS rescue in both STN through surgery in both GPi 
Background: DBS at the STN or GPi can both be used to treat motor symptoms of PD, but the simultaneous 
implantation in the two targets is rare. Additional GPi DBS has been used in patients with difficult control of 
diyskinesias despite of medical treatment or DBS at the STN. 
Methods: A 59-year-old male patient with PD associated with the G2019S mutation of LRRK2 of 15 years of 
evolution. He was submitted 8 years before to DBS in both STN due to invalidating motor fluctuations with a good 
initial response. Four years after the initial intervention it began again with motor fluctuations and severe 
dyskinesias both in OFF and ON that could not be controlled with medical treatment. A continuous infusion 
Levodopa-pump was tested without results. An apomorphine pump was implanted with a slight improvement of the 
OFF periods but without achieving a satisfactory situation. He suffered from severe dystonic dyskinesias that 
prevented him from walking or even sitting in a chair. A rescue was decided with new DBS surgery, this time in 
both GPi. 
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Results: After the intervention, the patient presented a significant improvement in dystonia from the first days, 
managing to stay seated in a chair without the need to be tied. In the same way and after doing rehabilitation, the 
patient was able to walk with only one support. Otherwise, there was a significant reduction of OFF periods. 
Conclusions: Deep brain stimulation surgery in both GPi can be considered as rescue therapy in cases in which 
subthalamic stimulation and medical treatment do not achieve appropriate control of dyskinesias. 
References: 1. Cook RJ, et al. Globus pallidus internus deep brain stimulation as rescue therapy for refractory 
dyskinesias following effective subthalamic nucleus stimulation. Stereotact Funct Neurosurg. 2015;93(1):25-9. 2. 
Nagy, A. M., & Tolleson, C. M. Rescue Procedures after Suboptimal Deep Brain Stimulation Outcomes in Common 
Movement Disorders. Brain sciences, 2016; 6(4), 46. 3. Matias CM, et al. "Rescue" of bilateral subthalamic 
stimulation by bilateral pallidal stimulation: case report. J Neurosurg. 2016 Feb;124(2):417-21 

2074 
Online determination of the STN “sweet spot” based on beta-power measured with directional macro-
contacts of the final DBS lead 
M. Scherer, L. Milosevic, R. Guggenberger, A. Malekmohammadi, G. Naros, D. Weiss, A. Gharabaghi (Tübingen, 
Germany) 
Objective: Microelectrode recordings are the standard procedure for intraoperative, electrophysiological mapping of 
the STN[1]. We investigated a novel methodology to detect the STN sweet spot with information acquired via the 
macro-contacts of the finally implanted electrode leads. Recording local field potentials (LFPs) with directional 
electrode leads may furthermore provide additional topographic information. 
Background: Current intraoperative techniques are particularly suited to determine the borders of the STN. Beta-
band activity as a clinically relevant pathological biomarker of PD [2] may provide additional information with 
regard to the sweet spot for targeted DBS within the STN. 
Methods: The final electrode leads were advanced in 1mm steps across the STN region. At each millimeter, 30s of 
monopolar recordings were acquired. Beta peaks (13-32Hz) were identified online for each contact of the directional 
lead (Abbott Infinity, St. Jude Medical) in npatients=12 (nhemispheres=22) by calculating the power spectrum 
density. Within-patient STN sweet spots were determined by identifying macro-contacts with a beta-peak 
significantly different from the other contacts using t-tests (2-tailed). Beta-peaks along the implantation-vector were 
evaluated using a ranksum test. Applying a permutation-test (10.000 permutations) with a nested ranksum test (two-
sided; p=0.05) confirmed overall peak detection. 
Results: Online detection of STN sweet spots can be achieved by measuring statistically significant (p < 0.001) 
beta-power amplitude changes via the macro-contacts along the dorsoventral surgical trajectory. The exact level and 
direction of the macro-contacts with the highest beta power at target depth were identified (p < 0.05) for selection of 
clinically applied directional stimulation. 
Conclusions: This novel approach allows to determine the final electrode position in <12min on the basis of 
individual pathophysiological information. The clinical effectiveness of this implantation method needs to be 
confirmed in future studies with clinical follow-up data. 
References: [1] Hutchison WD, Allan RJ, Opitz H, Levy R, Dostrovsky JO, Lang AE, Lozano AM. 
Neurophysiological identification of the subthalamic nucleus in surgery for Parkinson's disease. Annals of 
Neurology: Official Journal of the American Neurological Association and the Child Neurology Society. 1998 
Oct;44(4):622-8. [2] Kühn AA, Tsui A, Aziz T, Ray N, Brücke C, Kupsch A, Schneider GH, Brown P. Pathological 
synchronisation in the subthalamic nucleus of patients with Parkinson's disease relates to both bradykinesia and 
rigidity. Experimental neurology. 2009 Feb 1;215(2):380-7. 

2075 
Three-dimensional gait analysis of the effect of directional steering in Parkinson’s disease 
S. Sekimoto, G. Oyama, K. Bito, M. Tsuchiya, S. Kikuchi, B. Takimoto, T. Ichihashi, J. Bautista, M. Nuermaimaiti, 
F. Sasaki, R. Nakamura, T. Hatano, Y. Shimo, H. Iwamuro, M. Ito, A. Umemura, N. Hattori (Bunkyo-ku, Japan) 
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Objective: The aim of this study is to evaluate the effect of directional steering on the gait performance in 
Parkinson’s disease (PD), utilizing a three-dimensional gait analysis system. 
Background: Directional deep brain stimulation (DBS) leads enable current-steering in horizontal directions, which 
can allow stimulation to avoid side effects. 
Methods: We performed to evaluate 6 meters free walking and time up and go test (TUG) in PD patients who were 
implanted with the directional DBS leads in bilateral subthalamic nucleus. The recorded gait parameters included 
walking speed, stride, and walking cycle duration by three-dimensional gait analysis system utilizing a marker-less 
three-dimensional motion capture camera. The directions of pyramidal tract, which were identified by the directional 
mode screening 4weeks to 3 months before gait analysis test, was set to 0°. The gait parameters were measured in 
baseline, the directional steering in eight angles (0 °, 45 °, 90 °, 135 °, 180 °, 225 °, 270 °, and 315 °), the 
conventional ring mode with 1, 2, and 3 mA (pulse width and frequency were fixed). Placebo stimulation (0mA) 
were used for a control. The order of stimulation settings was randomized and both examiner and patients were 
blinded for the settings. Significant differences were examined using two-way analysis of variance and Tukey's test. 
Results: 11 patients were enrolled and completed the study. The mean age of the participants was 62.8 ±6.9, the 
male to female ratio was 8:3. For gait parameters, no significant difference was observed among directional modes, 
baseline, placebo, or ring mode in the 6m walking (p> 0.05). In TUG, stride had significant difference between 0 ° 
and other directions (p= 0.000). Stride tended to be narrower width in direction of 0 °. 
Conclusions: The result of our study suggested that the stimulation using the directional steering could be an option 
to avoid pyramidal side effects. 

2076 
Apraxia of Eye Lid Opening in patients with advanced Parkinson’s disease undergoing subthalamic 
stimulation – a single-centre experience 
K. Shetty, S. Krishan, K. Kesavapisharady, D. Puthenveedu, A. Kishore (Thiruvananthapuram, India) 
Objective: We aimed to assess the cumulative incidence of apraxia of eye lid opening (AOELO) in patients who 
have undergone bilateral subthalamic nucleus deep brain stimulation (STN DBS) for Parkinson’s disease (PD), 
examine the factors associated with it and to describe the response to the management strategies tried. 
Background: AOELO is a disabling symptom in advanced PD with a possible relation to STN-DBS.1 There is little 
data on its incidence, risk factors and potential management strategies to be tried. 
Methods: We retrospectively analysed the data on the incidence of AOELO and the pre- and post-operative clinical 
characteristics and treatment response of patients who developed AOELO, from our surgical cohort between 2000 
and 2017. All patients with PD who had undergone STN DBS and had standard protocol-based follow-up data of at 
least a year were included. 
Results: AOELO was noted in 10 (5.5%) patients. Eight among those with AOELO developed it after a mean 
duration of 24 months after surgery (Range: 12- 48 months) while two had AOELO even before surgery and 
reported worsening following surgery. The AOELO was reported to be mild to moderate in six patients and severely 
disabling in the remaining four. Clinical characteristics including age at onset of PD, duration of motor symptoms, 
age, severity of motor symptoms (UPDRS 3 scores in OFF state), presence of freezing of gait or levodopa 
equivalent daily dosage (LEDD) at surgery or the post-operative improvement in UPDRS 3 or LEDD did not differ 
significantly in the group with AOELO from those without. None improved with reduction / temporary switching 
off of stimulation. Four patients (40%) reported transient improvement with increase in stimulation intensities 
(increasing the voltage or changing to interleaved stimulation). Four patients who had disabling symptoms received 
botulinum toxin injection to pre-tarsal muscles and all but one noted symptom relief lasting 2-3 months. One patient 
who had levodopa responsive AOELO before surgery continued to respond to levodopa after STN-DBS. 
Conclusions: AOELO is an infrequent neuro-ophthalmic dysfunction in patients with advanced PD, particularly 
those who undergo STN DBS. Management strategies need to be individualised and the options include increasing 
stimulation intensities, dopaminergic treatment and botulinum toxin injections. 
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References: Hariz MI, Rehncrona S, Quinn NP, Speelman JD, Wensing C. Multicenter Study on Deep Brain 
Stimulation in Parkinson ’ s Disease : An Independent Assessment of Reported Adverse Events at 4 Years. Mov 
Disord. 2008;23(3):416–21 

2077 
Preoperative Smoking History Increases Risk of Infection in Deep Brain Stimulation Surgery 
M. Sikora, F. Farrokhi, M. Marsans, S. Monsell, A. Wright, M. Palmer, A. Hoefer, P. McLeod, J. Mark, J. Carlson 
(Seattle, WA, USA) 
Objective: Although general risk of deep brain stimulation (DBS) therapy has been previously described, 
application of risk prediction at the individual patient level is still largely at the discretion of a treating physician or a 
multidisciplinary team. The objective of this study was to explore associations between modifiable patient 
characteristics and common adverse events following DBS surgery. 
Background: Since the introduction of deep brain stimulation surgery (DBS) for the treatment of movement 
disorders by Benabid and colleagues in 1987 [1], there has been a substantial worldwide increase in utilization of 
this therapy. For DBS, studies have found that history of hypertension and increasing age were associated with 
intracranial hemorrhage in DBS surgery [2] with readmission after DBS surgery being associated with preoperative 
coronary artery disease, obesity, and history of smoking [3]. The types of risks of DBS therapy have been well 
established, but the rates of adverse events are highly variable in the literature and are typically reported as single-
surgeon experiences [4-7]. 
Methods: A retrospective cohort study of consecutive adult patients undergoing new DBS electrode placement 
surgeries between October 1997 and May 2018. Administrative and quality improvement databases at two high-
volume tertiary referral centers were used to identify patients meeting inclusion criteria and to collect demographic 
and clinically relevant variables for exploratory and confirmatory analysis. 
Results: Among 501 patients included in the analysis (mean age (SD), 64.6 (10.4) years), 165 (32.9%) were female, 
67 (13.4%) had diabetes, 231 (46.1%) had hypertension, 25 (5.0%) were smokers, 27 (5.4%) developed an infection, 
15 (3.0%) had intracranial or intraventricular hemorrhage, and 53 (10.6%) had an unplanned return to the operating 
room [table1]. Patients who developed a surgical site infection were more likely to report history of smoking before 
DBS surgery (16% vs 5%, p = 0.04). There was a trend for patients with hypertension to be at risk for intracranial 
hemorrhage (p = 0.11) [table2]. 
Conclusions: This multicenter study demonstrated an association between preoperative smoking and increased risk 
of infection following new DBS implantation surgery. Counseling about this risk should be considered in pre-
operative evaluation of patients who are considering undergoing a DBS procedure. 
References: [1] Benabid A-L, Pollak P, Louveau A, Henry S, De Rougemont J. Combined (thalamotomy and 
stimulation) stereotactic surgery of the VIM thalamic nucleus for bilateral Parkinson disease. Stereotactic and 
functional neurosurgery. 1987;50(1-6):344-6. [2] Zrinzo L, Foltynie T, Limousin P, Hariz MI. Reducing 
hemorrhagic complications in functional neurosurgery: a large case series and systematic literature review. Journal 
of neurosurgery. 2012;116(1):84-94. [3] Rumalla K, Smith KA, Follett K, Nazzaro J, Arnold PM. Rates, Causes, 
Risk Factors, and Outcomes of Readmission Following Deep Brain Stimulation for Movement Disorders: Analysis 
of the US Nationwide Readmissions Database. Clinical neurology and neurosurgery. 2018. [4] Fenoy AJ, Simpson 
Jr RK. Risks of common complications in deep brain stimulation surgery: management and avoidance. Journal of 
neurosurgery. 2014;120(1):132-9. [5] Falowski SM, Ooi YC, Bakay RA. Long‐term evaluation of changes in 
operative technique and hardware‐related complications with deep brain stimulation. Neuromodulation: Technology 
at the Neural Interface. 2015;18(8):670-7. [6] Hardaway FA, Raslan AM, Burchiel KJ. Deep Brain Stimulation-
Related Infections: Analysis of Rates, Timing, and Seasonality. Neurosurgery. 2018;83(3):540-7. Epub 2017/10/20. 
doi: 10.1093/neuros/nyx505. PubMed PMID: 29048556. [7] Bjerknes S, Skogseid IM, Sæhle T, Dietrichs E, Toft 
M. Surgical site infections after deep brain stimulation surgery: frequency, characteristics and management in a 10-
year period. PLoS One. 2014;9(8):e105288. 
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2078 
Deep Brain Stimulation for Parkinson’s disease: the Paradox of More Technological Approaches 
D. Soh, T. ten Brinke, A. Lozano, A. Fasano (Toronto, ON, Canada) 
Objective: To assess the subjective experience/expectations of Parkinson’s disease(PD) patients who have 
undergone deep brain stimulation(DBS) using either an established(Medtronic, Minneapolis, MN, USA) or newer 
system with additional capabilities(Boston Scientific, Marlborough, MA, USA). 
Background: The Medtronic system(3387 electrode, Activa implantable pulse generator) is commonly used for 
DBS in the treatment of PD.1 Newer systems have been more recently released and can provide additional 
versatility(e.g. directionality, multiple frequency, short pulse width).2 There has been no formal comparison 
between these systems, particularly in respect to patients’ experience/expectations. 
Methods: We provided a 4-question questionnaire to 20 consecutive PD patients on either ‘established’ or ‘newer’ 
system(10 patients each). Inclusion criteria: bilateral targeting of subthalamus or Globus Pallidus pars interna, 
absent uncontrolled psychiatric disorders, follow-up duration 6 to 24 months post DBS. Statistical analysis was 
performed using independent t-test(normally distributed) and Mann–Whitney U test(not normally distributed values) 
using SPSS software. 
Results: There was no significant between-group difference in demographic and clinical variables with the 
exception of disease duration. This was significantly shorter in patients receiving the ‘newer’ system(Table 1). One 
patient in each group was unable to identify the brand of their system. There was no significant between-group 
difference when asked about satisfaction level of current state of programming and if enough attention was given to 
programming(Table 1). There was significant higher confidence that further programming could lead to clinical 
improvement(8.7±1.8 vs. 6.2±2.6, ‘newer’ vs. ‘established’ systems respectively, p =0.027). 
Conclusions: In this small sample cross-sectional questionnaire-based study, we found that patients treated with an 
‘established’ DBS system (Medtronic) were less inclined to think that additional programming would lead to further 
improvement. This finding along with the lack of significant clinical difference between groups might imply that 
patients’ expectation are higher in patients receiving newer DBS systems. If – on one hand –  this is in line with the 
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additional, potentially useful, features of these systems, it may – on the other hand – complicate the programming of 
these patients in light of their tendency to be disappointed. 
References: 1) Volkmann J, Herzog J, Kopper F, Deuschl G. Introduction to the programming of deep brain 
stimulators. Movement Disorders 2002;17(Suppl.3):S181e7 2) Schüpbach WMM, Chabardes S, Matthies C, Pollo 
C, Steigerwald F, Timmermann L, Visser Vandewalle V, Volkmann J, Schuurman PR. Directional leads for deep 
brain stimulation: Opportunities and challenges. Mov Disord. 2017;32:1371-1375. 

 

2079 
Use of directional stimulation to localize and troubleshoot STN-related contralateral gaze deviation: a case 
report 
C. Stahl, C. Cho, A. Mogilner, M. Pourfar (New York, NY, USA) 
Objective: To report a case in which STN stimulation-induced gaze deviation was mapped and managed using 
directional lead programming. 
Background: Deep Brain Stimulation (DBS) of the subthalamic nucleus (STN) for Parkinson’s Disease (PD) has 
been reported to cause a contralateral gaze deviation in some patients though the pathways involved in this process 
are not fully understood. Directional programming provides an opportunity to explore the localization of these 
underlying pathways. 
Methods: We describe a single patient with PD and bilateral STN DBS where thresholds for stimulation-induced 
gaze deviation were prospectively mapped out using the St. Jude Infinity directional DBS system. 
Results: A 69-year-old woman with a 15-year history of PD underwent bilateral STN DBS using the St. Jude 
Infinity directional DBS System. During intraoperative bipolar stimulation of the right STN lead, a leftward gaze 
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deviation was observed with higher stimulation of the two dorsal contacts: at 3.0mA for 3-4+ and with 3+4- at 
slightly lower amplitude. In post-operative follow-up, more in-depth mapping of this phenomenon was explored. 
With monopolar (omnidirectional) stimulation, a contralateral gaze deviation was again observed using the two 
dorsal contacts. Directional mapping using the three segments of contact 3 demonstrated a significantly lower 
threshold for gaze deviation using the lateral segment compared with the posterior segment at 2.5mA and 4.0mA 
respectively. Eye movements returned to normal immediately upon cessation of stimulation. No contralateral arm or 
face contractions were noted. Eye movement abnormalities were not observed using the two ventral contacts 
through 4mA. 
Conclusions: This case demonstrates the potential for directional programming to both better elucidate and 
troubleshoot specific stimulation-induced side effects. In this instance, lateral stimulation had a lower threshold for 
inducing contralateral gaze deviation when compared to posterior stimulation suggesting the origin of impaired eye 
movements likely involves secondary activation of the laterally situated internal capsule (IC). Furthermore, that the 
gaze deviation occurred without noted tetanic contractions would suggest activation of the medial fibers of the IC, 
which are more associated with the frontal eye fields. 

2080 
Effect of global cognitive score on motor and quality of life outcomes after deep brain stimulation in patients 
with Parkinson’s disease or essential tremor 
E. Staikova, D. Loring, M. Delong, S. Triche, C. Buetefisch, C. Esper, T. Wichmann, L. Scorr, L. Higginbotham, P. 
Aia, S. Factor, S. Miocinovic (Atlanta, GA, USA) 
Objective: To determine if preoperative global cognitive score, Mattis Dementia Rating Scale 2nd Edition (DRS-2), 
predicts motor and quality of life (QoL) outcomes in patients with Parkinson’s disease (PD) or essential tremor (ET) 
undergoing deep brain stimulation (DBS) surgery. 
Background: DBS is contraindicated in patients with dementia. For patients with borderline cognition clinical 
guidelines are less clear. DRS-2 scale is frequently used to evaluate global cognitive function, but it is unknown if it 
predicts clinical outcome and if a cut-off score should be used in clinical practice for DBS screening1,2. 
Methods: We used Emory’s clinical database to identify patients with PD or ET who underwent initial DBS surgery 
between 2008 and 2017. Analysis included all patients who had preoperative DRS-2 and motor rating scale and 
postoperative motor scale at approximately 12 months (off medications UPRDS or MDS-UPDRS part 3 for PD; 
FTM or TETRAS for ET). A subset of patients who had UPDRS part 2 or tremor activities of daily living (ADL) 
subscale available postoperatively were included in QoL analysis. Pearson correlation coefficient and t-test were 
used for statistical analysis. 
Results: The analysis included 157 patients with PD (40% STN, 57% GPi, 3% VIM) and 74 patients with ET (all 
VIM). QoL was assessed in 63 PD and 69 ET patients. There was no difference in DRS-2 or motor improvement in 
patients who did not have follow up QoL scales compared to those who had. The average DRS-2 was 136±7 
(mean±std, range 108-144) for PD and 134±8 (92-144) for ET. The time between surgery and follow up assessment 
was 11.7±4.5 months. In PD off medications motor score improved by 42±28% and in ET tremor score improved by 
58±23%.  There was no significant correlation between DRS-2 score and motor score improvement in either 
disorder. In PD UPDRS part 2 score improved by 4±32% while in ET ADL score improved by 74±25%. Again, 
there was no correlation between DRS-2 score and QoL change. 
Conclusions: Based on the initial analysis in our large clinical cohort, DRS-2 does not correlate with post-operative 
motor or quality of life change in patients with PD or ET. Additional variables that may influence clinical outcomes 
should be accounted for in future analyses, and comprehensive neuropsychological measures, as well as DRS-2 sub-
scores explored as predictors. 
References: 1. Witt K et al. J Neurol Sci. 2011 Nov 15;310(1-2):261-6. 2. Floden D et al. Mov Disord. 2015 
Aug;30(9):1279-83. 
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2081 
Low and high beta band activity in the primary sensorimotor cortex is diminished by ipsilateral subthalamic 
stimulation in Parkinsonian patients 
G. Tamas, A. Kelemen, B. Javor-Duray, M. Palotai, L. Halasz, L. Eross, G. Fekete, L. Bognar, G. Deuschl, M. 
Muthuraman (Budapest, Hungary) 
Objective: We analyzed how change of the low and high beta power in the primary sensorimotor cortex relates to 
different levels of subthalamic stimulation; we hypothesized that it is a suitable biomarker for a closed-loop system. 
Background: Beta power in the motor system is shown to indicate the kinetic state in Parkinson’s disease. 
Methods: We recruited 20 Parkinsonian patients. Bradykinesia of the most affected hand was measured first with 
Kinesia motion sensor system (Great Lakes NeuroTechnologies) in medication withdrawal; and four levels of 
contralateral stimulation (0: OFF, 1-3: decreasing symptoms to ON state) was individually selected. We performed 
64-channel electroencephalography (EEG) measurement during a resting state with the four levels of stimulation 
settings mentioned above. We stimulated the usually used contacts during the whole study, and the ipsilateral 
stimulation remained ON and unchanged. The 2 minutes long EEG segments were cleaned from DBS artifacts by 
in-house algorithms. We performed line-noise removal; eye blinks and muscle artifacts were eliminated using ICA 
analyses. We calculated spectral power at the low (13-20Hz) and high (21-30Hz) beta frequency bands at the 
sensorimotor cortical region both sides using a beamformer algorithm called the Dynamic Imaging of Coherent 
Sources. We used repeated measures ANOVA to compare power values in the different locations and stimulation 
conditions in the two frequency bands. 
The Medical Research Council in Hungary provided ethical approval. (080958/2015/OTIG). 
Results: Resting state low- and high-frequency beta power in the primary sensorimotor cortex gradually decreased 
with the elevation of the ipsilateral stimulation level. In the continuously stimulated contralateral hemisphere, beta 
power remained at the baseline level. The beta power values measured in the two hemispheres were significantly 
different in stimulation levels 0-2 but not in level 3 (p < 0.05) both in the low- and high-frequency bands. 
Conclusions: The change of beta power in the primary sensorimotor cortex during STN-DBS is strictly ipsilateral, 
and depends on the level of stimulation. 
Beta power in the sensorimotor cortex could be a potential biomarker for closed-loop DBS.  
The support of Medtronic Inc. for this project is gratefully acknowledged. 

2082 
Deep Brain Stimulation (DBS) in Pantothenate Kinase-Associated Neurodegeneration (PKAN): An 
Experience in a Thai Patient 
P. Termsarasab, P. Boonkongchuen, T. Pulkes, O. Trachoo, A. Boongird (Bangkok, Thailand) 
Objective: To report a patient with PKAN whose dystonia improved with bilateral pallidal (GPi) DBS. 
Background: The benefits of GPi DBS are well-recognized in primary dystonia and tardive dystonia. However, 
responses in other secondary dystonias are variable. There have been a small number of reports of DBS outcome in 
PKAN. 
Methods: Case report. 
Results: A previously healthy Thai man developed dystonia at age 18 years, initially in his legs, which then spread 
to his trunk and orofacial muscles, within a year. He also had remarkable speech and swallowing difficulties. His 
parents did not notice significant cognitive changes. There was no family history. While not aware of consanguinity, 
his parents came from the same province. Exam at age 20 revealed severe generalized dystonia with predominant 
lower cranial involvement (jaw opening), retrocollis and truncal extension (Burke-Fahn-Marsden Dystonia Rating 
Scale, BFMDRS, 87). Brain MRI revealed a classic “eye-of-the-tiger” appearance with iron accumulation in 
bilateral globus pallidi. Sanger sequencing disclosed homozygous c.856C>T (p.Arg286Cys) mutation in the PANK2 
gene. With pharmacotherapies, there remained severe dystonia and impaired daily activities. He underwent bilateral 
GPi DBS at age 20, had been followed at 1 month for the initial programming and monthly for adjustments, which 
led to improvement in dystonia. Unfortunately, at 6-month follow-up, he had dystonic storm (BFMDRS 79.5) with 
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tachycardia and CK of 910 U/L. This was triggered by severe dehydration from diarrhea 2 weeks prior. He was 
admitted and given intravenous hydration. The DBS setting was adjusted to Case+1-/1.3/90/100 (contact/amplitude 
[V]/pulse width [µsec]/frequency [Hz]) and Case+5-/2.0/90/100 in the right and left channels. He rapidly improved 
within 1-2 days, almost back to the pre-admission baseline. Upon 1-month follow-up with the same DBS setting, 
dystonia continued to slightly improve (BFMDRS 23). Pre- and postoperative videos will be presented. 
Conclusions: This patient demonstrates benefits of bilateral GPi DBS for dystonia in PKAN which may be 
considered as an option in selected patients such as ones with severe disabling dystonia. Definite DBS outcome in 
our patient still requires long-term follow-up. Further larger studies with blinding will elucidate outcome, 
appropriate patient selection and DBS parameters in PKAN and other secondary dystonias. 

2083 
Does Deep Brain Stimulation in Parkinson’s Disease Change Disease Progression in the Long Run? 
B. Thomsen, A. Løkkegaard, B. Jespersen, M. Karlsborg, A. Clausen, S. Jensen (Copenhagen, Denmark) 
Objective: This is one of the first studies investigating the progression of disease and mortality of patients with 
Parkinson’s Disease (PD) 8-15 years after Deep Brain Stimulation surgery of the subthalamic nucleus (STN-DBS). 
Background: STN-DBS is a well-established therapy and the most effective treatment of PD motor symptoms. 
Patients have better motor function in late stage PD, but it is not clear whether STN-DBS delays disease 
progression. 
Methods: Patients who underwent STN-DBS surgery between 2001 and 2008 have been included for the long-term 
follow-up (n=81). The results of the long-term treatment effect will be available in another publication. Patients 
were clinically assessed before surgery and at follow-ups one year after surgery, and 8-15 years after surgery. At the 
clinical evaluations patients were shortly hospitalized and rated by the UPDRS with (ON) and without (OFF) 
stimulation and medicine. Time of death and the cause of death was registered. 
Results: Analyzed using mixed model procedure the mean OFF UPDRS 3 scores was 43.8 at baseline, 48.5 one 
year after surgery and 57.9 8-15 years after surgery. This corresponds to a significant disease progression of 10.8 % 
between baseline and one year after surgery (p=0.003), 32.4 % between baseline and 8-15 years after surgery 
(p<0.0001) and 13.4 % between one and 8-15 years after surgery (p=0.003). The average annual slope between the 
baseline and the one-year UPDRS is therefore 3.4 (7.8 %), 1.2 (2.7 %) between baseline and the long-term follow-
up, and 0.73 (1.3 %) between the one and long-term follow-up. The motor disease progression according to the OFF 
UPDRS was smaller than previously described in a general PD population. 43 out of 81 of the patients died before 
the long-term follow-up. The mean age at death was 71.3 (range: 52.7 to 85.2) years of age. Patients lived as long as 
a general PD population [1]. 
Conclusions: The disease progression according to the motor UPDRS was smaller than previously described in a 
general PD population. No difference was found according to live expectancy. Patients who receive STN-DBS 
surgery are a relatively selected group and therefore we cannot draw any final conclusions on the effect of STN-
DBS on progression of disease without a matching control group. Further research is needed on this subject. 
References: 1. Ishihara, L.S., et al., Estimated life expectancy of Parkinson's patients compared with the UK 
population. J Neurol Neurosurg Psychiatry, 2007. 78(12): p. 1304-9. 

2084 
Effects of Directional Deep Brain Stimulation of the Subthalamic Nucleus in Parkinson's disease 
G. Tommasi, L. Bertolasi, A. Nicolato, F. Sala, B. Bonetti, M. Longhi (Verona, Italy) 
Objective: To assess if a horizontal current steering in the subthalamic nucleus (STN) by directional deep brain 
stimulation (dDBS) offers clinical advantages compared to conventional circular DBS (cDBS). 
Background: Today there is some evidence that dDBS may be more advantageous than the cDBS, as it offers more 
programming flexibility. 
Methods: We analyzed retrospectively a small cohort (5 males) of Parkinson’s disease (PD) patients, implanted 
with a dDBS system for bilateral subthalamic stimulation. This dDBS system combines eight-contact directional 
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leads (four electrodes levels, with the two middle levels of tripartite electrodes) and a pulse generator capable of 
multiple independent current source control (MICC). After a standard monopolar review in ring-mode on all four 
levels of each lead, the chronical stimulation started using cDBS through the electrodes that proved to be most 
effective for rigidity control, allowing the largest therapeutic window (TW). If during the subsequent period of 
parameters adjustment, the TW of a lead proved to be too narrow or null, preventing further motor improvement, a 
directional review of the contact points of this lead was carried out on the best ring-level. If directional review 
proved to widen the TW, we switched to dDBS, gradually optimizing the horizontal current steering according to 
clinical needs. 
Results: In all our patients we needed to switch from cDBS to dDBS at least on one lead (in a total of 7 out of 10 
leads), because of the threshold of adverse effects (facial muscle contractions, dysarthria, dyskinesia) in the ring-
mode setting prevented to optimize motor parkinsonian improvement. On these leads an optimal setting of the 
horizontal current steering resulted in significantly larger TW, and higher side-effect threshold, which allowed to 
improve contralateral bradykinesia (5 leads), tremor (2 leads), rigidity (2 leads), gait (3 leads), and eyelid opening 
apraxia (one lead). During the follow-up (mean 11 ± 3 months from implantation), all 7 leads remained with a 
directional setting; patients showed a clinical ON-state comparable to the preoperative levodopa challenge and a 
significant reduction of dopaminergic medication by 68%, without complaining of relevant motor fluctuations. 
Conclusions: Our results suggest that horizontal current steering in the STN by dDBS-MICC system may expand 
the TW compared to cDBS, optimizing the efficacy of DBS in PD patients. 

2085 
Differential effects of stimulation amplitude and lead laterality of deep brain stimulation of the subthalamic 
nucleus on speech and Parkinsonian motor symptoms 
E. Tripoliti, B. Veggia, M. Hariz, P. Limousin (London, United Kingdom) 
Objective: To examine the differential effects of subthalamic nucleus deep brain stimulation (STN DBS) amplitude 
(high and low) and lead laterality (Left-Right-bilateral) on speech intelligibility and motor symptoms in patients 
with Parkinson´s disease (PD). 
Background: STN DBS is performed to control motor symptoms of PD. However, decreased speech intelligibility 
is a frequent side effect, limiting the extent to which other symptoms can be suppressed by DBS. The exact cause of 
post-DBS dysarthria is unknown. Electrical stimulation parameters and lead position have been implicated in speech 
outcome. 
Methods: Nine patients with PD (5 males, age 57.6±6.3years, 14±6.6years disease duration) participated in this 
study at 2.4 ±1.7years after DBS surgery. Speech was recorded without medication in 6 conditions for each 
participant: with Left side stimulation-on at high amplitude (4V) and at low amplitude (2V); Right side stimulation 
on at 4V and at 2V; bilateral stimulation at 4V and at 2V. Speech intelligibility (% of words understood) and 
UPDRS-III were rated in a blinded way. 
Results: There was a significant effect of laterality and amplitude on UPDRS-III scores, with bilateral stimulation at 
high amplitude being most effective. 
Speech was significantly better when patients were stimulated at low amplitude on the Left STN (83% ± 17) 
compared to high amplitude on the same side of the brain (69%, ± 27, p<.05). However, patients had better speech 
when stimulated bilaterally at low amplitude (85% ± 12, p<.01) than unilaterally at high. There was a significant 
negative correlation between motor and speech scores when patients were stimulated bilaterally at high amplitude. 
Conclusions: In this small number of patients our data confirm the hypothesis that speech is modulated at lower 
thresholds than motor symptoms. There is no conclusive data for the preponderance of the left STN on motor speech 
control. 

This article is protected by copyright. All rights reserved.



2086 
Transcranial MR guided FUS thalamotomy in essential tremor: a comprehensive lesion characterization 
D. Urso, J. Pineda-Pardo, R. Martínez-Fernández, R. Rodríguez-Rojas, M. del-Alamo, P. Millar-Vernetti, J.U. 
Mañez, F. F. Hernández-Fernández, E. de Luis-Pastor, L. Vela, J.A. Obeso (Móstoles, Spain) 
Objective: To report on radiological and topographical features of the lesion observed at 24-hours and 3-months 
following Transcranial MR guided FUS (tcMRgFUS) thalamotomy in a cohort of medically refractory essential 
tremor patients, and to correlate them with the procedure profiles and the clinical outcomes. 
Background: Unilateral tcMRgFUS thalamotomy has emerged as a safe and effective alternative for the treatment 
of medically-refractory essential tremor [1]. Thalamic lesions following tcMRgFUS have been characterized as a set 
of three concentric zones with different tissue properties. On T2w images, inner zones 1 and 2, i.e. lesion core and 
periphery, represent coagulation necrosis and cytotoxic edema, and the larger and fuzzier outer ring (zone 3) 
vasogenic edema [2]. 
Methods: Forty patients with medication-refractory essential tremor were treated with unilateral tcMRgFUS 
thalamotomy. Clinical and radiological data were prospectively acquired at baseline, immediately and at 3-months 
after treatment. Treatment efficacy was assessed with Clinical Rating Scale for Tremor (CRST). Lesions were 
manually segmented on T1, T2 and susceptibility weighted images, and three-dimensional topographical analysis 
was then carried out. Statistical comparisons were performed using nonparametric statistics. 
Results: The major clinical improvement was correlated with a more ventrocaudal lesion (P<0.05) [Figure 1], 
greater lesion volume (P<0.05), whereas the largest lesions accounted for the occurrence of gait imbalance (P<0.05). 
The volume of the lesion was significantly predicted (P<0.05) by the number of sonications surpassing 52ºC. 
Furthermore, three different lesion patterns were identified on T2w images at 3-months [Figure 2], which depended 
on age and the treatment profile but had no relation with the clinical outcome. 
Conclusions: We provide a comprehensive characterization of the thalamic tcMRgFUS lesion including 
radiological and topographical analysis. Three-dimensional topographical analysis revealed a significant association 
between the location and volume of the lesion and the clinical outcome, although largest lesions were also related to 
the presence of adverse events. The number of moderate temperature sonications correlated with the final lesion 
volumes thus empowering the importance of the sonications below 55ºC. 
References: 1- Elias W.J., Lipsman N., Ondo W.G., Ghanouni P., Kim, Y.G., Lee W., et al: A Randomized Trial of 
Focused Ultrasound Thalamotomy for Essential Tremor. N. Engl. J. Med. 375, 730–739, 2016. 2- Wintermark M, 
Druzgal J, Huss DS, Khaled M a, Monteith S, Raghavan P, et al: Imaging Findings in MR Imaging–Guided Focused 
Ultrasound Treatment for Patients with Essential Tremor. Am J Neuroradiol AJNR 35:891–96, 2014. 
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2087 
Changing for a rechargeable neurostimulator in Parkinson's disease patients: safety and feasibility 
T. Wirth, C. Laurencin, J. Berthiller, A. Brindzeu, E. Simon, G. Polo, P. Mertens, E. Broussolle, T. Danaila, S. 
Thobois (Strasbourg, France) 
Objective: This study aimed to determine the feasibility and safety of the replacement of non-rechargeable 
implanted pulse generator (IPG) by rechargeable ones. 
Background: DBS of the STN is the reference second line treatment for PD. Battery depletion leading to iterative 
replacements increasing the risk of device infection and the capacity for neurosurgical teams to perform a growing 
number of IPG changes are among the most significant limitations of this procedure. Recently, rechargeable IPGs 
have been developed to overcome these issues. It has consequently been proposed that patients with predictable long 
disease duration may benefit from replacement with a rechargeable IPG. However, only few studies assessing this 
strategy in real life have been reported until now. 
Methods: We retrospectively collected clinical data from all PD patients stimulated in the STN who underwent the 
replacement of non-rechargeable IPG by rechargeable one in the movement disorders Unit of Lyon Neurological 
Hospital, France. Duration of hospitalization and number of consultation performed during the 3 months following 
the replacement was collected. Patients evaluated the convenience of recharging routine by a specific score ranging 
from 1 = very cumbersome to 5 = very simple. We also assessed patients and physician satisfaction (based on PD 
symptoms) using a CGI score. 
Results: From January 2017 to December 2018, Medtronic ACTIVA PC was replaced in 30 patients by Boston 
VERCISE RC or GEVIA devices. Mean patients age was 60.1 years, mean duration of the disease was 18.5 years 
and mean duration of DBS was 6.7 years. 13.3% of patients had an history of device infection, with material 
removal in 3 cases. During the follow up, 5 patients required rehospitalization for parameters adjustments or 
rechargeability issues, with a mean stay of 5.2 nights and 11 patients required one or more consultations for DBS 
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settings adjustments, usually in the first weeks following surgery. At 3 months, mean physician CGI was 4, mean 
patient CGI was 3.9 and mean patient rechargeability score was 4 meaning the stability of the clinical benefit and a 
high level of patients’ satisfaction. A single patient presented transient local inflammation of the IPG lodge after 
replacement. 
Conclusions: Our data suggest that non rechargeable IPG replacement by rechargeable ones is a feasible and safe 
procedure, with preservation of the clinical benefit in the short term. 

2088 
Patient-Centered Decision Making Tool for Deep Brain Stimulation in Parkinson’s Disease and Outcome and 
Satisfaction Assessment 
K. Yen, J. Miyasaki, F. Ba (Edmonton, AB, Canada) 
Objective: To develop a patient-centered care (PCC) tool for Parkinson’s Disease (PD) patients going for Deep 
Brain Stimulation (DBS) surgery. 
Background: PCC aims to improve health outcome and patient satisfaction by incorporating patient perspective and 
knowledge into medical decision making. Currently, a PCC tool does not exist for DBS selection process. Therefore, 
we developed a web-based tool with responsive design that targets individual PD patients’ symptoms and educate 
them about the likelihood of symptom improvement. This tool allows us to improve health outcome by improving 
patient knowledge and incorporating patient expectation for joint decision making. 
Methods: We recruited PD patients aged 18-70 referred for DBS assessment. We introduced them to a computer 
application that allowed them to select individual PD symptoms and learn about the likelihood of target symptom 
improvement. A pre and post application questionnaire was used to assess their knowledge and expectations of 
DBS. Patients who chose to proceed with further assessment are evaluated by the DBS team. Those selected and 
completed DBS surgery are given a follow up questionnaire to assess their symptom improvement, patient 
satisfaction, goal attainment, and quality of life improvement. 
Results: We recruited 62 patients [table 1]. Most bothersome motor and non-motor symptoms are summarized in 
[table 2]. The reported motor and non-motor symptoms are summarized in [table 3A an 3B]. All patients found the 
application helpful as an educational tool at the initial DBS assessment. Patients had good knowledge of motor 
symptoms that respond to DBS prior to the application and had improved understanding of symptoms that don’t 
respond to DBS after the application [figure 1]. After the application, patients had more realistic goals for symptom 
reduction. At 12 months post DBS, most patients agreed that DBS was the right decision.  Many patients found the 
application helpful for setting realistic goals and would recommend it to other patients. 
Conclusions: To our knowledge, this is the first PCC tool for DBS candidate selection. Our results showed that 
patients using the application had improved knowledge and expectations of DBS outcomes. This application acts as 
an educational tool for all PD patients and allows them to provide their perspective into medical decision making to 
assist with goal attainment. 
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2089 
Treatment approaches for infection following DBS 
F. yuzbasi, H. kaptan (izmir, Turkey) 
Objective: We retrospectively reviewed all infection following DBS surgeries performed in a 4-year period 
Background: Infection is one of the most common complications of deep brain stimulation (DBS) Device-related 
infections and erosion of the surgical wound site are special circumstances among complications of  DBS. This is a 
feared complication, as it is difficult to manage and leads to increased patient morbidity. (1,2,3,) 
Methods: To study short- and long-term DBS-related infection ; to evaluate treatment associated with 3 patients 
with device-related infection. 
Results: Electrode placement to bilateral subthalamic nuclei  was performed due to Parkinson’s Disease to all 3 
patients. One of the patients was undergone surgical wound site revision for six times and device removal at last 
because of device-related infection and erosion of the surgical wound site. The second patient was undergone 
surgical wound site revision for two times and device removal at last because of device-related infection and erosion 
of the surgical wound site. The last patient  had a collection subcutaneously in where the pulse generator placed. 
Aspiration of the collection was performed. We tried treatment with antibiotics and/or wound revision are a suitable 
option before the decision of device removal. Unfortunately we did not succeed in one. Of the two patients treated 
successfully conservatively. 
Conclusions: It was our priority to try a conservative approach in surgical site infections related to DBS, in order to 
avoid unnecessary removal of the hardware. 
References: 1.Bhatia R, Dalton A, Richards M, Hopkins C, Aziz T, et al. The incidence of deep brain stimulator 
hardware infection: the effect of change in antibiotic prophylaxis regimen and review of the literature. Br J 
Neurosurg 25: 625–631;2011 2.Piacentino M, Pilleri M, Bartolomei L.Hardware-related infections after deep brain 
stimulation surgery: review of incidence, severity and management in 212 single-center procedures in the first year 
after implantation. Acta Neurochir (Wien) 153: 2337–2341;2011 3.Deep brain stimulation hardware-related 
infections: 10-year experience at a single institution. Abode-Iyamah KO, Chiang HY, Woodroffe RW, et al. J 
Neurosurg. 2018 Mar 1:1-10. doi: 10.3171/2017.9.JNS1780. 

2090 
Directional deep brain stimulation: what’s for? 
R. Zangaglia, B. Minafra, F. Bruschi, N.G. Pozzi, F. Avantaggiato, C. Pacchetti (Pavia, Italy) 
Objective: to characterize the therapeutic window of ring and directional stimulation in subjects with PD and DBS 
of the subthalamic nucleus (STN) or the Globus pallidus pars interna (Gpi). 
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Background: Deep brain stimulation (DBS) is an effective treatment for Parkinson Disease (PD) but can cause 
stimulation-related side effects. Conventional cylindrical DBS electrodes stimulate neurons all around the active 
contacts (i.e. ring stimulation), without the possibility of orienting the stimulation. This ring stimulation may affect 
untargeted brain regions activity, thus possibly causing motor and non-motor side effects. The directional DBS 
electrodes may now overcome this limitation by orienting the stimulation in horizontal directions. 
Methods: since April 2016, we implanted 15 PD patients with directional electrodes (13 STN-DBS and 2 GPi-
DBS). One month after surgery, we performed an extensive programming session to characterize the efficacy and 
side-effect thresholds of both ring and directional stimulation. All patients were assessed after overnight suspension 
of all their dopaminergic medications (meds-off condition). 
Results: Directional stimulation was selected in 53% of the patients. In particular, 5 subjects had directional 
stimulation in one of the two electrodes and 3 patients in both, whereas 7 patients benefited the most from 
conventional ring stimulation. In one example case, directional stimulation allowed the complete control of tremor 
and prevented the ring stimulation induced muscle contractions of the upper right limb. 
Conclusions: The directional stimulation can enlarge the therapeutic window by increasing the threshold for 
stimulation-related side effects. This can improve the clinical outcome at the expenses of a longer and complicated 
programming. We described emblematic cases, detailing clinical and stimulation conditions in subjects with PD. 

2091 
Bilateral STN-DBS after bilateral pallidotomy for Parkinson's disease: A Case Report 
C.C. Zhang, L.B. Wang, D.Y. Li, B.M. Sun (Shanghai, China) 
Objective: To examine the clinical benefits and side effects of bilateral STN-DBS after bilateral pallidotomy for 
Parkinson's disease (PD). 
Background: Pallidotomy can provide an effective treatment for severe cases of intractable PD. Interest in this 
treatment is growing because non-craniotomy invasive surgical techniques, such as MR-guided focused ultrasound, 
have become available that control lesion size percisely and consequent irreversible side effects. As compared with 
deep brain stimulation (DBS), pallidotomy is superior in terms of no risk for complications related to device 
implantation or electrical stimulation. However, despite its advantages, the clinical effectiveness of pallidotomy can 
decline with PD progression in some cases. 
Methods: Here we report a case who got bilateral STN-DBS after bilateral pallidotomy 18 years later. This 69-year-
old male patient exhibited upper-limb tremor and camptocormia (more than 45° thoracolumbar flexion apparent 
when standing or walking). PD symptoms responded to bilateral pallidotomy. However, he gradually developed PD 
symptoms as tremor, rigidity, motor fluctuations, and freezing of gait as the disease progressed, which substantially 
impaired his quality of life. As a result, the patient sought follow-up treatment. In 2018, he underwent bilateral STN-
DBS. After surgery, the acute STN DBS effects on the patient’s motor symptoms were evaluated. 
Results: After STN DBS, the patient showed a 36%/44% improvement in motor symptoms (med off: 57 to 32, med 
on: 53 to 34, UPDRS-Ⅲ). Specifically, the patient displayed no tremor (med off: 9 to 0, med on: 5 to 0, UPDRS-Ⅲ) 
and showed improvements in axial symptoms (med off: 16 to 8, med on: 15 to 10, UPDRS-Ⅲ), bradykinesia (med 
off: 18 to 13, med on: 20 to 13, UPDRS-Ⅲ) and rigidity (med off: 14 to 11, med on: 13 to 11, UPDRS-Ⅲ). 
Moreover, patient’s speed of performance on the 3-meter Up-and-Go Test (TUG) was remarkably improved after 
surgery (med off: 480s to 30s, med on: 464s to 25s). 
Conclusions: STN-DBS could be a viable option as a follow-up treatment for patients with PD who no longer 
benefit from pallidotomy. However, it remains to be determined whether the instant motor improvements seen with 
STN-DBS are sustained over an extended period. 
References: / 
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2092 
Late onset idiopathic cerebral edema associated with deep brain stimulation 
M. Blázquez Estrada, P. Siso García, E. Suárez SanMartín, J. Sol Alvarez, E. Santamarta Liébana, C. García 
Fernández, B. Lozano Aragoneses, J. Alvarez Carriles, A. Sáiz Ayala (Oviedo, Spain) 
Objective: To present two case report 
Background: Deep brain stimulation (DBS) is an effective surgical therapy for certain neurological and psychiatric 
disorders, but it is not free of complications. Late-onset idiopathic cerebral edema, located around the electrodes, is 
an infrequent complication. Its etiology, predisposing factors and prognosis is unknown. 
Methods: Case 1A 67-year-old male with incapacitating essential tremor (ET) underwent surgery for DBS in the 
VIM. The procedure proceeded smoothly, only a mild pneumocephalus was visualized. Monopolar omnidirectional 
stimulation was programmed in both electrodes with standard parameters. The patient presented good evolution, 
being discharged 72 hours after surgery. Two days later he began with drowsiness, headache and dysarthria. CT 
showed vasogenic edema around the path of both electrodes and treatment with dexamethasone and antibiotherapy 
was prescribed. A MRI (Fig. 1), confirmed the CT findings. Ten days later the neuroimaging study showed a 
decrease in edema suggesting an inflammatory process. Afterwards the symptoms progressively improved, 
disappearing 5 weeks after surgery.Case 2: A 59-year-old male with incapacitating TE underwent bilateral DBS in 
the VIM. The procedure was performed without any incident. Omnidirectional stimulation was programmed with 
standard parameters and CT showed a minimum bifrontal pneumocephalus. One week later, the patient began with 
drowsiness and dysarthria, the CT revealed edema around the right electrode, interpreted as a possible abscess, and 
antibiotherapy was administered. Fifteen days after surgery an MRI confirmed the existence of non-capturing 
vasogenic edema and discarding the infectious etiology (Fig.2). He recovered completely and 6 months later a CT 
confirmed the disappearance of the edema. 
Results: Discussion In recent years, several cases of late onset edema associated with DBS have been reported. This 
entity has been defined as edema surrounding the electrodes, which begins more than 72 hours after the intervention, 
in the absence of trauma, vascular events or infection. The estimated incidence is 6.3% and may be accompanied by 
other neurological symptoms. MRI usually confirms the presence of edema surrounding the electrode and ruled out 
other complications. 
Conclusions: The etiopathogenic mechanism of late onset idiopathic cerebral edema is unknown. 
References: 1. Dietrich Haubenberger, M.H.Sc., M.D., Mark Hallett, M.D., D.M. Essential Tremor. N Engl J Med 
2018; 378:1802-1810 . (DOI: 10.1056/NEJMcp1707928) 2. Groppa S, Herzog J, Falk D, Riedel C, Deuschl G, 
Volkmann J. Physiological and anatomical decomposition of subthalamic neurostimulation effects in essential 
tremor. Brain, volume 137, 2014, 109–121. 3. de Cuba CM, Albanese A, Antonini A, Cossu G , Deuschl G , Eleopra 
R et al, Idiopathic delayed-onset edema surrounding deep brain stimulation leads: Insights from a case series and 
systematic literature review, Parkinsonism and Related Disorders, 2016 Nov;32:108-115. 
(http://dx.doi.org/10.1016/j.parkreldis.2016.09.007) 4. T. A. Zesiewicz, R. Elble, E. D. Louis, et al. Practice 
Parameter: Therapies for essential tremor. Report of the Quality Standards Subcommittee of the American Academy 
of Neurology. Neurology. 2005;64;2008-2020. 5. Tong F, Ramirez-Zamora A, Gee L, Pilitsis J. Unusual 
complications of deep brain stimulation. Neurosurg Rev. 2015 Apr;38(2):245-252; (doi: 10.1007/s10143-014-0588-
9. Epub 2014 Oct 25) 6. Englot DJ, Glastonbury CM, Larson PS. Abnormal T 2 -Weighted MRI Signal Surrounding 
Leads in a Subset of Deep Brain Stimulation Patients. Stereotact Funct Neurosurg. 2011;89(5):311-317. 
(10.1159/000329365) 

This article is protected by copyright. All rights reserved.



 

 

Non-Pharmacological Interventions 

2093 
Musicoterapy and Neurorehabilitation in Patients with Parkinson's Disease 
T.R. Alcântara-Silva, D. Silva, A.L. Alcântara-Silva, S. Suzuki-Godoy (Goiânia, Brazil) 
Objective: The aim of this study was verify the role of music therapy (MT) in motor and emotional improvement in 
Parkinson’s disease patients. 
Background: Parkinson’s disease (PD) is a neurodegenerative disorder with motor and non-motor symptoms. The 
motor symptoms are secondary to the loss of dopamine. Also accompanied by various non-motor symptoms, 
including pain, anxiety depression, dementia and others. These symptoms have dramatic impact on the quality of life 
or the patients. The Music Therapy have been developed in order to improve the clinical manifestations of this 
disease with scientific evidence for the therapeutic effects in PD. 
Methods: This is a prospective study that included subjects with PD, pharmacological treatment only, with no 
changes of medication and preserved cognitive functions during the study. The clinical evaluation was by a 
neurologist using the Unified Parkinson’s Disease Rating Scale (UPDRS) pre-MT, during the 24th session of MT 
and three months after the end of the MT series. Trained music therapists, twice a week, for 40 minutes each 
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conducted the MT sessions. The clinical evaluation included perception of music by the patient, subjective 
impression of the last session, and independent evaluation of the therapist through videos of the sessions coded so 
that the music therapist that evaluated them could not identify their order. 
Results: The data show improvement according to UPDRS evaluation of neck rigidity (51.92%), hand movements 
on the right and left sides (81.05%), fast and alternate hand movements on the right and left sides (59.29%), rigidity 
in the upper extremity on the left side (64.00%), leg agility on the right side (66.66%), gait (54.54%), postural 
stability (81.81%) and bradykinesia/hypokinesia (45.45%) 
Conclusions: Music therapy has shown good results as an approach to treatment of motor and non-motor symptoms 
of patients with Parkinson's disease, and this has been increasingly established through scientific evidence. These 
results demonstrate that the licensed music therapist can be inserted, more frequently, into multidisciplinary 
treatment teams for PD. 

2094 
Global implementation of efficacious voice treatment for Parkinson's disease: LSVT LOUD in Germany, 
France and Japan 
T. Brauer, L. Ramig, C. Airiau, M. Fujiu-Kurachi (Mainz, Germany) 
Objective: This study was designed to evaluate the implementation of an efficacious voice treatment, Lee 
Silverman Voice Treatment (LSVT LOUD), into scope of clinical practice in Germany, France and Japan. 404 
clinicians trained in LSVT LOUD were surveyed on a range of variables including training effectiveness and 
treatment outcomes. 
Background: Evidence-based rehabilitation without successful implementation has limited impact on patient care 
[1].This study will describe the implementation of LSVT LOUD, an efficacious voice treatment for Parkinson 
Disease (PD), with three published Randomized Control Trials (RCTs) documenting the short and long-term 
efficacy in the USA [2,3,4], into the clinical speech practice in Germany, France and Japan. 
Methods: The translation pathway recommended by CRISP was followed, with emphasis on treatment fidelity. 
Thus a key element in the implementation process was standardized training of speech clinicians. A fundamental 
goal was maintaining the fidelity of the training while respecting the culture of the country. 
Thirty-five LSVT LOUD Training and Certification Courses were held throughout Germany, France and Japan 
since 2000 resulting in more than 3,000 LSVT LOUD Certified clinicians. All training materials were translated into 
German, French and Japanese by native speakers and all training courses were delivered live with either 
simultaneous or subsequent translation. 
To assess implementation and treatment fidelity of LSVT LOUD, an online survey (translated into German, French 
and Japanese) was administered (Survey Monkey) to these LSVT LOUD Certified clinicians. 
Results: Preliminary results revealed 72-90% of clinicians surveyed felt they had received effective training in 
LSVT LOUD and 62-72% felt they were achieving better outcomes with LSVT LOUD than previous approaches. 
These findings were consistent with a pilot surveys of groups of German and French clinicians [5,6]. 
Conclusions: LSVT LOUD is being implemented successfully into scope of clinical speech practice in Germany, 
France and Japan. This successful implementation of science into clinical practice model provides a road map for 
other countries where LSVT LOUD clinicians are trained (over 20,500 LSVT LOUD clinicians in 75 countries). 
Clinician feedback will impact training enhancements. 
These data will be presented at the World Parkinson Congress, June ,2019, Kyoto, Japan. 
References: [1] CRISP (2015) Center for Research in Implementation Science and Prevention, Anschutz Medical 
Campus, University of Colorado. [2] Ramig, L., Sapir, S., Countryman, S., Pawlas, A., O’Brien, C., Hoehn, M., & 
Thompson, L. (2001a). Intensive voice treatment (LSVT) for Individuals with Parkinson disease: a two-year follow-
up. Journal of Neurology, Neurosurgery, and Psychiatry, 71, 493-498. [3] Ramig, L., Sapir, S., Fox, C., & 
Countryman, S. (2001b). Changes in vocal Intensity following intensive voice treatment (LSVT) in individuals with 
Parkinson disease: Pre post- and 6 months comparison with untreated patients and age-matched normal controls. 
Movement Disorders, 16, 79-83. [4] Ramig, L., Halpern, A., Spielman, J., Fox, C. and Freeman, K. (2018) Speech 
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Treatment in Parkinson Disease: Randomized Controlled Trial (RCT). Movement Disorders. 1-15. 
https://doi.org/10.1002/mds.27460 [5] Brauer, T., Airiau, C., Fox, C., Ramig, L., Penner, H. & Benecke, P. (2018). 
Global Implementation of efficacious voice treatment for Parkinson disease: LSVT LOUD Germany and France. 
Presented at the American Speech Language Hearing Association Conference, Boston. [6] Brauer, T., Penner, H., 
Benecke, P., Fox, C. & Ramig, L. (2016). Global implementation of efficacious voice treatment for Parkinson 
disease: LSVT LOUD Germany. Presented at the Movement Disorders Society, 20th International Congress of 
Parkinson Disease and Movement Disorders, Berlin. 

2095 
Outcomes of Percutaneous Endoscopic Gastrostomy (PEG) Feeding in Parkinson's 
L. Brown, M. Oswal, H. Martin, A. Lindahl, R. Skelly (Derby, United Kingdom) 
Objective: To describe outcomes of PEG feeding in Parkinson's and related disorders. 
Background: PEG feeding provides a means of getting food, liquid and medication safely into the stomach in 
people with dysphagia. There is little guidance on use of PEG in Parkinson’s but information of survival and 
complications post PEG might inform difficult discussions with patients and family. 
Methods: 83 cases were identified by review of PEG registers and by searching the administrative databases in 2 
large UK university hospitals (2008-2017). A retrospective case note review was undertaken. Care processes and 
outcomes were assessed. Each hospital had a population of about 1000 Parkinson's patients. 
Results: Diagnosis: Parkinson’s disease (PD), 48; PD dementia,10; Progressive supranuclear palsy, 10; Multiple 
system atrophy,5; Dementia with Lewy Bodies, 3; Vascular parkinsonism, 7. Median age 78 year [IQR 72-82]; 
female 29 (35%). HoehnYahr (HY) Stage (for PD only) HY2=2%, HY3=18%, HY4=41%, HY5 = 39%. Care 
Processes. Advance care plan in place prior to admission, 18 (22%); PEG inserted during emergency admission, 68 
(82%); Speech therapy assessment, 74(90%); Documented risk/benefit discussion, 69 (83%). Rate of PEG insertion 
for Parkinsonian disorders: 4.1 per year per 1000 people with Parkinson's. Rate of insertion was stable over time. 
Outcomes. Median total length of stay, 50 days [IQR 28-69]; Median length of stay post PEG, 20 days [IQR 8-30]; 
Median survival, 532 days [IQR 151-850] (data from single site, n=36); 30 day mortality, 3 (8.3%) (data from single 
site, n=36); Step up in care on discharge (institutionalization), 22/65(34%). Complications: None 48 (59%); 
Aspiration 17 (20%); Buried bumper 2 (2%); PEG site infection 6 (8%; Bowel perforation 1 (1%). 
Conclusions: PEG insertion in Parkinson’s is an infrequent event. Most patients are severely disabled. Most PEGs 
occurred during a non elective admission. One third of patients with PEG insertion needed a significant step up in 
care on discharge. 
Recommendations: 1. Markers of advanced disease should prompt advanced care planning including discussion of 
dysphagia management; 
2. Discussions about PEG feeding in Parkinsonian conditions should include information about post PEG survival, 
complications and risk of institutionalization; 3. Further data is needed on quality of life post PEG. [Interim data 
presented at Parkinson's Foundation CLC, Phoenix AZ April 2019.] 

2096 
BeatPark: a new wearable device for gait auto-rehabilitation in Parkinson’s disease delivering adapted 
musical stimulation 
V. Cochen DeCock, D. Dotov, L. Damm, M.C. Picot, P. Ihalainen, V. Driss, C. Geny, B. Bardy, S. Dalla Bella 
(Montpellier, France) 
Objective: The aim of our study is to evaluate safety, tolerance and efficacy of a new device called BeatPark, 
delivering individualized musical stimulation for gait auto-rehabilitation at home. 
Background: Music enhances motivation for physical activity and rhythmic auditory cueing (RAC) improves gait 
in PD. Music with a tempo synchronized to the patient's gait cadence may be perfectly suited for enhancing gait in 
PD. 
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Methods: Forty-five patients with PD (aged 65±9; H&Y=2.4±0.6) underwent a one-month rehabilitation program 
(30 min/day, 5 days a week) involving walking outside while listening to music delivered by the BeatPark device. 
This device associates sensors on the ankles detecting gait cadence and a smartphone application modifying the 
tempo of the music in order to synchronize it to patients gait and increasing it progressively to +10% of the patient's 
spontaneous. Evaluation was based on questionnaires and a six-minute walk test before and after the rehabilitation 
program. 
Results: Using BeatPark was safe, as the number of falls per week reduced from 0.26±0.85 (before rehabilitation) to 
0.14±0.51 (after rehabilitation), (p<0.005); tolerance was good without increased of fatigue and with a significant 
reduction of pain. Speed was improved from 1.28± 0.20 m/s before to 1.32±0.17 after (p =0.007), and associated 
with a significant increase of both cadence (118.0±11.9 vs 121.1±10.1, p= 0.02) but also stride length (1.29±0.13 vs 
1.31±0.15, p=0.04) 
Conclusions: Tolerance and safety of BeatPark are very encouraging. Results on efficacy are promising but a large 
randomized control trial is needed to confirm these preliminary findings. 

2097 
Interactive dual task exercises delivered via smart speaker: a feasibility study 
J. Dean, J. Domingos (Aurora, CO, USA) 
Objective: Assess the feasibility of using commercially available smart speakers to provide exercise activities that 
provide interactive feedback to individuals with Parkinson’s. 
Background: A growing body of evidence suggests that regular physical activity may slow progression of some key 
indicators of health-related QOL and mobility in PD (1). However, individuals with Parkinson’s are 1/3 less active 
than peers (2), potentially inhibiting adherence to exercise activities among this population. 
In addition to providing direct intervention to key areas of deficit such as mobility and speech, dual task activities 
provide challenging and engaging activities that may influence adherence. They also have the secondary benefit of 
mimicking the types of cognitive and motor demands common in daily activities.   
Delivering dual task activities via commercially available “smart speakers” such as Amazon Alexa and the Google 
Home presents the opportunity to provide engaging activities with an interactive interface that’s capable of 
providing feedback while monitoring performance and collecting actionable data. 
Methods: Our primary goal was to assess the feasibility of providing dual task exercise activities to individuals with 
Parkinson’s using “smart speakers” to provide interactive content while tracking performance. 
First, we developed a set of dual-task exercise activities that incorporate the current strengths of commercially 
available smart speakers while targeting key areas of deficit. 
During a structured interaction with exercise activities delivered on an Amazon Alexa, participants were assessed 
based on ability to utilize the user interface as well as exercise performance. At the conclusion, subjects were 
queried regarding satisfaction, ease-of-use & related topics. 
Results: 13 individuals with Parkinson’s (H&YI-III) were recruited for 1:1 assessment over the course of 2 
days.  Users indicated satisfaction with their interactions with the exercise activities. Positive feedback included 
comments regarding cognitive stimulation and novelty of the activity. Negative feedback indicated some difficulties 
with this emerging interface. 
Conclusions: This program is feasible. The rapidly expanding ecosystem of smart speaker devices is an attractive 
vector for delivering activities. The additional vocal effort required to produce satisfactory interactions with the 
device also provides compelling ancillary benefits for this population. 
References: 1) Rafferty MR, Schmidt PN, Luo ST, Li K, Marras C, Davis TL, Guttman M, Cubillos F, Simuni T 
(2017) Regular exercise, quality of life, and mobility in Parkinson’s disease: A longitudinal analysis of national 
parkinson foundation quality improvement initiative data. J Parkinsons Dis 7, 193–202. 2) van Nimwegen, M., 
Speelman, A.D., Hofman-van Rossum, E.J.M. et al. J Neurol (2011) 258: 2214. https://doi.org/10.1007/s00415-011-
6097-7 
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2098 
Deep brain stimulation-guided optogenetic rescue of parkinsonian symptoms 
B. DEGOS, M. VANDECASTEELE, S. VALVERDE, C. PIETTE, G. GANGAROSSA, w. DEROUSSEAUX, A. 
ARISTIETA ARBELAIZ, J. TOUBOUL, L. VENANCE (Paris, France) 
Objective: Using opto-activation of cortical interneurons, we aimed at mimicking the cortical effects of deep brain 
stimulation of the subthalamic nucleus (STN-DBS) to reproduce its therapeutic benefits, thus paving the way for less 
invasive approaches. 
Background: Motor symptoms of Parkinson's disease result from the degeneration of the nigro-striatal 
dopaminergic pathway. The treatment for Parkinson's disease is mainly symptomatic consisting in the replacement 
of the lacking dopamine with levodopa and dopaminergic agonists. However, after the “honeymoon” relief period 
with dopaminergic therapy, patients ineluctably develop levodopa-induced motor complications. At this stage, STN-
DBS constitutes a very efficient alternative therapy. However, due to its surgical invasiveness and strict eligibility 
criteria, STN-DBS benefits only to a minority of patients (~5-10%). Several hypotheses have been proposed to 
explain the beneficial effects of STN-DBS. Notably, a growing body of evidence points towards a cortical effect of 
STN-DBS in parkinsonian rodent models and patients. 
Methods: In anaesthetized in vivo rodents (mice and rat), we performed intra- and juxtacellular electrophysiological 
recordings of pyramidal cells and interneurons of the motor cortex. We used sham and parkinsonian animal (6-
OHDA), and, in some experiments, transgenic mice allowing to optogenetically manipulate cortical somatostatin or 
parvalbumin interneurons. We also developed a mathematical model of the cortical effects of STN-DBS and 
interneuron opto-activation. 
Results: Using in vivo electrophysiology, optogenetics and modeling, we found that subthalamic stimulation 
normalizes pathological hyperactivity of motor cortex pyramidal cells, while concurrently activating somatostatin 
and inhibiting parvalbumin interneurons. Furthermore, we reproduced these effects by direct opto-activation of 
somatostatin interneurons allowing the alleviation of motor symptoms in a 6-OHDA parkinsonian mouse model. 
Conclusions: Overall, these results demonstrate that activation of cortical somatostatin interneurons may constitute 
an alternative and less invasive therapy compared to subthalamic stimulation. 
References: 1. K. Ashkan, P. Rogers, H. Bergman, I. Ughratdar, "Insights into the mechanisms of deep brain 
stimulation", Nat. Rev. Neurol. 13, 9, 548-554 (2017). 2. J. M. Deniau, B. Degos, C. Bosch, N. Maurice, "Deep 
brain stimulation mechanisms: beyond the concept of local functional inhibition", Eur. J. Neurosci. 32, 7, 1080-1091 
(2010). 3. V. Gradinaru, M. Mogri, K. Thompson, J. Henderson, K. Deisseroth, "Optical deconstruction of 
parkinsonian neural circuitry", Science 324, 5925, 354-359 (2009). 4. Q. Li, Y. Ke, D. Chan, Z. Qian, K. Yung, H. 
Ko, G. Arbuthnott and W. Yung, "Therapeutic deep brain stimulation in parkinsonian rats directly influences motor 
cortex", Neuron 76, 5, 1030-1041 (2012). 5. B. Degos, J. M. Deniau, M. Chavez, N. Maurice, "Subthalamic nucleus 
high-frequency stimulation restores altered electrophysiological properties of cortical neurons in parkinsonian rat", 
PLoS ONE 8, 12, e83608 (2013). 6. R. Anderson, A. Farokhniaee, K. Gunalan, B. Howell, C. McIntyre, "Action 
potential initiation, propagation, and cortical invasion in the hyperdirect pathway during subthalamic deep brain 
stimulation", Brain Stimul. 11, 5, 1140-1150 (2018). 7. D. Cunic, L. Roshan, F. Khan, A. Lozano, A. Lang, R. Chen, 
"Effects of subthalamic nucleus stimulation on motor cortex excitability in Parkinson's disease", Neurology 58, 11, 
1665-1672 (2002). 8. P. Payoux, P. Remy, P. Damier, M. Miloudi, I. Loubinoux, B. Pidoux, V. Gaura, O. Rascol, Y. 
Samson, Y. Agid, "Subthalamic nucleus stimulation reduces abnormal motor cortical overactivity in Parkinson 
disease", Arch. Neurol. 61, 8 (2004). 9. V. Fraix, P. Pollak, L. Vercueil, A. L. Benabid, F. Mauguière, "Effects of 
subthalamic nucleus stimulation on motor cortex excitability in Parkinson's disease", Clin. Neurophysiol. 119, 11, 
2513-2518 (2008). 

2099 
Outcomes of a Prospective, Multicenter, International Registry of Deep Brain Stimulation for Parkinson's 
Disease 
G. Deuschl, J. Vesper, R. Jain, A. Wang, H. Scholtes, V. Study Group (Kiel, Germany) 
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Objective: To describe collected outcomes from a large-scale registry of a Deep Brain Stimulation (DBS) system 
capable of Multiple Independent Current Source Control (MICC) used for the management of symptoms of 
levodopa-responsive Parkinson's disease (PD). 
Background: The effectiveness of DBS for reducing motor complications of PD has been substantiated by 
randomized controlled trials (Schuepbach 2013). Additionally, motor improvement can be sustained for up to 10 
years (Deuschl et al. 2013). Large patient data registries may facilitate insights regarding real world, clinical use of 
DBS. However, no registry database currently exists for a multiple-source, constant current DBS system. 
Methods: The Vercise DBS Registry (ClinicalTrials.gov Identifier: NCT02071134) is a prospective, on-label, 
multi-center, international registry sponsored by Boston Scientific Corporation. The Vercise DBS system (Boston 
Scientific) is a multiple-source, constant-current system. Subjects were followed out to 3 years post-implantation 
where their overall improvement in quality of life and PD motor symptoms was evaluated. Clinical endpoints 
evaluated at baseline and during study follow included Unified Parkinson's disease Rating Scale (UPDRS), MDS-
UPDRS, Parkinson's disease Questionnaire (PDQ-39), and Global Impression of Change. 
Results: To date, 403 patients have been enrolled in the registry and this report will provide an overview of the data 
collected so far from implanted patients within this cohort. At 2-years post-implant, the PDQ-39 Summary Index, 
EQ-5D-5L, and Schwab and England (SE) scores all demonstrated an improvement in Quality of Life (n=131). In 
addition, over 80% of subjects, caregivers, and clinicians reported a sustained improvement in PD symptoms out to 
2-years post-implant as measured by Global Impression of Change. Updated data, including overall safety profile, 
will be presented. 
Conclusions: This DBS registry represents the first comprehensive, large scale collection of real-world outcomes 
and evaluation of safety and effectiveness of a multiple-source, constant-current DBS system. 
References: Schuepbach WM., et al. N Engl J Med. 2013 Feb 14;368(7):610-22.  
Deuschl G., et al. Handb Clin Neurol. 2013;116:107-28.  

2100 
Effects of multi-professional education program for management of Parkinson’s disease alterations on 
quality of life of people who are living with disease: a randomized clinical trial 
C. Dias, A. Costa, E. Okamoto, A. Sartori, C. Silva, M. Piemonte (São Paulo, Brazil) 
Objective: To compare the efficacy of a multi-professional education program for management of PD offered by in 
person group session and by internet on quality of life in people with PD. 
Background: Parkinson's disease (PD) is a complex chronic disease that causes several motor and non-motor 
dysfunctions. The World Health Organization advocates that for health care in chronic diseases, care should be 
person-centered. To participate consciously  in your treatment, it is essential that the individual has knowledge about 
the disease. Aiming to offer multi-professional education to people with PD,  AMPARO Network was created. 
There is a lack in the studies that had compared the efficiency distance education with in-person programs. 
Methods: A randomized, controlled, and blinded clinical trial was conducted with 50 people with PD. The 
participants  were randomly divided in 3 groups:face-to-face group (PG),group at distance (DG) that receives the 
lectures by email or app and control group (CG). The intervention consisted of the delivery of 10 lectures on 
interprofessional PD management. The quality of life assessment (PDQ 39) was adopted as the primary outcome and 
was evaluated before intervention (BI) and after 12 months (AI). A survey to evaluate the knowledge about the 
lecture's topic and to investigate the availability to behaviour changes before (BL), immediately (AL) and 30 days 
(30dAL) after each lecture were applied only for PG and DG and adopted as secondary measures. The results were 
analyzed by ANOVA  considering as factor 3 groups (PGXDGXCG) and assessment points (BIXAI) for the primary 
measure and 2 groups (PGXDG) and assessment points (BPXAPX30dAL) for secondary measures. 
Results: The ANOVA showed a significative interaction among groups and assessment points for PDQ 39 results. 
The post hoc test revealed a significative increase in scores only for PG and DG. Additionally, the ANOVA showed 
a significant effect of assessment points only, regardless of group, for the level of knowledge survey. Finally, for the 
Behavior change survey was not find any significant effects. 
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Conclusions: The education program was able to improve the quality of life of people living with PD regardless of 
delivery way. This evidence confirms that education is a primary pillar to improve management of chronic disease. 
References: INSTITUTE OF MEDICINE (USA) COMMITTEE ON QUALITY OF HEALTH CARE IN 
AMERICA. Crossing the Quality Chasm: A New Health System for the 21st Century. Washington, Washington, 
DC: National Academy, 2001. REDE AMPARO. Disponível em:  
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2102 
Effects of three different physical therapies in body composition of Parkinson's disease 
A. Fagundes, E. Monteiro, M. Delabary, A. Zanardi, M. Casal, V. Martins, M.W. Wolffenbuttel, A. Haas, F. 
Martinez, L. Tartaruga (Porto Alegre, Brazil) 
Objective: Compare the effects of three physical therapies: dance (figure 1), deep water running (figure 2) and 
Nordic Walk (figure 3) in body composition of Parkinson's disease (PD). 
Background: In addition to motor symptoms, is common to observe in PD the presence of sarcopenia and body fat 
increase. Regular physical activity such as dance (DG) [2], deep water running (DWR) [3], and nordic walking 
(NW) [1] can contribute to promote changes in body composition in people with PD. 
Methods: 33 participants with PD, 68.64±11.31 years, 16.65±7.32 UPDRS III, stages between 1 to 4 at HY scale, 
were divided in three groups: DG = 16, NW = 6, and DWR = 16. The interventions less 3 months, 2 times/week, 1 
hour session. The dual energy X-ray absorptiometry (DEXA - Lunar Prodigy Model GE Medical System, 
Milwaukee, WI, USA) was used to evaluate body composition variables: Body Mass (BM), Body Mass Index 
(BMI), Body Fat Mass (BFM), Body Lean Mass (BLM), Trunk Lean Mass (TLM), Lower Limbs Lean Mass 
(LLLM), Trunk Fat Mass (TFM) and Lower Limbs Fat Mass (LLFM). Generalized Estimating Equations analysis 
was used to compare the DG, NW and DWR, pre and post intervention, α <0.05. 
Results: The three groups presented difference in the time for BM (DG: 65.76 ± 3.36 to 65.60 ± 3.22; NW: 83.23 ± 
3.31 to 80.07 ± 3.62; DWR: 67.0 ± 3.50 to 74.06 ± 3.95 p<0.005), BMI (DG: 26.51 ± 1.40 to 26.14 ± 1.57; NW: 
29.02 ± 0.96 to 28.45 ± 1.14; DWR: 24.75 ± 0.70 to 25.89 ± 1.18, p<0.005), TLM (DG: 31.27 ± 1.79 to 29.46 ± 
1.87; NW: 40.70 ± 2.04 to 41.57 ± 1.87; DWR: 34.23 ± 1.73 to 36.56 ± 1.50, p<0.005), LLLM (DG: 21.33 ± 1.57 to 
21.54 ± 1.30; NW: 26.85 ± 1.29 to 26.27 ± 1.62; DWR: 20.50 ± 1.33 to 22.46 ± 1.68, p<0.005) and LLFM. The 
TFM and BFM presented time group interaction (p <0.05). No significant differences were found for BLM. 
Conclusions: After the intervention period, most of body composition parameters presented difference in the three 
groups on time, showing that dance, deep water running and nordic walk are efficient to change these parameters in 
PD. 
References: 1- Monteiro, E. P. et al.;(2017). Effects of Nordic walking training on functional parameters in 
Parkinson's disease: a randomized controlled clinical trial. Scandinavian journal of medicine & science in sports, 
27(3), 351-358. 2- dos Santos Delabary, M., et al.;(2018). Effects of dance practice on functional mobility, motor 
symptoms and quality of life in people with Parkinson’s disease: a systematic review with meta-analysis. Aging 
clinical and experimental research, 30(7), 727-735. 3 - Pinto, C., et Al.; (2018). Is hydrotherapy effective to improve 
balance, functional mobility, motor status, and quality of life in subjects with Parkinson’s disease? A systematic 
review and meta-analysis. PM&R. 
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2103 
Single Centre Experience of PEG Feeding in Parkinson’s Disease 
H. Fairclough, H. Bashir, R. Beekman, M. Lee, E. Johns, C. McDonald (Gateshead, United Kingdom) 
Objective: To determine factors influencing mortality in patients who receive percutaneous endoscopic gastrostomy 
(PEG) in Parkinson ’s disease (PD). 
Background: PD is a progressive neurological disease associated with dysphagia and risk of aspiration. In these 
circumstances PEG insertion may be considered. However, data is limited related to outcomes following PEG in PD 
or the factors associated with favourable outcomes. 
Methods: We retrospectively reviewed case notes (paper and electronic) for all patients with PD undergoing PEG 
between 2014 and 2018 at the Queen Elizabeth Hospital in Gateshead. Patient demographics and clinical 
characteristic prior to PEG insertion were collected. Duration of survival post PEG was recorded. 
Results: PEG had been performed in 21 patients with PD. Notes were available for 18 patients (16 male). Median 
age at PEG was 77.5 (range 53-84). Median duration of PD was 7 years (range 1-25 years). Median Hoehn Yarr 
score was 4 (range 2-5). Mean Levodopa Equivalent Dose (LED) was 664 (median 800, range 0-1125). 
Data on nutritional status was available for 11 patients. Median BMI at time of PEG was 20.3 (range 14.9-267). 
PEG insertion was often considered for medication administration as much as nutrition. 
7 patients had capacity to consent to PEG insertion. 8 lacked capacity to decide regarding feeding and after 
discussion with key decision makers a best interest decision was made for PEG feeding. The capacity of the patient 
to consent to PEG could not be found in 3 cases. 
Of the 18 patients for whom data were available, 3 were alive at case review (survival post PEG ranged from 127-
1614 days). In the deceased cohort patient’s survival post PEG ranged from 6 to 881 days (Median = 65 days). Of 
the total cohort 33.3% (n=6) died within the first 30 days post PEG insertion. 9 (50%) died within 100 days. 
Age, duration of PD and rates of cognitive impairment did not significantly differ between those surviving 30 days 
and those with earlier mortality. [Table 1]. 
Conclusions: Survival post PEG in PD is very variable. In this small case series there were no clear predictors of 
outcome. Notably 50% of the cohort were unable to consent to procedure at time of PEG. This demonstrates the 
need for earlier discussion re patient’s wishes. Further studies will need to gather data from multiple centres in order 
to reliably determine factors associated with favourable outcome following PEG in PD. 

This article is protected by copyright. All rights reserved.



 

2104 
Controlling levodopa and deep brain stimulation induced dystonia with interleaving and fractionalized 
current steering 
E. Feinstein, A. Mammis (Newark, NJ, USA) 
Objective: To mitigate levodopa (LD) and/or deep brain stimulation (DBS) induced dystonia while maintaining 
optimized tremor and bradykinesia control 
Background: DBS is an adjunct to medical therapy for Parkinson disease (PD) allowing for LD equivalent dose 
reduction, minimizing LD induced side effects of dystonia and dyskinesia. In some cases, DBS settings that improve 
one symptom, such as tremor, can worsen another, such as dystonia. Resulting in a DBS population with suboptimal 
control of dystonia and/or tremor because of theses stimulation-induced side effects and limited control over tissue 
activation. 
Methods: A case report of mitigating LD and DBS induced dystonia with interleave and fractional current steering. 
Results: A 59-year old left-handed former professional table tennis player with 30 years of PD history, dominated 
by severe resting tremor and LD-induced dystonia and dyskinesia, was implanted bilaterally in the subthalamic 
nucleus (STN). Motoric response to deep brain stimulation (DBS) was hindered by optimal setting for tremor and 
bradykinesia causing severe stimulation-induced dystonia, which worsened with LD. Interleaving configuration 
improved tremor control and minimized dystonia. Over time his DBS-ON and LD-induced dystonia became more 
painful, debilitating, and present more often. 6 years after the initial surgery, the implantable pulse generator (IPG) 
was replaced with an IPG capable of fractionalized current steering, allowing for more targeted tissue stimulation. 
Combining current fractionalization and interleaving in the STN allowed for optimized tremor control and mitigated 
the LD and stimulation-induced dystonia. Image 1: Interleaved DSB settings. Image 2: Interleaved combined with 
fractionalized current steering 
Conclusions: Fractionalized current steering parameters may provide benefit for patients with severe LD and/or 
stimulation induced dystonia while maintaining optimal motoric benefit from DBS. 
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KICK OUT PD: Qualitative Analysis of Expectations and Outcomes in a Pilot Study of a Parkinson’s Disease 
Karate Intervention 
J. Fleisher, C. Niemet, B. Sennott, M. Lee, C. Whitelock, M. Sanghvi, J. Chodosh, D. Hall, C. Comella (Chicago, IL, 
USA) 
Objective: To investigate expectations regarding exercise, karate, and mindfulness in individuals with early- to 
middle-stage Parkinson’s disease (PD) prior to a community-based karate class, and post-intervention perceptions of 
change in mobility, wellbeing, and quality of life. 
Background: Different exercise modalities benefit PD patients, including aerobic, resistance, and mindfulness-
based activities. Karate incorporates these domains in a community-based class setting with progressive acquisition 
of skills and sequenced movements, which may improve mobility and wellbeing. 
Methods: PD patients participating in a 10-week, open label feasibility study of karate were invited to participate in 
a focus group prior to and following the karate course. The classes were twice weekly for one hour.  Patients were 
included in a one-hour, pre-intervention focus group led by the PI (JF) exploring prior experience with exercise and 
expectations for the intervention.  Post-intervention focus groups explored patient perceptions of changes in their 
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balance, mobility, and overall wellbeing, whether the intervention met expectations, and opportunities for program 
improvement. Qualitative data were analyzed using a grounded theory approach. 
Results: Fifteen participants (8 women), 93% at Hoehn & Yahr stage 2, with median age 68 years (range: 39-80) 
and PD duration 6 years (2-20), completed the pre- and post-intervention focus groups. Each group comprised 6-9 
individuals, the majority endorsing prior experience with and positive attitude towards exercise. Participants 
expressed goals of improving balance and mindfulness. Following the intervention, participants felt karate had been 
beneficial for movement, breathing, and wellbeing. Additional themes were camaraderie and encouragement from 
the instructors and each other. All participants planned to continue their karate practice and recommend it to others. 
Conclusions: A twice weekly karate class tailored to individuals with PD yielded subjective improvements in 
balance, mobility, and general wellbeing, as well as unexpected camaraderie. There was enthusiasm for continued 
participation, highlighting the need for further long-term, controlled studies of this promising intervention. This 
work has been accepted for presentation at AAN 2019 and WPC 2019. 
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2106 
"Poised for Parkinson’s": Group classes in Alexander technique for managing symptoms of Parkinson's 
disease 
M. Gross, R. Ravichandra, M. Norcia, R. Cohen (Candler, NC, USA) 
Objective: To develop and test a group course using Alexander technique (AT) principles to improve functional 
mobility and quality of life for people living with Parkinson’s disease (PlwPD). 
Background: AT is an embodied cognition approach that aims to transform disruptive reactions to stress into 
adaptive responses, enhancing performance of daily activities while improving confidence and reducing anxiety. 
Previous studies have demonstrated that private AT sessions can reduce motor symptoms and improve mood in 
PlwPD. 
Methods: We are delivering an adapted AT program in three cities in North Carolina (USA) to provide group 
instruction for 90 minutes, twice a week, for 8 weeks. We have recruited 25 PLwPD (Hoehn & Yahr stages 1-2.5) 
and 21 care partners in total to participate, and 10 PLwPD and 8 care partners in total in a waitlist control group. 
Coursework includes functional anatomy and self-management strategies, taught through verbal instructions and 
hands-on guidance for both PlwPD and their care partners. We aim to minimize physical symptoms such as stooped 
posture, bradykinesia, freezing, and speech impairments. Our strategy is to embed Alexander technique principles 
into real-life activities that PlwPD often practice in rehabilitation settings, such as balance and functional IADLs. A 
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unique feature of our program is that all activities are prefaced with strategic thoughts and verbal prompts to inhibit 
disruptive automatic reactions PlwPD often exhibit on initiating and sustaining movement. These self-regulatory 
strategies, while neurologically sophisticated, are presented simply enough for both PlwPD and their care partners to 
be able to easily reinforce them throughout the day. 
Results: Results will be available from the multisite study in May 2019, and additional 3 month post-course results 
in August 2019.  We are assessing balance (brief BESTest), functional mobility (7-point physical performance test), 
symptom-management self-assessment, and mood. 
Conclusions: AT shows promise as a long-term self-management approach to reduce PD motor and non-motor 
symptoms, maintain an active lifestyle, and ease caregiver burden. Group classes have the potential to provide cost-
effective delivery with additional social benefits. 

2107 
Transcriptome modification of anodal transcranial direct current stimulation in transgenic Parkinson’s 
disease mouse model 
W. Jang, H.-T. Kim (Gangneung, Republic of Korea) 
Objective: We tried to investigate the impact of tDCS on mRNA and microRNA expression in striatum and 
substantia nigra of transgenic mouse model of PD. 
Background: Transcranial direct current stimulation (tDCS) has demonstrated to modulate neuroplasticity and its 
beneficial effects of motor and non motor symptoms are observed in PD patients. Furthermore, recently, some 
results showed neuroprotective effect in PD in vivo model. However, few studies have attempted to elucidate the 
underlying molecular mechanisms of tDCS in the brain 
Methods: As transgenic mouse model of PD, we adopted α-synuclein A30P/A53T double mutation mouse. Anodal 
tDCS was applied as stimulation method at 1.5mA intensities for 5 consecutive sessions over 1 week. Mouse group 
was divided into tDCS and control group. After the last tDCS was applied, all of the mice were tested on the motor 
coordination test and then sacrificed followed by performing microarray for evaluation of microRNA(miRNA) and 
mRNA transcriptome and analysis. 
Results: In striatum, 38 miRNA and 39 mRNA probes were detected as significant (|Fold change|≥1.5 & p <0.05) 
and 29 miRNA and 274 mRNA probes showed significant difference in SN. In a functional annotation, a variety of 
cellular processes, biological processes, and molecular categories in SN and striatum were found to be modified by 
anodal tDCS compared to control group. KEGG analysis show that melanogenesis, pathway in cancer, cushing’s 
syndrome, cAMP signaling pathway, cGMP-PKG signaling pathway, Vascular mooth muscle contraction and 
inflammatory mediator regulation of TRP channels were most affected. (p < 0.001). We also investigated correlation 
between microRNA and mRNA. In SN, 3 miRNA were upregulated with concomitant mRNA downregulation 
(miR-30c-2-3p, miR-7a-2-3p, miR-676-3p) and 2 miRNA were downregulated in parallel with mRNA upregulation 
(miR-1906, miR-466f-3p), while 8 miRNA were detected as significant for correlation with mRNA expression in 
striatum (miR-101a-5p, miR-134-5p, miR-143-3p, miR-16-2-3p, miR-361-5p, miR-532-3p, miR-665-5p, miR-1934-
3p) 
Conclusions: Our results support anodal tDCS can modify the expression of transcriptome profiles and elucidate 
some specific pathway could be involved as mechanism of tDCS. 

2108 
Protective effect of anodal transcranial direct current stimulation on 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced neurotoxicity in mice via modulating mitochondrial dynamics 
W. Jang, J.Y. Ahn (Gangneung, Republic of Korea) 
Objective: The present study elucidated the neuroprotective effects of tDCS on the mitochondrial quality control 
pathway in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced PD mouse model. 
Background: Abnormal mitochondrial homeostasis is thought to be important for the pathogenesis of PD, and 
recent studies have demonstrated dysregulation of mitochondrial quality control, such as mitophagy and 

This article is protected by copyright. All rights reserved.



fission/fusion, in the brains of PD patients and in animal PD models. Transcranial direct current stimulation (tDCS), 
a noninvasive brain stimulation technique, constitutes a promising approach for promoting recovery of various 
neurological conditions. However, little is known about its mechanism of action. 
Methods: We used the MPTP-induced neurotoxicity model, an in vivo model of PD. Mice were stimulated for 5 
consecutive days with MPTP treatment. After observation of behavioral alteration using the rotarod test, mice were 
sacrificed for the measurement of the PD- and mitochondrial quality control-related protein levels in the substantia 
nigra. 
Results: tDCS improved the behavioral alterations and changes in tyrosine hydroxylase levels in MPTP-treated 
mice. Furthermore, tDCS attenuated mitochondrial damage, as indicated by diminished mitochondrial swelling and 
mitochondrial glutamate dehydrogenase activity in the MPTP-induced PD mouse model. MPTP significantly 
increased the level of mitophagy-related proteins, such as PTEN-induced putative kinase 1, Parkin, and microtubule-
associated protein 1 light chain 3, and decreased the level of p62. These changes were attenuated by tDCS. MPTP 
also increased mitochondrial biogenesis-related proteins, including peroxisome proliferator-activated receptor-γ 
coactivator 1α, nuclear respiratory factor 1 and mitochondrial transcription factor A, and tDCS decreased this 
increase. Furthermore, MPTP significantly increased fission-related protein dynamin-related protein 1 with no effect 
on fusion-related protein mitofusin-2, and tDCS attenuated these changes. 
Conclusions: Our findings demonstrated the neuroprotective effect of anodal tDCS on the MPTP-induced 
neurotoxic mouse model through suppressing excessive mitophagy and balancing mitochondrial dynamics. 

2109 
Impact of Nordik Walking training in patients with Progressive Supranuclear Palsy 
R. Kandel, B. Bhattarai (Lalitpur, Nepal) 
Objective: To evaluate the effects of  Nordik Walking training on  functional mobility, upper limb strength, falls 
and mood in patients with mild  Progressive Supranuclear Palsy (PSP). 
Background: Nordik walking is a form of physical activity, where, natural walking is enhanced by the addition of 
the active use of a pair of Nordik walking poles. Nordik walking training has been shown to improve functional 
status as well as gait in frail and pre-frail older patients (1)  A systemic review of randomized clinical trails has also 
shown Nordik walking to be helpful in improving gait and balance in patients with Parkinson's disease.(2) There 
have been very few trails on the benefit of Nordik walking in patients with Parkinson plus syndrome, especially 
PSP. 
Methods: This is an open-labeled experimental pre-post study from October 2016 to December 2018. 150 PSP 
patients walked with Nordik stick (NPSP) for 60 minutes during each training session, 8 training sessions a week, 
for 12 weeks. The other 150 PSP patients just walked at equal frequency in the tread-mill (TPSP). 
Results: There was significant effect of intervention in gait speed in group NPSP (p = 0.001) and but not in group 
TPSP (p = 0.096). While there was no significant change in grip strength in Group NPSP (p = 0.488) and TPSP (p = 
0.852). Incidence of falls was lower in NPSP compared to TPSP (p= 0.001). Mood significantly improved in group 
NPSP (p = 0.025) but not in TPSP (p = 0.091). 
Conclusions: Nordik Walking provides a simple, pragmatic intervention with efficacy in the management of 
functionally vulnerable Parkinson plus patients, especially PSP,  and allows their maintained independence. Future 
studies should replicate this readily applicable intervention in a larger cohort with a longer follow-up period 
References: (1) Chattarjee P, Kumar P, Kandel R et al. Nordic walking training and nutritional supplementation in 
pre-frail older Indians: an open-labelled experimental pre-test and post-test pilot study to develop intervention 
model. BMC Geriatr. 2018 Sep 14;18(1):212. (2) Franciele Cascaes da Silva, Rodrigo da Rosa Iop, Beatriz Angélica 
Valdivia Arancibia et al. Effects of Nordic walking on Parkinson’s disease: a systematic review of randomized 
clinical trials. Fisioter. Pesqui. vol.23 no.4 São Paulo Oct./Dec. 2016. 
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2110 
A Large-Scale Survey of Rock Steady Boxing (RSB) Utilization in Parkinson’s Disease 
D. Larson, D. Bega, M. Rafferty (Chicago, IL, USA) 
Objective: To better understand the demographic profile of PD patients who attend RSB, to define motivators and 
barriers to participation, and to assess the perceived impact of RSB. 
Background: RSB is a non-contact boxing program (est. 2006) for individuals with PD. The 90-minute group 
classes led by specially-trained coaches focus on agility, balance, and speed training. There are 38,750 participants 
at 775 RSB sites worldwide. Anecdotally, many RSB participants report enjoying the social elements of the 
intervention as well as the perceived symptomatic benefits. 
Methods: A 20 minute, 61-question anonymous survey was administered via SurveyMonkey®. It was distributed to 
people with PD through e-mail and social media promotion by RSB Inc. and the Parkinson Foundation from 7/2018 
to 2/2019. Eligible participants were adults with PD who had to have at least heard of RSB. 
Results: A total of 2,007 individuals completed the survey, of which 86%(N=1,726) had participated in RSB and 
77%(N=1,542) were currently boxing. Respondents ranged in age from 35-87 years old, and 59.3% were male.  The 
majority were White (96%), married (85%), and retired (74%). 70% had completed secondary education, and 60% 
reported an income of $60-200,000 annually. Duration of PD diagnosis varied: 35% <3yrs, 26% 3-5yrs, and 23% 5-
10yrs. The majority (65%) received care from a Movement Disorder specialist, with 33% at an academic center and 
34% at an urban private practice. The most common reason reported for participating in RSB was the “PD-specific” 
nature (85%) and group structure (58%). Among the 14% who never participated, difficult access to RSB sites was 
the most common reason (34%), although the majority did not feel cost or distance was a major barrier. Participants 
attributed improvement in several PD-related symptoms to RSB, with the majority reporting improvement in: social 
life (65%), fatigue (59%), fear of falling (55%), depression (54%), and anxiety (53%). 99% of current and 94% of 
previous participants would recommend RSB to others with PD. 
Conclusions: To date, this is the largest analysis of RSB use in PD. The population is described, and future reports 
will describe the impact of RSB on quality of life and self-efficacy measures. 
References: “Fighting back against Parkinson’s,” https://www.rocksteadyboxing.org/ 
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2112 
Can Google Glass improve freezing of gait in parkinsonism? A pilot study 
A. Lee, N. Hellmers, M. Vo, P. Popa, C. Henchcliffe, H. Sarva, C. Campbell (New York, NY, USA) 
Objective: To determine feasibility of Google Glass (GG) technology to improve freezing of gait (FOG) in 
parkinsonism 
Background: FOG is a motor block often resistant to medical and surgical therapies, and causes significant 
morbidity, including falls. Physical therapy remains the best therapy for refractory FOG, but a convenient home-
based treatment would allow access for more patients. GG is a lightweight wearable device that provides auditory 
and visual cues for patients with FOG that improved gait in one study [1], thus suggesting potential benefit in 
patients with severe gait dysfunction. 
Methods: Patients with parkinsonism and FOG were trained to use GG programs “Walk with me” and “Unfreeze 
me.” We recorded ambulation time with and without GG under multiple conditions. FOG and patient experience 
questionnaires were administered. 
Results: Results of 9 subjects were analyzed (1 could not complete tasks due to severe anxiety). Mean age was 70.7 
years (range 54-82, SD 10.0), 5/9 female, 8/9 idiopathic Parkinson’s disease, 1/9 primary progressive freezing of 
gait, mean disease duration 7.4 years (SD 5.1). Reported FOG frequency was about 1x/week (n=2), once daily 
(n=4), always when walking (n=3). Using GG, average straight walk 25 feet improved by 0.32 seconds (SD 2.12), 
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average 180 degree turn after 25 feet walk worsened by 1.89 seconds (SD 10.66), average dual task of serial 7’s and 
25 feet straight walk improved by 1.79 seconds (SD 2.91), and average door passageway walk improved by 0.59 
seconds (SD 0.81). 5/9 felt comfortable using GG, but subjects reported difficulties with tap controls, volume, 
screen size, and possible distractions in public. Three reported improvement with GG, 5 no improvement (1 no 
survey response). 
Conclusions: Mobile smart glass technology like GG shows promise for FOG in parkinsonism and improves some 
walking tasks. Turning worsened, possibly due to inattention/distraction. Subjects reported a number of issues with 
the device. Limitations of the study include small sample size and variable causes and frequencies of 
freezing.  Strengths include multiple tasks attempting to mimic different walking conditions, patient feedback, and 
video recordings. More investigations are needed to understand how this tool can be improved and how augmented 
reality can enhance visual and auditory cues for people with gait difficulty. 
References: Zhao Y, Nonnekes J, Storcken EJ, et al. Feasibility of external rhythmic cueing with the Google Glass 
for improving gait in people with Parkinson's disease. J Neurol. 2016;263(6):1156-65. 

2113 
Can Google Glass improve freezing of gait in parkinsonism? A pilot study 
A. Lee, N. Hellmers, M. Vo, P. Popa, C. Campbell, C. Henchcliffe, H. Sarva (New York, NY, USA) 
Objective: To determine feasibility of Google Glass (GG) technology to improve freezing of gait (FOG) in 
parkinsonism. 
Background: FOG is a motor block often resistant to medical and surgical therapies, and causes significant 
morbidity, including falls. Physical therapy remains the best therapy for refractory FOG, but a convenient home-
based treatment would allow access for more patients. GG is a lightweight wearable device that provides auditory 
and visual cues for patients with FOG that improved gait in one study [1], thus suggesting potential benefit in 
patients with severe gait dysfunction. 
Methods: Patients with parkinsonism and FOG were trained to use GG programs “Walk with me” and “Unfreeze 
me.” We recorded ambulation time with and without GG under multiple conditions. FOG and patient experience 
questionnaires were administered. 
Results: Results of 9 subjects were analyzed (1 could not complete tasks due to severe anxiety). Mean age was 70.7 
years (range 54-82, SD 10.0), 5/9 female, 8/9 idiopathic Parkinson’s disease, 1/9 primary progressive freezing of 
gait, mean disease duration 7.4 years (SD 5.1). Reported FOG frequency was about 1x/week (n=2), once daily 
(n=4), always when walking (n=3). Using GG, average straight walk 25 feet improved by 0.32 seconds (SD 2.12), 
average 180 degree turn after 25 feet walk worsened by 1.89 seconds (SD 10.66), average dual task of serial 7’s and 
25 feet straight walk improved by 1.79 seconds (SD 2.91), and average door passageway walk improved by 0.59 
seconds (SD 0.81). 5/9 felt comfortable using GG, but subjects reported difficulties with tap controls, volume, 
screen size, and possible distractions in public. Three reported improvement with GG, 5 no improvement (1 no 
survey response). 
Conclusions: Mobile smart glass technology like GG shows promise for FOG in parkinsonism and improves some 
walking tasks. Turning worsened, possibly due to inattention/distraction. Subjects reported a number of issues with 
the device. Limitations of the study include small sample size and variable causes and frequencies of freezing. 
Strengths include multiple tasks attempting to mimic different walking conditions, patient feedback, and video 
recordings. More investigations are needed to understand how this tool can be improved and how augmented reality 
can enhance visual and auditory cues for people with gait difficulty. 
References: 1. Zhao Y, Nonnekes J, Storcken EJ, et al. Feasibility of external rhythmic cueing with the Google 
Glass for improving gait in people with Parkinson's disease. J Neurol. 2016;263(6):1156-65. 

2114 
Design of the PERSPECTIVE study: PERsonalized SPEeCh Therapy for actIVE conversation 
J. Maas, N. de Vries, B. Bloem, J. Kalf (Nijmegen, Netherlands) 
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Objective: To study the effectiveness of personalized speech therapy delivered by telerehabilitation, aiming to 
improve hypokinetic dysarthria in patients with Parkinson’s disease (PD), regardless of disease stage or living area. 
Background: Speech problems in PD have a profound negative impact on social interaction and quality of life. 
Current speech treatment is overall highly intensive and therefore not suitable for patients in all disease stages. 
Evidence for these highly intensive programs is growing, but still limited because of small sample sizes or short 
term follow-up. To address these challenges, we aimed to perform a large-scale study to demonstrate the efficacy of 
speech therapy in PD on quality of life and speech. To improve compliance of both patients and caregivers, several 
aspect seem relevant to be taken into account: home-based treatment will make speech therapy more available for 
patients in all disease stages, the treatment approach should be personalized and real-time feedback may augment 
exercising and applying better speech. 
Methods: We will perform a single blind, randomized controlled trial, comparing 8 weeks of speech therapy 
through telerehabilitation to no intervention using a waiting list design. 215 participants with idiopathic PD in all 
disease stages with problems in intelligibility are recruited by 14 participating highly specialized speech therapists. 
All treatments will be personalized, supported by an app that provides real-time feedback during speech and 
delivered at home via telerehabilitation. All patients will be measured at baseline and after 8 weeks. The 
experimental group will receive a follow-up measurement after a wash-out period of 24 weeks. The control group 
will receive deferred treatment after 8 weeks, but no additional follow-up assessments. The primary outcome is 
quality of life. Secondary outcomes are speech and voice quality, intelligibility, severity of voice and speech 
complaints, and caregiver burden. 
Results: The PERSPECTIVE study has fully started from September 1st 2018 with the inclusion of participants 
from March 1st 2019 and the study will be finished by August 2021. 
Conclusions: This study will be the first to investigate the efficacy of speech therapy in PD in all disease stages on a 
large scale. 

2115 
Developing an innovative telephone support line for people with Parkinson’s Disease 
F. Mancini, T. Carta, S. Thomas, F. Bona, E. Buijs, P. Nee, B. Bloem (Milan, Italy) 
Objective: To develop a novel care approach using a nurse led telephone helpline specialized and dedicated to 
persons with Parkinson’s Disease (PD). 
Background: PD is characterized by a wide variety of motor and non-motor symptoms, often poorly recognized and 
treated, which cause significant burden on the quality of life (QoL) in patients and their caregivers. Despite the fact 
that direct and indirect health costs across Europe related to PD are high and increasing, many PD patients still 
experience a gap in the accessibility to specialized health services. 
Methods: A team of Movement Disorder Specialists (MDS), neurologists and nurses, from Italy, UK and the 
Netherlands met to discuss and evaluate current unmet needs in PD care. They identified a telephone support line as 
the most suitable model in terms of cost/benefit to improve the quality of life of patients. The service is delivered by 
Parkinson Disease Nurse Specialists (PDNS) who will receive specific Parkinson’s training in expert centres. A pilot 
group of 10 persons with PD affiliated with a Parkinson Center in Milan was enrolled to test the model. 
Results: The novel nursing telecare model developed a customized application to guide and capture data from each 
interaction with the PDNS. The PDNS utilises a decision tree integrated into a digital platform structured on an 
evidence-based approach and clinical expertise. Decision trees topics were selected covering the most frequent 
problems reported by PD patients.After informed consent has been acquired, the PDNS completes a registration 
document containing the demographic, social, family and clinical information. Patients are free to call the support 
line to ask advice on a range of topics including Constipation, Sleep disorders, etc. 
Conclusions: We introduce an innovative model of telenursing specifically dedicated to PD persons and caregivers 
that can be integrated into current health care systems. The objective of improving patients’ quality of life and 
preventing complications and inappropriate health care interventions can potentiallyreduce healthcare costs. Further 
studies are needed to demonstrate the efficacy of the model on clinical and financial outcomes. 
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References: Bloem BR, Stocchi F. Move for Change Part III: a European survey evaluating the impact of the EPDA 
Charter for People with Parkinson’s Disease. European Journal of Neurology 2015, 22: 133–141 

2116 
eCARE-PD, a digital health platform for patient empowerment and online health tracking: experiences with 
co-design 
T. Mestre, S. Grosjean, L. Bonneville, D. Grimes, E. Bate, M. Lê (Ottawa, ON, Canada) 
Objective: To design a self-management technology (eCARE-PD platform) that enables people with PD (PwPs) to 
manage collaboratively with care partners and health care providers (HCPs) their own health and care. 
Background: Living with PD is a challenge to patient’s lives. PwPs often experience fragmented care in the 
healthcare system. We have started to develop a novel pragmatic patient-centred care model for PD, the Integrated 
Parkinson Care Network, supporting 1) Integrated Care, 2) Self-management Support and 3) Digital Health 
Technology. Electronic Health (eHealth) applications are being explored in chronic conditions to share health-
related information, promote interactive health tracking, and support self-management. 
Methods: We conducted participatory design workshops (two with PwP/care partners, n=7-9 each; one with Health 
care professionals/HCPs, n=5) to inform the development of the first functional prototype of eCARE-PD by 1) 
specifying the context of use of eCARE-PD in the PwPs’ life using a “Trajectory Framework”, 2) Defining the 
requirements and design implications in a socio-technical perspective, and 3) Determining the effective components 
of eCARE-PD for self-management. Data collected underwent Qualitative Content Analysis followed by 
“Trajectory Mapping” or Interaction Analysis. 
Results: Trajectory mapping: Living with PD is met with a variable combination of uncertainty, life disruption, and 
emotional impact in the patient/family. Reliable information or strong support network can influence self-
management practices. Conceptual Role of eCARE-PD: support the management of symptoms, enhance the quality 
of life and social support. Specific roles of eCARE-PD: 1) to create a sense of closeness with HCPs, 2) Build the 
structure of resources to support self-management over time. Specific recommendations to enhance the user 
experience: intuitive design, inter-connectivity with other devices, customizable care plan that includes care 
priorities and coaching activities with self-tracking and feedback. 
Conclusions: PwPs and care partners welcome the use of eCARE-PD to enhance knowledge about living with PD 
and optimize communication with the healthcare team. eCARE-PD should address the clinical domains of the 
disease and its social impact. The use of co-design with end-user input in eCARE-PD is expected to inform the 
development of a first functional prototype with optimal usability. 

2117 
Effect of neurofeedback facilitation of the gait and balance imagery-related SMA activation on gait function 
in Parkinson’s Disease  
M. Mihiara, H. Otomune, Y. Kajiyama, H. Fujimoto, N. Hattori, I. Miyai, K. Hanayama, Y. Sunada, H. Mochizuki 
(Kurashiki, Japan) 
Objective: To investigate the efficacy of the supplementary motor area (SMA) facilitation using functional near 
infrared spectroscopy mediated neurofeedback system (fNIRS-NFB) on gait impairment in PD. 
Background: Gait and balance impairment in PD has detrimental effect on their activities of daily living and quality 
of life. There is ample evidence suggesting contribution of the cortical and cortico-subcortical network including the 
SMA to axial symptom in PD, and it is hypothesized that the neuromodulative facilitation of the SMA would 
alleviate gait and balance impairment in PD 
Methods: Clinically established PD (N = 19, 8 males, age: 75.6 ± 5.6 y.o., duration: 6.7 ± 4.6 years) with written 
informed consent have participated in this pilot randomized controlled trial (RCT:UMIN000010723). Subjects are 
allocated to REAL and SHAM groups with double blinded manner. In addition to the usual inpatient rehabilitation, 
patients participated 6 sessions of neurofeedback training with gait and balance related motor imagery. As a 
feedback, their own SMA activity information was provided in REAL group but irrelevant signals were provided in 
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SHAM group. Clinical measures including motor symptom, Hoehn-Yahr stage, and cognitive status are assessed as 
baseline characteristics. Gait and balance measures including Timed Up-and-go test (TUG), Berg Balance Scale 
(BBS), and Gait speed are also assessed before, immediately after, and 2 weeks after the end of intervention. 
Results: Baseline clinical characteristics were comparable between two groups. After controlling the possible 
confound factors, there was significant interaction between group and TUG time (time×group interaction 
:F2,24=3.42, p<0.05), and group and gait speed (time×group interaction :F2,24=5.802, p<0.01). Although TUG time 
and gait speed improved significantly at the end of intervention in the REAL group (t9=-3.05, p<0.05, and t9=3.42, 
p<0.01, respectively), these effect did not sustain at the two weeks after the end of intervention (t9=0.63, p=0.55, 
and t9=1.8, p=0.10, respectively).There was no adverse effect associated with fNIRS-NFB in both groups. 
Conclusions: Our pilot RCT revealed the safety and potentially beneficial effect of fNIRS-NFB on gait disturbance 
in PD, but its clinical efficacy did not last long. 

2118 
Compression Therapy: A Treatment of Rubral Tremor 
D. Nacopoulos (Erie, PA, USA) 
Objective: To present a case of a post-stroke rubral tremor which benefited from compression therapy to the 
affected arm, improving medication-refractory tremor. 
Background: Rubral and ataxic tremor remains a difficult condition to treat with medications often unsuccessfully 
controlling symptoms.  Compressive therapies have been reported with some success in treating multiple sclerosis 
related tremors [3], and we evaluate one case of response in stroke-induced rubral tremor. 
Methods: A 67 year old right handed lady presented with an acute right superior cerebellar ischemic stroke, with 
ipsilateral ataxia. 4 months later, she developed right arm tremor with posture, action and rest, which was disruptive 
in her rehabilitation and daily living. She also noted a milder tremor in the right leg as well in times of rest and 
action. She was diagnosed with rubral tremor and medications were tried including clonazepam, but were limited by 
sedation. She developed mild spasticity in the right arm, and received botulinum toxin injections 6 months after her 
stroke to the proximal right upper extremity with very mild benefit without side effect, but her tremor remained 
disruptive to her activities of daily living. 
Results: Placing an elastic bandage wrap around the patient's affected arm was noted to improve tremor at rest, as 
well as with activity. Tremor was also slightly improved on intention of finger-to-nose testing, but was still present 
to moderate degree. The patient was videotaped before and after placing compression sleeve, highlighting the 
benefit using this device [video 1,2]. 
Conclusions: This case demonstrates a successful treatment of a medically-refractory rubral tremor post-stroke. The 
mechanism in this particular instance highlights the suspected pathophysiology of cerebellar or ataxic tremors. Some 
evidence describes that cerebellar tremor is modulated through muscle stretch reflex oscillations as a result of 
dysfunction of feed-forward loops within the central nervous system [1]. Through proprioception feedback with a 
mild compression device, there may be stability of the affected limb which results in improvement of tremor. 
Previous studies have demonstrated benefit using compressive sleeves in hemiplegic strokes and tremor in multiple 
sclerosis [2,3]. Further studies are needed to see if this may benefit patients in the setting of post-stroke rubral 
tremor. 
References: 1. Deuschl, G., Raethjen, J., Lindemann, M., & Krack, P. (2001). The pathophysiology of tremor. 
Muscle & nerve, 24(6), 716-735. 2. Gracies, J. M., Marosszeky, J. E., Renton, R., Sandanam, J., Gandevia, S. C., & 
Burke, D. (2000). Short-term effects of dynamic lycra splints on upper limb in hemiplegic patients. Archives of 
Physical Medicine and Rehabilitation, 81(12), 1547-1555. 3. Miller, L., Wijck, F. van, Lamont, L., Preston, J., & 
Hair, M. (2016). Sensory dynamic orthoses in mild to moderate upper limb tremor in multiple sclerosis: a mixed 
methods feasibility study. Clinical Rehabilitation, 30(11), 1060–1073. Video references will be shown on a tablet 
with example of patient before and after intervention. Per discussion with MDS, video posters are not available for 
presentation. 
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2119 
Effects of dance and walking program on spatiotemporal gait parameters in Parkinson’s disease 
A. Nogueira Haas, M. Santos Delabary, R. Gimenes Donida, M. Wolffenbuttel, E. Passos Monteiro, L. Peyré-
Tartaruga (Porto Alegre, Brazil) 
Objective: Verify and compare the effects of a dance and walking program on spatiotemporal gait parameters in 
Parkinson’s disease (PD). 
Background: PD causes motor impairment, such as muscle stiffness, rest tremor, slow movements, postural 
instability, and gait and balance alterations; and non-motor factors, such as cognitive and neuropsychiatric disorders. 
Dance can be an important tool for complementary treatment of PD, when added to traditional drug therapies and 
physiotherapies. 
Methods: 18 participants with PD, divided non-randomized in two groups: dance group (DG; n = 12) and walking 
group (WG; n = 6). The instruments were patients personal data sheet, Hoehn and Yahr Scale (HY) and a kinematic 
gait analysis with software BTS Smart Clinic DX 7000 to evaluate spatiotemporal variables such as: step frequency 
(SF), step length (SL), stance time (StT), swing time (SwT), double support phase (DSP). The normality of 
descriptive data at the initial time of the research was verified through Shapiro-Wilk Test, using Wilcoxon Test for 
non-parametric data and paired t-test for parametric data. Generalized Estimating Equations (GEE) analysis was 
used to compare the DG and WG, pre and post intervention moments and time group interaction. A Bonferroni post-
hoc was used to identify the differences between means in all variables. Statistical Package for Social Sciences 
(SPSS) software version 20.0 was used to analyse the data. The significance level adopted for both tests was α 
<0.05. 
Results: The two groups showed significant improvements after the intervention in relation to StT (Left leg CV, p = 
0.0028); right leg FV, p = 0.009; left leg, FV p = 0.025), and SwT (left leg CV, p = 0,0028), at DSF (rigth leg FV, p 
< 0,001). The DG presented better results in comparison to the WG for the outcomes of SF (p = 0.011). 
Conclusions: Both groups showed significant improvements after the intervention period, demonstrating that dance 
is as efficient than walking for spatiotemporal gait parameters in individuals with PD. 
References: Monteiro, EP, et al. (2017). Aspectos biomecânicos da locomoção de pessoas com doença de 
Parkinson: revisão narrativa. Rev Bras Ciênc Esp, 39(4): 450-7. Hackney, M, & Earhart, G. (2010). Effects of dance 
on gait and balance in Parkinson’s disease: a comparison of partnered and nonpartnered dance movement. 
Neurorehabilit Neural Repair, 24(4): 384-92. 

2120 
Effect of Subthalamic Deep Brain Stimulation (DBS) on Impulsive Control Disorders (ICD) and Dopamine 
Dysregulation Syndrome (DDS) - A Randomized Controlled Trial Evaluating Deep Brain Stimulation Using a 
New Multiple Source, Constant-Current Rechargeable System for Management of Symptoms of Parkinson’s 
Disease (INTREPID) 
M. Okun, R. Jain, L. Chen, I. Study Group, A. Tröster (Gainesville, FL, USA) 
Objective: To evaluate impulse control in participating subjects of the INTREPID randomized controlled trial 
(RCT). 
Background: Parkinson’s disease (PD) patients undergoing treatment with either medications or deep brain 
stimulation (DBS) can manifest complications associated with dopamine dysregulation syndrome (DDS) and 
impulse control disorders (ICDs) such as mania, compulsive gambling, buying, hypersexuality, binge eating, etc. 
Conflicting results have been reported in the literature regarding the effects of DBS on ICD/DDS symptoms. The 
INTREPID RCT sought to evaluate the improvement in motor function and quality of life in patients with advanced, 
levodopa responsive PD who underwent bilateral subthalamic nucleus (STN) DBS. 
Methods: INTREPID (ClinicalTrials.gov Identifier: NCT01839396) is a multi-center, prospective, double-
blinded,randomized controlled trial (RCT) sponsored by Boston Scientific. Subjects with advanced PD were 
implanted bilaterally in the STN with a multiple-source, constant-current DBS System (Vercise, Boston 
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Scientific).Subjects were evaluated by a neuropsychologist pre- and post-implantation (in the stim on/meds on 
condition).Questionnaires to evaluate DDS (Giovanni et al.) and ICD (QUIP-RS) were collected and analyzed. 
Results: Data collection and analysis is ongoing. Results will be presented. 
Conclusions: Developments in device technology provide an opportunity to re-explore long-standing challenges 
associated with managing symptoms of PD in patients using DBS, including the clinical manifestation of behavioral 
and neuropsychiatric issues. The INTREPID RCT was in part designed to clarify the impact of DBS on ICD and 
DDS symptoms. 

2121 
The efficiency of group cognitive rehabilitation to patients with Parkinson's disease in comparison to 
relaxation therapy: pilot data 
V. Plzáková, D. Enström, T. Nikolai (Prague, Czech Republic) 
Objective: The aim of this study was to compare the efficiency of group cognitive rehabilitation to patients with 
Parkinson´s disease (PD) in comparison to group relaxation therapy.The aim of this study was to compare the 
efficiency of group cognitive rehabilitation to patients with Parkinson´s disease (PD) in comparison to group 
relaxation therapy. 
Background: Cognitive rehabilitation (CR) is one of the non-pharmacological approaches to alleviate or 
compensate for cognitive deficits. The goal of CR is to delay the onset of cognitive changes. Due to the relevance of 
cognitive deficits in PD, which can be characterized by disruption of executive functions, attention and working 
memory, therapeutic strategies are needed to treat cognitive decline. 
Methods: The prospective, single-blind, randomized clinical trial was conducted in patients with PD (n = 16). 
Participants underwent a neuropsychological examination to distinguish the presence of mild cognitive impairment 
or dementia in PD. Participants with PD were randomly allocated into cognitive rehabilitation group (CRG) and 
relaxation therapy group (RG). Participants in CRG (n=8) practiced cognitive functions in the context of daily living 
activities. CRG was focused on the restoration, compensation, and optimization strategies training. The participants 
of the CRG also performed exercises at home. Participants in RG (n=8) underwent music therapy and art therapy. 
Both types of interventions were carried out in groups, once a week for 60 minutes for 12 weeks. 
Results: The statistical analysis using the Wilcoxon Signed Ranks Test showed a significant improvements in CRG 
demonstrated in verbal learning (p= .012), retention (p = .044), delayed recall (p = .020), memory capacity for 
verbal material (p = .012). In RG were significant improvement demonstrated in verbal learning (p= .012), delayed 
recall (p = .040), memory capacity for verbal material (p = .012) and total recall in nonverbal memory (p= .012). 
Conclusions: The pilot data show the non-specific effect of the CR to the memory performance in the short-term 
perspective of patients with PD. Other types of interventions could be also effective in the cognitive functions of 
patients with PD. 
References: DÍEZ-CIRARDA, María, Naroa IBARRETXE-BILBAO, Javier PEÑA a Natalia OJEDA. 
Neurorehabilitation in Parkinson’s Disease: A Critical Review of Cognitive Rehabilitation Effects on Cognition and 
Brain. Neural Plasticity. 2018, 2018, 1-12. DOI: 10.1155/2018/2651918. ISSN 2090-5904. Dostupné také z: 
https://www.hindawi.com/journals/np/2018/2651918/ ADAMSKI, Natalia, Matthias ADLER, Klaus OPWIS a Iris-
Katharina PENNER. A pilot study on the benefit of cognitive rehabilitation in Parkinson’s disease. Therapeutic 
Advances in Neurological Disorders. 2016, 9(3), 153-164. DOI: 10.1177/1756285616628765. ISSN 1756-2856. 
Dostupné také z: http://journals.sagepub.com/doi/10.1177/1756285616628765 HINDLE, John V., Tamlyn J. 
WATERMEYER, Julie ROBERTS, Andrew BRAND, Zoe HOARE, Anthony MARTYR a Linda CLARE. Goal-
orientated cognitive rehabilitation for dementias associated with Parkinson's disease―A pilot randomised controlled 
trial. International Journal of Geriatric Psychiatry. 2018, 33(5), 718-728. DOI: 10.1002/gps.4845. ISSN 08856230. 
Dostupné také z: http://doi.wiley.com/10.1002/gps.4845 
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2122 
Smartphone Applications Are Promising Modalities for Monitoring Parkinson’s Disease (PD) Symptoms 
M. Qazi, H. Ellsworth, J. Chou, F. Wang, N. Hellmers, C. Henchcliffe, H. Sarva (NY, NY, USA) 
Objective: To review use of smartphone applications to monitor and manage PD. 
Background: Smartphone applications successfully monitor and manage chronic diseases. For patients with PD, 
apps provide a potentially effective means of monitoring symptoms longitudinally and in diverse contexts, as 
opposed to using “snapshot” clinic visits to assess disease progression and medication efficacy.  
Methods: We performed a database search of English language papers in “ResearchKit” and PubMed using the 
phrases “Parkinson’s disease,” “smartphone,” and “mobile app.” Wearable devices were excluded. We selected 
randomized controlled trials and observational studies for analysis. Similar criteria was used to explore use of apps 
in monitoring migraine, asthma, and congestive heart failure (CHF), with the intent of gaining more insight into the 
pros and cons of using apps for PD. 
Results: Eleven papers met our inclusion criteria for PD: four observational; six case-controlled; and one 
randomized controlled study. 1554 subjects were evaluated in these studies. Several apps (“HopkinsPD” “Bradyapp” 
“SmartMove”) measured tremor, bradykinesia, and gait effectively with embedded sensors. The sensors detected 
speed of finger tapping and step speed, autonomously collecting information without subjective reporting on gait or 
motor aspects of daily living. Only three apps provided medication reminders, improving compliance. Whereas only 
four of the described apps are tracking symptom progression in PD, all eight apps used for CHF, asthma and 
migraine under our inclusion criteria tracked both symptoms and disease progression. Limitations of PD apps 
include the need for translation of complex sensor data and selection bias, as studies only include subjects with 
smartphones. 
Conclusions: Smartphone applications provide an exciting opportunity to monitor PD symptoms continuously to 
improve care. However, the variability of apps and need to translate complicated sensor data are hindrances to 
immediate use in clinical care, unlike in other chronic conditions such as CHF, which use real-time data readily. 
Further study is required to determine the best measures of PD progression and utilize suitable applications to 
monitor them. 
References: Zhan A, Mohan S, Tarolli C, Schneider RB, Adams JL, et al. Using smartphones and machine learning 
to quantify Parkinson’s disease severity: The mobile Parkinson’s disease score. JAMA Neurol. 2018; 75: 876-880 
Beatty AL, Magnusson SL, Fortney JC, Sayre GG, Whooley MA. VA FitHeart, a mobile app for cardiac 
rehabilitation: Usability study. JMIR Hum Factors. 2018; 5: e3 

2123 
Randomized controlled trial of 1Hz SMA rTMS + gait training for Freezing of Gait 
G. Revuelta, D. Lench, C. Hanlon, A. Hydar, W. Devries, S. Kautz (Charleston, SC, USA) 
Objective: To determine the effects of 1Hz supplementary motor area (SMA) repetitive transcranial magnetic 
stimulation (rTMS) and gait training on freezing of gait (FOG). 
Background: There is growing evidence of increased functional connectivity between mesencephalic locomotor 
region (MLR) and the SMA in FOG.  Reduction of top-down control of locomotion may be an effective treatment 
strategy for FOG. 
Methods: 15 patients with Parkinson’s Disease (PD) and FOG were randomized (2:1) to receive 10 daily sessions of 
real (1 Hz, 110% RMT, 3000 pulses; n=10) or sham rTMS delivered to the SMA.  Both groups received gait 
training aiming to increase gait automaticity.  Objective spatiotemporal parameters, UPDRS, nFOGQ were obtained 
in the OFF and ON state, with and without a dual task, before and after intervention.  nFOGQ was obtained at 1, 2 
and 3 months post intervention. 
Results: Active group was aged 66.5 (8.3), 6 males, disease duration 10 (9.7).  Sham group was aged 69.8 (8.2), 4 
male, disease duration 5 (8.2).  There was a significant interaction by treatment group and time, demonstrating a 
decrease in nFOGQ score pre and post intervention in the active (nFOGQ score 21 to 7 p=0.0058) not in the sham 
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(19 to 18).  There were non-significant reductions in all spatiotemporal parameters, in both groups, although greater 
in the active group for each parameter. 
Conclusions: Inhibition of SMA via 1Hz rTMS appears to improve FOG as quantified by the nFOGQ. Larger 
studies of this intervention are necessary to determine efficacy. 

2124 
EEG guided neurofeedback boosts effects of motor cortex neuromodulation of rTMS in Parkinson´s Disease 
Patients 
J. Romero, A. Arroyo, J. Andreo, M. del Castillo, J. Serrano, E. Rocon, N. Malpica, E. Melero, E. Sanz, M. Gil, E. 
Rodriguez (Madrid, Spain) 
Objective: To compare the clinical and neurophysiological effects of EEG guided Neurofeedback (NFB) vs 10Hz 
rTMS vs combined therapy (NFB+rTMS) in motor cortex of non-demented HY I-III PD patients 
Background: rTMS has been shown in several studies to produce significant reduction in PD motor scores and 
increase of cortical silent period (CSP) when administered at high frequencies in M1[1,2,3], but its effects have not 
been long lasting. To our knowledge there are not studies comparing its effects with NFB nor testing a combined 
protocol of both techniques 
Methods: 30 non demented PD  divided in 3  groups (no differences in sex (χ2(2)=0.2; p=0.89), age (F(2,31)= 0.07; 
p=0.932) or education (F(2,31)= 0,73; p=0.491),). UPDRS III 15,94±7,03 (SD), 598±315mg LED/day. rTMS group 
received 8 daily bilateral sessions 2000 pulses 10Hz 80%RMT. 5 min interval between hemispheres. NFB group 
received 8 30 minute sessions of visual feedback using 3D virtual reality oculus® googles (goal: increase in average 
alpha and beta frequency in 6 central EEG derivations). Combined therapy group received 8 sessions of rTMS 
followed by NFB protocol the same day. UPDRSIII and CSP were measured pre- intervention (A), after the 
completion of the protocol(B) and 15 days after completing the protocol (C). 
Results: There was a reduction of UPDRS III scores in the combined group (F (2.18) = 15.38, p <0.001) between 
measurement A and B (μA-μB = -4.90, p = 0.001 ), which was maintained in C (μA-μC = -4.40, p = 0.014). In the 
rTMS group there was a reduction of the UPDRS III scores (F (2.20) = 2.44, p = 0.112) between measurement A 
and C (μA-μC = -4.63, p = 0.038). The NFB group did not register any improvement. CSP increased in both 
hemispheres significantly only in the combined group between A and B. Right hemisphere (F (2,18) = 2,393; p = 
0.079); (μA-μB = -0,039; p = 0.023 ). Left hemisphere (F (2.18) = 5.53, p = 0.013) (μA-μB = -0, 039, p = 0.034). 
Conclusions: Motor and neurophysiological effects of NFB alone are not comparable to rTMS, but it seems that 
priming the NFB training with rTMS M1 pre activation results in long lasting significant motor improvement in PD 
patients. This protocol shows promising effects of combining rTMS with a non-invasive and highly accessible 
technique that can prolong its effects having a real impact in treatment of motor symptoms of the disease. 
References: 1 Lefaucheur, et al. (2004). “Improvement of motor performance and modulation of cortical 
excitability by repetitive transcranial magnetic stimulation of the motor cortex in Parkinson’s disease”. Clinical 
Neurophysiology, 115(11), 2530-2541. 2 Maruo, et al. (2013). “High-Frequency Repetitive Transcranial Magnetic 
Stimulation over the Primary Foot Motor Area in Parkinson’s Disease”. Brain Stimulation, 6(6), 884-891. 3 Aftanas, 
et al (2018). “Therapeutic Effects of Repetitive Transcranial Magnetic Stimulation (rTMS) on Neuroinflammation 
and Neuroplasticity in Patients with Parkinson’s Disease: a Placebo-Controlled Study”. Bulletin of Experi 

2125 
Virtual Reality EEG guided motor neurofeedback training has mid-term effects in Parkinson's Disease 
Patients limits of stability 
J.P. Romero, A. Arroyo, J. Andreo, M. del Castillo, J. Serrano, E. Rocon, N. Malpica, E. Melero, M. Gil, E. Sanz, P. 
Serrano, E. Rodriguez (Madrid, Spain) 
Objective: To prove the effects of a virtual reality (VR) EEG guided motor Neurofeedback (NFB) training protocol 
on stability and gait of non-demented HY I-III PD patients without previous history of falls. 
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Background: Up to 60% of PD patients fall. Postural Instability (PI) initiates in prodromal stages [1] and increases 
with the reduction on the Limits of Stability (LOS) area. NFB training has been previously reported to improve 
balance in unstable PD patients [2] and reduce the number of falls [3]. No studies have tested the effect of visual 
NFB using VR in the early stages of PD. 
Methods: 20 non demented PD were recruited and divided in 2 groups (11 patients in experimental group and 9 in 
control group), no differences sex (χ2(1)=0.2; p=0.88), age (t(18)= 1.17; p=0.258) or education years (t(17)= 1.09; 
p=0.289).  UPDRS III of 15,60±8,46 (SD), 705,08±461,68mg LED/day. The intervention was 8  sessions of 30-
minute visual feedback using 3D VR oculus® googles (goal: reduction in the average of bilateral alpha and beta 
bands in 6 central EEG derivations.) Frequency reduction threshold was increased daily.  Control group did not 
receive any intervention. UPDRSIII, Up and Go (UG) test and Biodex® static limits of stability (LOS) and risk of 
falls (ROF) evaluation were performed 3 times in both groups: pre-intervention (A), after the completion of the 
protocol(B) and 15 days after completing the protocol (C). 
Results: In experimental group there was a reduction in the UG time  (F (1,13) = 5.25, p = 0.031) between 
measurement A and B (μA-μB = -1.03 sc, p = 0.005), but It did not stay on C. Reduction in ROF  (F (2.20) = 4.55, p 
= 0.023),  between measurement A and B (μA-μB = - 0.191, p = 0.028). LOS scores improved in the experimental 
group (F (2.18) = 8.51, p = 0.003) between A and B (μA-μB = 6.65, p = 0.029) but also persisted in C (μA-μC = 
7.45, p = 0.028). There was not any significant difference in the control group. 
Conclusions: LOS improvement is independent of motor symptoms. Long-lasting effects may reflect stable changes 
in local brain activity by the use of VR. Improvement in UG time and ROF may produce an improvement in the 
quality of life but may need longer protocols. There is a need for a bigger and placebo-controlled study of VR NFB 
in PD stability control including different stages of the disease. 
References: 1 Maetzler, et al (2012). “Impaired Trunk Stability in Individuals at High Risk for Parkinson’s 
Disease”. PLOS ONE, 7(3 2 Azarpaikan, A., Torbati, H. T., & Sohrabi, M. (2014). “Neurofeedback and physical 
balance in Parkinson’s patients”. Gait & Posture, 40(1), 177-181. 3 Rossi-Izquierdo, et al. (2013). “Vibrotactile 
neurofeedback balance training in patients with Parkinson’s disease: reducing the number of falls 

2126 
Effects of exergaming on attentional deficits and dual-tasking in Parkinson’s disease 
E. Schaeffer, J. Busch, B. Roeben, S. Otterbein, P. Saraykin, E. Leks, I. Liepelt-Scarfone, M. Synofzik, M. Elshehabi, 
W. Maetzler, C. Hansen, S. Andris, D. Berg (Kiel, Germany) 
Objective: To evaluate the effects of exergaming in a controlled six week intervention trial to improve attention-
based deficits and dual-tasking in PD when compared to healthy controls. 
Background: Impairment of dual-tasking, as an attention-based primary cognitive dysfunction, is frequently 
observed in Parkinson’s disease (PD). Impaired dual-tasking can have a considerable influence on daily activities of 
PD patients and has been associated with an increased risk of falls. 
Methods: Nineteen PD patients and nineteen matched healthy controls received a six-week training period of 
exergaming. Treatment effects were monitored using quantitative motor assessment of gait and cognitive testing at 
baseline and after six weeks of training. 
Results: At baseline PD patients showed a significantly worse performance in several quantitative motor assessment 
parameters and in two items of cognitive testing. After six weeks of exergames training, PD patients showed a 
significant control-group-corrected improvement of gait parameters under cognitive dual-tasking conditions, 
corresponding to a significant improvement in attentional cognitive tasks. 
Conclusions: Exergaming, as an easy to apply, safe technique, can improve disease-specific deficits in dual-tasking 
and attention in PD. Considering the very limited effect of pharmacological treatment and the high correlation with 
an increased risk of falls, the possibility to improve attentional deficits through exercise is of high clinical relevance 
for PD patients. Exergaming, combining feedback mechanisms, motivation and simultaneous motor-cognitive 
activation, might be particularly well-suited to address attentional deficits. 
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2127 
Art du Deplacement (ADD)/Parkour therapy for people with Parkinson’s disease (PDP) 
M. Schwed, T. Getrost, K. Torchia, G. Yao (Pfungstadt, Germany) 
Objective: The purpose of this study was to transfer ADD training methods into safe training paradigms for PDP, 
and psychologically framed coping strategies for mood management through integrating the ADD therapy via the 
Esprit Concrete Method and the Neuroprotective Exercise Protocol (NEP) through the Neurowerkstatt Method [1]. 
Background: A growing number of PD exercise studies show, that exercise is beneficial for mobility, strength and 
cardio-respiratory function [2,3]. Environmental enrichment and intensive physical activity are related to 
neuroprotective and neurorestorative effects in the PD nervous system [4]. Physical exercise rehabilitation programs 
showed significant positive effects on quality of life in PDP at mild to moderate stages [5]. ADD includes numerous 
physical tasks of motor learning, that are combined strength and endurance tasks. It improves physical fitness and 
mental wellbeing [6,7]. ADD can be considered as a safe activity when practiced under expert supervision, 
combined with emotional wellbeing informed interventions [8]. 
Methods: The questionnaires PDQ39,  GAD7, PHP9, SWEMBWBS were used pre and post intervention (3 month). 
4 PDP (3m/1f, age: 53-77 y) H&YI-III were included.  Additionally qualitative guided interviews were used. Results 
were described elsewhere [9].4 (45min) training session program combined physical and psychological wellbeing 
areas of focus through a one day intensive workshop. 
Results: GAD-7, PHP-9, SWEMBWBS showed overall mild improvement. PDQ-39 changes were measured in all 
subjects (see Fig.1). 
Conclusions: Our study support current laboratory findings in a practical application setting. PDP Questionnaires 
additional gain by linking exercise with an emotional-psychological approach and focus. Although subjects reported 
workshop-limitations [9], these seem manageable in future settings. ADD therapy under expert supervision in a 
small group seems to be safe and feasible.The methodological quality of this study was low. Sample was small as 
preliminary.This pilot study preliminarily suggests, that ADD therapy is an exercise possibility for people with mild 
PD. It has potential to physically improve symptoms and it might optimize disease progression. It also has potential 
to psychologically improve mental wellbeing. Further research is needed. 
References: [1] Schwed & Getrost (2019): Neuroprotective Exercise Protocol (NEP) improves Parkinson’s disease 
(PD) mobility: transferring evidence into practice. In: Sperlich, B., et al. Ger J Exerc Sport Res 49(Suppl 1): 17. [2] 
Corcos et al. (2013): A Two Year Randomized Controlled Trial of Progressive Resistance Exercise for Parkinson’s 
Disease, Mov Dis. 28(9):1230-40 [3] Schenkmann et al. (2017) Effect of High-Intensity Treadmill Exercise on 
Motor Symptoms in Patients With De Novo Parkinson Disease: A Phase 2 Randomized Clinical Trial. JAMAneur 
[4] Petzinger et al. (2013): Exercise-enhanced neuroplasticity targeting motor and cognitive circuitry in Parkinson's 
disease. Lancet Neurol. 2013 Jul;12(7):716-26 [5] da Silva et al. (2016): Effects of Physical-Exercise-Based 
Rehabilitation Programs on the Quality of Life of Patients With Parkinson's Disease: A Systematic Review of 
Randomized Controlled Trials. J Aging Phys Act.Jul;24 (3):484-96 [6] Dvorak et al. (2017): Effects of Parkour 
Training on Health-Related Physical Fitness in Male Adolescents. Open Sci. Sports J.,10, 132–140. [7] Río (2016): 
Feasibility and students’ preliminary views on parkour in a group of primary school children. Phys Educ Sport 
Pedagogy; 21(3): 281-94. [8] Gilchrist (2011): Lifestyle sport, public policy and youth engagement: Examining the 
emergence of parkour. Int. J. Sport Policy Politics, 6, 109–131. [9] Schwed et al. (2019): Art du Deplacement 
(ADD)/Parkour therapy for people with Parkinson’s disease? Applying an extreme sport into rehabilitation training 
to increase physical and mental wellbeing. In: Sperlich, B., et al. Ger J Exerc Sport Res 49(Suppl 1): 16. 
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2128 
Kick Out PD: Mobility, Quality of Life, and Feasibility Outcomes in a Pilot Study of a PD-Specific Karate 
Intervention 
B. Sennott, C. Niemet, M. Lee, C. Whitelock, M. Sanghvi, Y. Liu, J. Chodosh, D. Hall, C. Comella, J. Fleisher 
(Chicago, IL, USA) 
Objective: To evaluate feasibility of a community-based karate class tailored for individuals with early- to middle-
stage Parkinson’s Disease (PD); to assess effect of karate on objective and patient-reported outcomes 
Background: Different exercise modalities benefit PD patients. The karate program evaluated here incorporates 
vigorous resistance and aerobic activity with mindfulness in a community-based class of mild to moderate PD 
subjects. 
Methods: Open label, 10-week study of twice weekly, PD-specific, non-contact karate classes for patients with 
Hoehn & Yahr (HY) stage 1-3. Feasibility was assessed by overall dropout rate and adherence via attendance 
records. Participants completed pre- and post-intervention assessments of mobility (Timed up and Go), gait (Tinetti 
mobility test), quality of life (PDQ-8), and patient global impression of change (PGIC). 
Results: We enrolled 19 participants; 15 completed all ten weeks of classes (79%), with mean adherence of 87% 
among completers. Reasons for withdrawal: scheduling conflicts, pre-existing sciatica, and appendicitis. Among 
those completing the study, 53% were women, median age 68 (range 39-80), PD duration of 6 years (range 2-20), 
and 93% were HY 2. We found significant improvements in quality of life (PDQ-8: 25.3 vs. 19.3, p = 0.01), and gait 
(Tinetti Mobility Test: 27.1 vs. 27.9 points, p = 0.01), and a trend toward improvement in mobility (Timed Up and 
Go: 9.6 vs. 9.0 seconds, p = 0.1). On the PGIC, 87% endorsed feeling moderately or considerably better. All met 
their self-defined pre-intervention goal, planned to continue karate, and would recommend it to a friend, 
respectively. 
Conclusions: A twice-weekly karate class was met with high adherence and enthusiasm among people with early- 
to middle-stage PD. After ten weeks of participation, significant improvements were noted in gait, quality of life, 
and self-reported impression of change. Karate for PD is a promising intervention with potential to impact quality of 
life and mobility. This work has been accepted for presentation at AAN 2019 and WPC 2019. 
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2129 
Mindfulness Based Stress Reduction in People with Parkinson’s Disease and their Carepartners 
D. Shah, S. Mantri, J. Cooney, A. Allen, K. Durham, J. Brantley, R. Vereen, P. Hickey, B. Scott (Durham, NC, USA) 
Objective: To assess the feasibility and impact of mindfulness based stress reduction (MBSR) on people with 
Parkinson’s disease (PD) and their carepartners. 
Background: Non-motor symptoms of PD impair health-related quality of life (HRQOL), contribute to caregiver 
burden, and are poorly responsive to conventional medications. Mindfulness training has been shown to improve 
HRQOL in other chronic diseases [1]. We studied the impact of structured MBSR on HRQOL in people with PD 
and their carepartners. 
Methods: Participants with mild-moderate PD (Hoehn & Yahr stage ≤ 2.5) were recruited to undergo a 9-week 
MBSR course. Subjects completed the following questionnaires at screening, at the end of the course, and at 3-
month follow-up: Parkinson’s Disease Quality of Life-39 (PDQ-39); Mindful Attention Awareness Scale (MAAS); 
Life Orientation Test-Revised (LOT-R); Non-Motor Symptoms Scale (NMSS). PD subjects were also assessed with 
the Unified Parkinson’s Disease Rating Scale (UPDRS) and Montreal Cognitive Assessment (MoCA). Carepartners 
will complete the Zarit Burden Inventory (ZBI) instead of the PDQ-39 and NMSS; other questionnaires will remain 
the same. The primary outcome measure was change in the PDQ-39 or ZBI; secondary outcomes included change in 
other questionnaires, objective measures, results of semi-structured interviews, and sustained change at 3 month 
follow-up. Because data were non-parametric and to account for loss to follow-up, Skillings Mack test was used. 
Results: 26 PD participants (61% male) with a median age of 71 years (interquartile range [IQR] 66-73) and median 
disease duration of 6 years (IQR 4-10) were enrolled; 18 completed the full course and 16 completed the 3-month 
follow-up visit. Demographics of those lost to follow-up did not differ from completers. There were significant 
improvements in PDQ-39 after the MBSR course (median [IQR]pre = 31.5 [14-56] vs median [IQR]post = 24 [11-
40]). At 3-month follow-up, median PDQ-39 slightly worsened (median [IQR]3mo = 28.5 [13.5-56.5]), but did not 
reach pre-MBSR levels. Responses to other measures are in Table 1 [table1]. Qualitative analysis is ongoing. The 
carepartner MBSR course will run from 26 March to 21 May 2019. 
Conclusions: This study shows that MBSR improves HRQOL in people with PD. Limitations include a small 
sample size and relatively high dropout, suggesting challenges in adherence, which may limit feasibility of a MBSR 
program in the longer term. 
References: 1. Greeson JM, Chin GR. Mindfulness and physical disease: a concise review. Curr Opin Psychol. 2018 
Dec 27;28:204-210 
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2130 
Transcranial Photobiomodulation as an adjunct to Levodopa therapy in patients with Parkinson’s Disease; 
an open label pilot study 
H. Singh, N. Sawal (Chandigarh, India) 
Objective: To explore the effects of  transcranial Photobiomodulation (tPBM) on symptoms of Parkinson's Disease 
and establish this therapy's efficacy as an adjunct to Levodopa. 
Background: Near Infra-red (NIR) light has been used trans-cranially in the past as tPBM. The proposed 
mechanism behind tPBM is the ability of NIR to activate mitochondrial cytC oxidase and increase the release of 
endothelial NO [1]. 810nm wavelength NIR has shown the best penetration deep into the brain [2]. NIR pulsed at 10 
Hz has shown an increase cerebral blood flow [3]. Studies have been done to evaluate the effects of tPBM in 
Alzheimer’s Disease [4]. Our study shall focus on using tPBM not as solo, but as an adjunct to Levodopa in patients 
diagnosed with PD. 
Methods: The tPBM device used was made by the GMC Hospital [figure1,2,3]. It had 10 Modules, with 490 LEDs. 
They emitted 810nm wavelength, at 10Hz with a 50% duty cycle. Each session of tPBM lasted for 10 mins. 10 
participants with mild to moderate  PD (H&Y stage 2.0±0.35) were recruited by Department of Neurology. 4 
diagnosed with Major Depression using HamD scale were excluded. The remaining 6 participants were given 10 
sessions over 10 days. UPDRS was evaluated at Day 1, 5 and 10  of therapy. Timed Up and Go (TUG) test was used 
to evaluate bradykinesias. Paired t-test was used to evaluate the statistical significance. 
Results: All 6 participants were males, mean age 68 years SD=8.6. They continued to take the same dose of 
levodopa throughout the therapy. The mean UPDRS Part-3 score before therapy was 35.0±2.9, at day 5 was 
27.6±5.5 , and at day 10 was 22.67±1.8 [figure4]. A reduction of 21.1% over a period of 5 days, and a total 
reduction of 35.2% over a period of 10 days of therapy (p=0.03). The total rigidity (Ques3.3) before therapy was 
9.5±0.9, after 10 days was 5.1±1.2. There was a 46% reduction in Rigidity (p=0.007). A 27.1% reduction in TUG 
time was observed (p=0.006) 
Patient SS19-4 and SS19-5 had a marked improvement in handwriting [figure5,6] Patient SS19-4 was able to light 
the stove and hold a coffee mug without any spillage. 
Conclusions: tPBS had a huge impact on the participant’s lives. There was a 35% reduction in UPDRS-3 scores. 
TUG time came down by 27%. This study is excellent proof of concept, however, to figure out the exact 
mechanisms as to how tPBM affects each and every symptom of PD, a sham-controlled study is planned. 
References: 1 de Freitas LF, Hamblin MR. Proposed mechanisms of photobiomodulation or low-level light therapy. 
IEEE Journal of selected topics in quantum electronics. 2016 May;22 2 Jagdeo JR, Adams LE, Brody NI, Siegel 
DM. Transcranial red and near infrared light transmission in a cadaveric model. PloS one. 2012 Oct 15;7 3 Hamilton 
C, Hamilton D, Nicklason F, El Massri N, Mitrofanis J. Exploring the use of transcranial photobiomodulation in 
Parkinson's disease patients. Neural regeneration research. 2018 Oct;13 4 Purushothuman S, Johnstone DM, 
Nandasena C, Mitrofanis J, Stone J. Photobiomodulation with near infrared light mitigates Alzheimer’s disease-
related pathology in cerebral cortex–evidence from two transgenic mouse models. Alzheimer's research & therapy. 
2014 Feb;6 
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2131 
Blue light therapy glasses in Parkinson’s disease: patients’ experience and effectiveness 
K. Smilowska, D. van Wamelen, A. Schoutens, M. Meinders, B. Bloem (Nijmegen, Netherlands) 
Objective: We aimed to assess how patients experience the use of blue light glasses, a novel way of delivering light 
therapy, aiming to optimise compliance in upcoming clinical trials where these glasses will be tested for efficacy. 
Background: Blue light emitting glasses have been introduced as a possible new treatment option to treat sleep 
disturbances in patients with Parkinson disease (PD). Assessing patient attitudes represents a key step on the road 
towards formal testing and introduction into clinical practice. 
Methods: We invited 58 PD patients who had used the blue light glasses for at least one week on a daily basis to 
complete an online survey about their experiences and self-reported impact. The System Usability Scale (SUS; 
range 0-100) was used, supplemented with additional questions about (side) effects. A total of 31 patients (53%) 
replied. 
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Results: 74% of respondents reported subjective improvements in night-time sleep, daytime sleepiness, depressive 
symptoms, motor functioning, or a combination thereof. The median score for the System Usability Scale was 70.0. 
A total of 26 patients (84%) had an overall positive attitude towards the technique, patients rating the glasses with an 
average score of 6.9 ± 2.0 out of 10. Except for one patient, all responders indicated they wanted to continue using 
the glasses, mostly because they considered it a useful aid. 
Conclusions: PD patients had an overall positive attitude towards blue light glasses as treatment for sleep disorders. 
Blue light therapy appears to have a positive effect on sleep, mood and motor symptoms in PD. 

2132 
Comparison of Current DBS Platforms in the United States 
L. Surillo, U. Yazdani, S. Chitnis (Dallas, TX, USA) 
Objective: To compare and contrast the currently available deep brain stimulation (DBS) platforms in the United 
States, their technical features, capabilities and practicality of usage. 
Background: DBS is an effective surgical treatment for Parkinson disease (PD), essential tremor (ET), and 
dystonia. The FDA approved the Medtronic Activa therapy to treat ET in 1997 and PD in 2002. Subsequently, two 
more device platforms, the Abbott Infinity and Boston Scientific Vercise systems have joined the therapeutic arena. 
Therefore, now there are more available options of devices to choose from when implanting patients with DBS. 
Methods: Information used to compare the three systems was obtained from published literature and websites of 
manufacturers. We compared categories that include approved indications, number of contacts, design, contact 
length and inter-contact spacing, stimulation field, polarity, programmable characteristics, clinician and patient 
programmers, MRI accessibility and safety features. 
Results: Unlike traditional DBS systems that are built from pacemaker technology, the Versice system is modeled 
from cochlear implant technology. It also features an extended life span with a novel current control and has the 
smallest battery size. All three systems provide constant current sources. The number of lead contact points have 
increased from four to eight. Newer electrodes also provide segmented ring contacts. All but one manufacturer 
provide rechargeable systems. Two of the systems have MRI compatibility. 
Conclusions: Fundamentally, all DBS systems deliver electrical current to the brain to alleviate symptoms. 
Variations between devices can be viewed as “tweaks” to potentially enhance benefits and lessen side effects, 
however some of the unique technical features do set them apart. Not only do these give doctors and patients more 
options, they also spur competition and innovation. To achieve the best therapeutic effects and patient outcomes, it 
is important to consider all the available systems based on patient profiles, technical features, programming 
characteristics, practicality of usage, and limitations of each system. 

2133 
Park-Ease Trial: A Randomized Controlled Trial to Study the Efficacy of Exercises in Early-Stage 
Parkinson's Disease 
R. SWARNAKAR, S. WADHWA, S. V, V. GOYAL, V. SREENIVAS (NEW DELHI, India) 
Objective: To evaluate the efficacy of exercises in early-stage Parkinson’s Disease by observing improvement in 
motor symptoms assessed by Unified Parkinson’s Disease Rating Scale (UPDRS) section III (motor section), 
improvement in non-motor symptoms assessed by UPDRS section I (mentation), improvement in activities of daily 
living assessed by UPDR sections II (Activities of daily living, ADL) and VI (Schwab and England ADL Scale). 
Background: Parkinson’s disease (PD) is a progressive neurodegenerative disorder. Currently, high treatment cost, 
disease burden, and inadequate treatment response have made Parkinson’s Disease more challenging. Among all the 
treatment options exercise is a cost-effective way with many positive effects in the PD population. Exercise has 
effects like increased effectiveness of levodopa, neuroplasticity and may even retard the disease progression. The 
key unmet need in PD research is to address those areas which can delay the disease progression or modify it. 
Recently, a review also mentioned the need for research to study the efficacy of exercise in early stage PD as 
exercise posses neuroplastic and neurorestorative effects in modifying PD progression [1]. 
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Methods: PARK-EASE trial was conducted in individuals with newly diagnosed Parkinson’s Disease on a stable 
dose of PD medications with Hoehn and Yahr stage ≤ 2. Twenty-two participants were randomized to intervention 
group (strengthening, stretching, aerobic, agility, trunk exercises) and control group (stretching exercises were done 
passively by care partner). Main outcome measures were UPDRS I, II, III, VI at baseline and 4 weeks. 
Results: The intervention group showed statistically more significant (p-value < 0.05) improvement in UPDRS I, II, 
III. The intervention group also had significant improvement in UPDRS-VI (p = 0.04) but the control group had no 
change in UPDRS-VI. Improvement in the ADL section was more than the motor section of UPDRS. 
Conclusions: This is a first randomized controlled trial to study the structured-exercises efficacy in early-stage PD. 
Results from this trial showed that structured exercises are efficacious in improving the ADL, motor symptoms and 
mentation in early-stage PD. Exercises are efficacious in improving non-motor symptoms than motor symptoms. 
Results also signify to institute structured exercises as an early rehabilitation intervention in early stages of PD. 
References: 1. Chung, C. L., Wong-Yu, I. S., Mak, M. K. & Shen, X. Long-term effects of exercise and physical 
therapy in people with Parkinson disease. Nat. Rev. Neurol. 13, 689 (2017). PARK-EASE trial was presented in the 
47th Annual National Conference of Indian Association of Physical Medicine and Rehabilitation, 2019 
(IAPMRCON 2019). PARK-EASE trial has been accepted for presentation in 4th Annual Conference of Movement 
Disorders Society of India (MDSICON 2019) which will be held from 22nd - 24th February 2019 in New Delhi, 
India. 

2134 
Real World Clinical Outcomes Using a Novel Directional Lead from a Multicenter Registry of Deep Brain 
Stimulation for Parkinson's Disease 
J. Vesper, R. Jain, A. Wang, H. Scholtes, V. Study Group, G. Deuschl (Düsseldorf, Germany) 
Objective: In this report, initial real-world outcomes using a directional lead with a Deep Brain Stimulation (DBS) 
system capable of multiple independent current source control (MICC) for use in managing symptoms of levodopa-
responsive Parkinson's disease (PD) will be reported. 
Background: Deep Brain Stimulation (DBS) systems have historically used ring-shaped electrodes that produce 
stimulation fields with limited control over field shape and volume of tissue activated. Directional current steering 
may permit a more personalized DBS approach with respect to individualized shape and pattern of electrical field 
and corresponding volume of tissue activated. 
Methods: The Vercise DBS Registry (ClinicalTrials.gov Identifier: NCT02071134) is a prospective, on-label, 
multi-center, international registry sponsored by Boston Scientific. Subjects in this cohort were implanted with a 
directional lead included as part of a multiple-source, constant-current directional DBS system (Vercise Cartesia, 
Boston Scientific). Subjects were followed up to 3-years where their overall improvement in quality of life and PD 
motor symptoms was evaluated. Adverse events were collected. 
Results: To date, 200 enrolled patients have been implanted with the directional lead. Improvement in Quality of 
Life following DBS implant with the directional lead was demonstrated at 6 months and 1-year post 
implant.Improvements in motor function (change in MDS-UPDRS III scores - meds off condition) was also 
noted.Additional data is to be presented. 
Conclusions: Enabling fractionalization of current using MICC can permit application of a well-defined, shaped, 
electrical field.This on-going registry represents the first comprehensive, large scale collection of real-world 
outcomes using a directional lead and an MICC-based DBS system. 

2135 
Effects of Handwriting Exercise on Functional Outcome in Parkinson’s Disease: A Randomized Controlled 
Trial 
N. Vorasoot, P. Termsarasab, K. Thadanipon, T. Pulkes (Bangkok, Thailand) 
Objective: To determine whether handwriting exercise could improve writing skill and fine manual function in 
Parkinson’s disease (PD). 
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Background: PD patients frequently experience micrographia, difficulty writing and signing, which can potentially 
impact a quality of life. Short-term training with visual cues and feedback such as treadmill walking and cycling 
exercise have been shown to be beneficial in PD. 
Methods: This was a single-center, single-blinded, randomized controlled trial, assessing the efficacy of a 4-week 
handwriting exercise using our newly developed handwriting practice book. The primary endpoint was an 
improvement in speed to complete the handwriting test. The secondary endpoints were the accuracy of the writing 
performance (i.e. how well the line of the patients’ handwriting passed through each dot of the letters), patient’s 
subjective rating scale of their handwriting and UPDRS part III motor scores. 
Results: Of a total of 46 subjects, 23 were randomly assigned to the handwriting exercise group. After 4 weeks of 
exercise, the mean time using for completing the test was significantly lower in the exercise group, compared to 
control (143.43±34.02 vs. 175±48.88 seconds, p=0.015). The mean time using for completing the handwriting test 
was reduced from the baseline after the 4-week period by 16.16% in the exercise group, while increased by 3.63% in 
the control group (p<0.001). The time using for completing the handwriting test was improved in all patients except 
one (95.65%), whereas only 7 patients in the control group (30.43%) showed improvement, however, to a lesser 
degree. The change in accuracy of the writing performance was not significantly different between both groups. 
Patients in the exercise group also felt that their writing skills were improved as shown by the subjective rating scale 
(exercise vs. control group 2.78±0.42 vs. 2.08±0.60 scores, p<0.001). UPDRS part III scores, especially on hand 
function were shown more improvement in the exercise group (-17.95±14.25% vs. -3.15±9.14%, p<0.001). 
Conclusions: The 4-week handwriting exercise using our handwriting practice book appears to be able to promote 
an improvement on writing speed and fine manual function. The optimal duration, frequency of handwriting 
exercise, quantity and characteristic of the letters in the handwriting practice book, and benefits in other languages 
merit further studies. 

2136 
Singing - tune into self-regulation: A holistic system perspective 
E. Wünnenberg, M. Jungen (Frankfurt am Main, Germany) 
Objective: The aim of the single case experimental study [1] was to examine the treatment of PD under a more 
holistic systemic perspective similar to the 4-level model by Shiavio & Altenmüller [2]. The approach refers to an 
adequate view on viable systems like humans in contrast to formerly more traditional linear thinking and acting. 
Background: With the focus on self-management and neuroprotection in PD, dancing and music-related activities 
such as singing are gaining importance [2]. Integrative approaches in the rehabilitation aim to reduce the 
impairments between the self as "agent" and its body system. Barnish et al. [3] reported some benefits of singing on 
clinical outcomes of people with PD. Main criticism to get more proof on these outcomes is the lack of theoretical 
foundation for singing activities and substantial methodological limitations of the studies. As we show, the findings 
of the Polyvagal theory by Porges [4] and the Theory of Personality Interaction Systems by Kuhl [5] can serve for a 
praxeology of singing in the context with PD. Insights into the somato-psychological function loops of the cited 
theories provide an explanatory model of how singing can counteract the vicious circle of functional deficits, 
vegetative dysfunction, embodied rigidity and loss of self-regulation and self-management in PD. 
Methods: According to the theoretical approaches, a baseline assessment including Development-oriented 
personality scanning [6], Body Perception Questionnaire [7], measurement of heart rate variability, and FOG was 
designed to produce a data figure on the basis of which patients of PD progress across singing could be measured 
and accounted for. Sixteen patients with PD were included in a singing group (6x1hour per week). Pre-post-
measurements were done to explore the psycho-vegetative effects of singing. 
Results: Agglutination of the single cases showed predicted correlations between stress-regulation, a specific 
pattern of coping according to the Theory of Kuhl and symptoms. Singing was useful to get out of stress-regulation 
and to get access to individual resources for social engagement and adaptive behavior. 
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Conclusions: Existing theoretical approaches can be referred for an explanatory model and are useful to foster a 
personal development competence in PD. Singing is a promising music-based rehabilitation for Parkinsonism 
through the eyes of an embodied cognitive science. 
References: [1] Pospeschill, M. & Siegel, R. (2018) Methoden für die klinische Forschung und diagnostische 
Praxis. Heidelberg: Springer-Verlag. [2] Schiavio, A. & Altenmüller, E. (2015). Exploring music-based 
rehabilitation for Parkinsonism through embodied cognitive science. Frontiers in Neurology. 
https://doi.org/10.3389/fneur.2015.00217 [3] Barnish, J., Atkinson, R. Barran, S., Barnish, M. (2016). A potential 
benefit of singing for people with Parkinson’s disease: A systematic review. Journal of Parkinson's Disease, Vol 
6(3), 2016. pp. 473-484. http://dx.doi.org/10.3233/JPD-160837 [4] Porges, S.W. (1995). Orienting in a defensive 
world: Mammalian modifications of our evolutionary heritage. A Polyvagal Theory. Psychophysiology, 32(4):301-1 
Porges, S.W. (2007). A phylogenetic journey through the vague and ambiguous Xth cranial nerve: a commentary on 
contemporary heart rate variability research. Biol. Psychol.;74(2):301-7. DOI:10.1016/j.biopsycho.2006.08.007. [5] 
Kuhl, J. (2001). Motivation und Persönlichkeit. Interaktion psychischer Systeme. Göttingen: Hogrefe. [6] Kuhl, J., 
& Henseler, W. (2004). Entwicklungsorientiertes Scanning (EOS) [Developmentoriented personality scanning]. In 
L. v. Rosenstiel & J. Erpenbeck (Eds.). Handbuch der Kompetenzmessung (pp. 428-453). Heidelberg: Spektrum 
Akademischer Verlag. [7] Cabrera, A., Kolacz, J. Pailhez, G., Bulbena-Cabre, A., Bulbena, A.& Porges S.W (2017). 
Assessing body awareness and autonomic reactivity: Factor structure and psychometric properties of the Body 
Perception Questionnaire-Short Form (BPQ-SF) DOI: 10.1002/mpr.1596 

2137 
Non-Invasive Vagus Nerve Stimulation: A non-pharmacological approach to target gait impairment in 
Parkinson’s disease? 
A. Yarnall, R. Morris, H. Hunter, J.P. Taylor, M. Baker, L. Rochester (Newcastle upon Tyne, United Kingdom) 
Objective: To determine whether single dose non-invasive vagus nerve stimulation (nVNS) enhances gait 
performance in Parkinson’s (PD). 
Background: Loss of cholinergic neurons from nucleus basalis of Meynert (nbM) may be a major contributor to the 
functional decline in gait and cognition in PD (1). Studies of cholinesterase inhibitors for the management of PD-
associated gait disorder are underway, however, drugs are not without side-effects. We have recently shown in 
healthy controls that nVNS can activate cholinergic neurons in the nbM. 
Methods: This was a single dose double-blind, sham/placebo-controlled study of 30 patients with Parkinson’s, who 
were equally randomised into sham vs. active nVNS groups. Gait was measured using an instrumented walkway and 
sensors, with preliminary analysis focussing on step time and step length variability, as predictors of early dopa-
resistant gait impairment (2). Attentional fluctuation was measured with computerised cognitive testing. 
Results: 29 patients (mean age 63.4 years; disease duration 4.8 years, MDS UPDRS III 27.1) completed the study, 
with no significant differences for baseline clinical demographics between active (n=14) and sham (n=15) groups. 
There was an overall decrease in step time and step length variability in the active nVNS group, with the latter 
statistically significant compared with sham nVNS (% improvement +6.0 vs. -25.4%, p=0.045). No difference in 
cognitive testing was noted. 
Conclusions: This small pilot study has shown that nVNS can improve gait parameters associated with dopa-
resistant gait impairment in early PD. Non-invasive VNS therefore has the potential to provide a safe, low-cost 
therapy that can be delivered in the community. 
 
(Also presented at the Parkinson’s UK Research Conference, York, UK, 12th November 2018) 
References: (1) Yarnall AJ, Rochester L, Burn DJ. Mov Dis 2011; 26: 2496-503. (2) Rochester L, Galna B, Lord S, 
Yarnall AJ, Morris R, Duncan G, Mollenhauer B, Burn DJ. Neur 2017; 88: 1501-11. 
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2138 
Effect of deep brain stimulation on endothelial function and heart rate variability in Parkinson's disease 
J.H. Yoon, D.G. Park (Suwon, Republic of Korea) 
Objective: We aimed to investigate whether deep brain stimulation (DBS) surgery could impact on the vascular 
endothelial function and heart rate variability in Parkinson’s disease (PD). 
Background: Heart rate variability and endothelial function have been reported to be impaired and might be 
implicated in the progression in PD. 
Methods: A total of 23 advanced PD patients were recruited. Endothelial function was evaluated with flow 
mediated dilation (FMD). HRV was evaluated using the RR intervals of a 5-min electrocardiogram recording. Time 
domains (RR-standard deviation, root mean square difference of successive RR intervals) and frequency domains 
(low- and high-frequency and total spectral power) were analysed. FMD and HRV were investigated before and 
after 1 year of DBS surgery. 
Results: FMD improved (6.01 ± 1.51 to 6.79 ± 1.57, p=0.04), but there were no significant changes in HRV 
parameters. While the level of homocysteine slightly decreased (13.9 ± 4.1 to 13.1 ± 3.1, p=0.041), there was no 
significant correlation between changes in homocysteine levels and alterations in FMD (r=-0.209, p=0.087). 
Conclusions: STN DBS surgery could decrease levodopa dosage, improve motor and endothelial function but had 
no direct effect on HRV. Endothelial function has been reported to correlated with cognitive function and white 
matter change presumably by controlling of micro-cerebral blood flow. The modification of endothelial function 
could be a promising therapeutic approach to treat levodopa-resistant symptoms in PD. 

2139 
DBS for PD in Albania 
I. Zekja, R. Alimehmeti, F. Dashi, S. Grabova, M. Petrela, M. Rralacolli, J. Kruja (Tirana, Albania) 
Objective: DBS: surgical procedure of choice for PD. Albanian experience. 
Background: Parkinson disease (PD) : the decrease of dopamine’s levels because of nigro – striatal degeneration, 
stimulates a cascade of events, causing resting tremor, rigidity, bradykynesia , hypokinesia, etc. The first line 
treatment is the replacement therapy & Levodopa is the most effective replacement therapy for PD.Llong-term 
management of PD with levodopa, may be followed by the development of motor fluctuations and dyskinesia. The 
fluctuations cannot be managed neither by addition of other PD medications nor by changes in levodopa dosing 
schedule. In this period the surgical treatments for PD are often considered. DBS is currently the surgical procedure 
of choice for PD. 
Methods: Cases report. 
Results: We performed first bilaterally STN – DBS in PD on 2015, for 2 patients. Then we realized it for 2 other PD 
patients. So we have 4 PD patients implanted with STN – DBS. 3 of them were males and 1 female. The mean age: 
58 years old. All of them had major parkinsonian symptoms ( tremor, rigidity, bradykinesia) and a lot of 
medications. We found the time of intervention, as the best indication time for it, as there were the adverse therapy 
effects appeared and before their complete social and professional invalidization. We performed UPDRS evaluation 
for all of them. 
After the intervention we swiched onn the DBS and performed their programming. We followed up all the patients, 
either clinically or DBS programming parameters. All our patients underwent bilaterally STN- DBS. There were no 
neurosurgical complications for all of them, no DBS failure or leads misplacement as well. All the major 
parkinsonian signs (tremor, slowness, rigidity) improved significantly with bilateral STN- DBS. Tremor was the 
symptom improved more with STN - DBS than with medications alone. There was marked reduction in dyskinesia 
as well. There were marked reduction in antiparkinsonian medications for our patients and the UPDRS were 
evidently improved for all of them. 
Conclusions: DBS as new therapeutic method for movement disorders, include in its indications PD. Its application 
improves significantly the quality of life for PD patients, reduces major parkinsonian symptoms and reduces the 
adverse effects of antiparkinsonian medications, as well. 
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References: 1.Challenges in PD patient management after DBS: A Pragmatic Review Malco Rossi, MD, PhD,1 
Ver_onica Bruno, MD, MPH,1,2 Julieta Arena, MD,1 _Angel Cammarota, MD,1 and Marcelo Merello, MD, 
PhD1,2,* 2. A history of Deep Brain Stimulations: Technological innovation and the role of clinical assessment 
tools Social studies of science : 43 ( 5) 707 - 728 
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2140 
Day Hospitals Reinvented : the future of Parkinson’s care 
J. Adenwalla, S. Jones, M. Oliver, N. Noushad, B. Mohamed, C. Thomas, T. Williams, S. Mahon (Cardiff, United 
Kingdom) 
Objective: To evaluate our model of delivering inter-disciplinary, patient-focused care in an outpatient 
environment. 
Background: The progressive and potential debilitating nature of Parkinson’s makes early identification of 
symptomatology, and swift patient-directed intervention vital. Our day hospital which is co-located with the 
Parkinson’s service is a goal driven outpatient based clinical unit, staffed by MDT and attended by patients for 
weekly half day session over a number of weeks. 
Methods: Retrospective analysis of day hospital attendees between July 2018 and February 2019. All patients with 
Parkinsonism were identified. Information was collected from electronic databases and patient notes, including 
performed assessments, interventions provided and clinical picture post involvement in day hospital. Patient 
satisfaction questionnaires were given to a random selection of patients. 
Results: 132 patients were included in the study (61% male, 39%females); mean age 77 years (range 50- 97).The 
mean years since diagnosis is 6 years (range 1-20). Median and mode of H&Y score was 3. Median Clinical Frailty 
Scale was 4 (range 3-7).  Commonest referrers were Parkinson’s service (107), GP and Community Rapid Access 
Service (8). Average number of sessions attended were 6 (range 1-13). 126 patients completed the therapy 
programme. All patients received medical assessments;74% had alterations to medications. 98% patients required 
physiotherapy intervention whilst 93% required occupational therapy intervention. 39% needed speech therapy, and 
11% Dietetics. 3 people were identified for palliative care input. Of 42 patients screened for anxiety/depression, 26 
needed further input. On MOCA screening (n =50), 82% had cognitive impairment. Commonest new diagnoses 
were cognitive impairment, postural hypotension and constipation. Patient’s self-reported experience was positive. 
The Tinetti scores improved by an average of 9 points in the group with pre and post scores available (n=18). 
Conclusions: The day hospital allows for prompt identification of both motor and non-motor deterioration in 
patients with PD through inter-disciplinary, multi-dimensional assessment. This chronic disease care model is well 
suited to complex Parkinson’s management and allows large numbers of people to access specialist care. 
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2141 
Simple Partial Status Epilepticus Presenting With Dystonic Features In Acute Stroke 
T. Ali, S. Pradeep, D. Ginupally, Z. Guduru (Lexington, KY, USA) 
Objective: We describe a case of a patient with an acute stroke who presented with abnormal posturing and 
tremulous movements of the right upper extremity, which was thought to be a dystonic tremor but turned out to be 
simple partial status epilepticus. 
Background: The timing of onset of abnormal movements post-stroke helps in the classification and appropriate 
diagnosis. Abnormal movements develop as residual complications in 1–4% of all patients after strokes. The latency 
between the acute stroke and the onset of abnormal movement varies from less than a day to several years after the 
event. Dystonia usually arises a few weeks to years after a stroke. The frequency of early post-ischemic seizures 
ranges from 2 to 33%; 50 to 90% appear to be simple partial seizures. 
Methods: A 61-year-old man newly diagnosed with hypertension, developed numbness and weakness in the right 
upper extremity. Within hours, he developed abnormal posturing of the right hand, finger splaying, and non-
distractible, jerky, tremulous movement which is present at rest, posture and action, and resolved in his sleep. There 
was no alteration in mentation. Movement disorders team was consulted for possible acute dystonic tremor. 
Results: A routine EEG was normal (and the movements were captured). Diffusion Weighted and Apparent 
Diffusion Coefficient MRI demonstrated several small embolic-appearing infarcts in the left frontal region (Figure 
1). Despite dystonic features on the exam, the development of post-stroke dystonia has never been described, and 
the temporal sequence of events raised high suspicion for simple partial status epilepticus. A mild improvement 
occurred with a single dose of lorazepam. The patient was then given a valproic acid loading dose (15 mg/kg) and 
continued on valproic acid 500 mg BID. While driving home on the day of discharge his abnormal movements 
resolved. His valproic acid was tapered over the following week, and he remained asymptomatic at four days and six 
months follow-up. 
Conclusions: Dystonia, the second most common post-stroke movement disorder is typically delayed in onset. 
There should be a high suspicion for simple partial seizures, where there is an acute onset of movements post-stroke, 
even when the EEG is normal. Simple partial seizures can resolve in sleep. 
References: Scott BL, Jankovic J. Delayed-onset progressive movement disorders after static brain lesions. 
Neurology. 1996;46(1):68-74. Camilo O, Goldstein LB. Seizures and epilepsy after ischemic stroke. Stroke. 
2004;35(7):1769-75. 
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2142 
Assessing the validity and reliability of MANAGE-PD tool to identify patients with Parkinson's disease 
inadequately controlled on oral medications – Results from an international survey of general neurologists 
and movement disorder specialists 
A. Antonini, P. Odin, Y. Jalundhwala, P. Schmidt, A. Skalicky, L. Kleinman, J. Zamudio, K. Onuk, P. Kukreja, Y. 
Bao, F. Cubillos, H. Fernandez (Padua, Italy) 
Objective: To evaluate the validity and reliability of MANAGE-PD tool. 
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Background: Timely identification of advancing symptoms in patients with Parkinson’s Disease (PD), thereby 
improving opportunities for medication optimization as well as device-aided therapies are areas for clinical practice 
improvement. MANAGE-PD is a simple clinician-reported screening tool developed to address this practice gap. 
Methods: The tool was developed using a mixed-method approach1 and building on a consensus of indicators 
identified by movement disorder specialists (MDS) Delphi-panel.2   Validity and reliability of the tool was assessed 
using a 2-step vignette-based approach. First step included a mix of open and closed ended questions to a panel of 
selected international MDSs from 15 countries (n=19). The second step included a closed ended survey of an 
internet-based panel of general neurologists (GN) from US and UK (n=500). A steering committee developed 
hypothetical vignettes (n=10) representing a wide spectrum of disease severity and categorized the outcomes as (i) 
adequately controlled on oral therapy; (ii) inadequately controlled on oral therapy and consider oral optimization 
only; (iii) inadequately controlled on oral therapy and consider evaluation for device-aided therapies along with oral 
optimization. In both rounds of the survey, each participant rated 4 vignettes based on a random block assignment 
and 1 anchor vignette. Concordance between clinical judgment for patient management versus MANAGE-PD 
recommendation was assessed. 
Results: The MDSs panelists in the first step of validation had extensive experience in treating PD [Mean number of 
years (SD): 24.4 (7.6); Mean number of patients treated/month (SD): 73.2(45.4)]. Item language and vignette 
wording was found to be acceptable. A high concordance between clinical judgment and MANAGE-PD outcomes 
was observed (Intra-class co-efficient: 0.82; weighted kappa statistic:0.71; unweighted kappa statistic: 0.78; 
concordance for the categories ranged from 82.35-88.24%).The data collection from the survey of GNs is ongoing 
and will be presented. 
Conclusions: Based on initial data, MANAGE-PD demonstrated high reliability and validity. Future steps include 
optimizing scoring algorithm based on patient-level data. 
References: 1. Antonini A, Schmidt P, Odin P, Kleinman L, Skalicky A, Sail K, Jalundhwala YJ, Zamudio J, Onuk 
K, Marshall T, Fernandez HH. Development of a Clinician-reported Screening Tool to Identify Patients with 
Parkinson’s disease inadequately controlled on oral medications [abstract]. Mov Disord. 2017; 32 (suppl 2). 2. 
Antonini A, Stoessl AJ, Kleinman LS, Skalicky AM, Marshall TS, Sail KR, Onuk K, Odin P. (2018) Developing 
consensus among movement disorder specialists on clinical indicators for identification and management of 
advanced Parkinson’s disease: a multi-country Delphi-panel approach, Current Medical Research and Opinion, 
34:12, 2063- 2073. 

2143 
Clinical, genetic and radiological characterization of patients with movement disorders and basal ganglia 
calcification 
F. Arienti, G. Franco, E. Monfrini, A. Seresini, A. Di Fonzo (Milan, Italy) 
Objective: The aim of this study is to present a case series of patients affected by movement disorders and Fahr’s 
disease or Primary Familial Brain Calcification (PFBC), analysing clinical presentation, radiological features and 
genetic profiles. 
Background: PFBC is a rare neurological disease characterized by idiopathic calcification of basal ganglia [1]. Five 
genes have been identified to cause the disease, namely SLC20A2, PDGFR, PDGFRB, XPR1 and MYORG [2]. 
Even if almost all these genes are involved in phosphate-calcium metabolism or in brain blood barrier permeability, 
the exact pathogenesis of PFBC is still unknown and the treatment is only symptomatic [3]. 
Methods: From our movement disorders database, we selected patients with basal ganglia calcification. Firstly, we 
analysed the clinical and radiological data; secondly, we performed a genetic panel for 96 genes associated with 
Parkinson’s disease, Fahr’s disease, lysosomal and mitochondrial diseases, dystonia, dementia and 
neurodegeneration with brain iron accumulation (NBIA). 
Results: The case series from our database showed ten patients, five males and five females. The mean (±SD) age at 
onset of symptoms was 63 (± 8.8) years. Clinically, the most frequent neurological symptoms were rigidity (60%), 
postural instability (60%) and tremor (50%), while depression and anxiety figured as the main psychiatric disorders; 

This article is protected by copyright. All rights reserved.



furthermore, two-thirds of patients receiving levodopa showed dyskinesias [figure 1]. 
The globus pallidus was the main radiological site affected by calcifications (70%), followed by the cerebellum 
(40%). Five patients had a positive family history for movement disorders, but in only one patient a causative 
mutation for Fahr’s disease was found. DaT-SPECT was performed in five patients and showed significant bilateral 
lower striatal DaT uptake; however, in all these cases one side resulted more involved than the contralateral [figure 
2]. 
Conclusions: Although the genetic knowledge of PFBC is increasing, most patients do not show mutations in genes 
known to cause the disease and exhibit various clinical features, whose neuropathogenesis remains poorly defined. 
Considering that basal ganglia calcification on CT scans are extremely symmetrical, the finding of lateralization in 
the DaT-SPECT sequences complicates the understanding of the pathogenetic role of calcifications. 
References: [1] Manyam BV, Walters AS, Narla KR. Bilateral striopallidodentate calcinosis: clinical characteristics 
of patients seen in a registry, (2001). Movement disorders: official journal of the Movement Disorder 
Society;16(2):258–264. doi: 10.1002/mds.1049. [2] Xiang-Ping Yao, Xuewen Cheng, Chong Wang, Miao Zhao, 
Xin-Xin Guo, Hui-Zhen Su, Lu-Lu Lai, Xiao-Huan Zou, Xue-Jiao Chen, Yuying Zhao, En-Lin Dong, Ying-Qian 
Lu, Shuang Wu, Xiaojuan Li, Gaofeng Fan,Hongjie Yu,6Jianfeng Xu, Ning Wang, Zhi-Qi Xiong,2, Wan-Jin Chen, 
(2018). Biallelic Mutations in MYORG Cause Autosomal Recessive Primary Familial Brain Calcification, Neuron, 
98 (6), pp. 1116-1123.e5. [3] Manyam BV, (2005). What is and what is not ‘Fahr’s disease’, Parkinsonism Relat 
Disord.;11(2):73–80 
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2144 
ATP1A3 Gene Mutations Associated With Rapid-Onset Dystonia-Parkinsonism (RDP) Presenting As 
Functional Neurologic Disorder: A Report of Two Cases 
T. Biller, R. Chuang, S. Ro (Seattle, WA, USA) 
Objective: Functional neurologic disorder (FND) diagnostic criteria continues to evolve, with current emphasis on 
positive neurologic signs, including sudden onset, inconsistency or incongruence, without reliance on presence or 
exclusion of other disorders, such as psychological or historical stressors. We present two cases of genetically 
confirmed ATP1A3 mutations and clinical features of rapid-onset dystonia parkinsonism (RDP) with functional 
neurologic disorder (FND) phenotypes. 
Background: Case 1(C1): 16y/o F with history of anxiety, abuse, and OCD presented with one year of sub-acute 
generalized appendicular dystonia without axial involvement.Three years from initial onset, patient had a 
psychologically traumatic event. She had acute, severe, sustained anarthria and jaw opening dystonia. Prior hand/leg 
dystonia transiently improved, despite stark progression of bulbar symptoms.  
Case 2(C2): 18y/o F with history of anxiety and childhood trauma presented with acute symptoms of fixed distal 
dystonia following a triggering event. A variety of abnormal movements followed, some rapidly progressed, others 
were intermittent.  She had a period of relative remission a month later. 
Both saw multiple movement disorder specialists and were initially diagnosed with FND. 
Methods: MRI brain and thorough laboratory workup for both patients was unremarkable, including paraneoplastic 
panel and Wilson’s disease testing. Both patients failed trials of carbidopa-levodopa, and were unable to tolerate 
baclofen, but receive botulinum toxin injections for dystonia with some efficacy. Trihexyphenidyl was moderately 
beneficial. Both received counseling for childhood traumas, including stressors linked to initial dystonic events. 
Results: C1: heterozygous ATP1A3 gene variant c.2417T>G(p.Met806Arg). This possible pathogenic mutation was 
described in a patient with the AHC phenotype.  
C2: heterozygous ATP1A3 gene variant c.2767G>A(p.Asp923Asn).This is a known pathogenic mutation previously 
reported in patients with RDP. 
Conclusions: Greater availability of genetic testing and improved understanding of ATP1A3 mutations and 
phenotypes can accelerate accurate diagnosis and treatment. The phenotypic spectrum of genetic dystonias continues 
to expand, and multiple variants feature overlapping clinical features. Providers should be aware that a positive FND 
diagnosis does not exclude organic disease. 
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2145 
Gastrointestinal symptoms as a risk factor for the appearance of motor fluctuations in patients with 
advanced Parkinson disease 
C. Borrue-Fernandez, M. Boimorto (San Sebastian Reyes, Spain) 
Objective: Gastrointestinal alterations in patients with Parkinson`s Disease (EP) provoke alterations in the 
absorption of levodopa that facilitates the development of motor fluctuations. Study the role of gastrointestinal 
dysfunction in the EP and the development of the motor fluctuations. Clinically characterize these gastrointestinal 
alterations. 
Background: The EP is a movement disorder characterized by tremor, rigidity , bradikinesia and postural 
instability. It is more frequent in males between 50 - 60 years. It´s caused by the combination of genetic and 
environmental factors that provoke the death of the neurons of the sustantia nigra , that produce dopamine, a 
fundamental neurotransmitter in regulation of the circuit of the basal ganglia. Motor fluctuations occurs in patients 
with advanced Parkinson disease treated with levodopa, and they are changes in motor state that make the patient 
stay between good mobility (ON) and bad mobility (OFF). At the beginning they can be predictable and related to 
the levodopa ingestion but the situation becomes complex since the fluctuations become unpredictable. 
Methods: Retrospective study, observational.We have included patients followed up at Movement Disorder clinic 
that present criteria of advanced Parkinson disease. 
Results: In our population there are slightly more men than women. The mostly are on levodopa treatment and a 
more then a half were taking a combined therapy with dopamine agonists and levodopa. Gastroinestinal symptoms 
are frequent, specially constipation , as it has been previously described in literature.Motor fluctuations, particularly 
wearing-off, are observed y more than a half of the cohort. 
Conclusions: Gastrointestinal symptoms should be considered as a comorbidity in PD patients. They also may play 
a role in the develop of fluctuations.This abstract has been presented at CONy congress held in Madrid 4-7 2019. 
 
 
 
 

2146 
Large Sample Study on Paroxysmal Kinesigenic Dyskinesia: Genotype-Phenotype Analysis and Diagnosis 
Recommendations 
L. Cao, X.J. Huang, S.G. Wang, W.T. Tian, H.D. Tang, J.Y. Shen, C. Zhang, Z.Y. Zhu, F.X. Zhan, X.Q. Che, S.D. 
Chen, X.L. Liu, T. Wang, Y.Q. Xu, H.W. Gui, L. Zheng, L. Wu, T.Y. Rong, M. Zhang, Y. Wang, G.H. Bi, W.G. Tang, 
B.S. Tang, X.M. Yin, X. Mao, S. Zeng, J.L. Wang, J. Li, Q. Liu, X.N. Guo, C.Y. Wang, W. Lu, R.X. Zhang, X.R. Liu, 
Y. Zhang, Z.G. Liu, G.H. Zhao (Shanghai, China) 
Objective: By analyzing nationwide large samples provided by China Paroxysmal Kinesigenic Dyskinesia 
Association(CPKDA), this study is attempted to summarize the clinical phenotypes and genetic features of PKD in 
China and provide new thoughts for diagnosis. 
Background: Paroxysmal kinesigenic dyskinesia(PKD) is defined as a spectrum of involuntary dyskinestic 
disorders of highly clinical significance and genetic heterogeneity. Previous researches have identified mutations in 
gene PRRT2as the major pathogenic factor, but more investigations are required since genotype-phenotype 
correlations of PKD still remains unclear. 
Methods: CPKDA was established in 2018, composed by departments of neurology from over 20 hospitals and 
leaded by the department of neurology, Rui jin Hospital & Rui jin Hospital North, Shanghai Jiao Tong University 
School of Medicine. Files of 688 patients were collected nationwide, recorded and analyzed clinical manifestations 
and PRRT2screening results by using the PKD Registration Form. 
Results: 688 PKD patients, including 28 PKD families, were recruited in the presented study. The mean age of 
onset was 11.69±4.87 years. Five movement-related factors were identified for precipitating attacks of transient 
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involuntary movements or abnormal postures. 38 PRRT2mutations were detected in the enrolled patients and the 
most common mutation is c.649dupC. Compared to non-PRRT2mutation carriers, PRRT2mutation carriers 
presented with younger onset, more likely to have a complicated form of PKD, family history and more forms 
dyskinesia attack. 94.75% patients prescribed with anti-epilepsy drugs acquired satisfying curative effect. However, 
unlike previous diagnostic recommendations, 15.28% patients reported abnormal EEG results. A new form of 
exercise tests, as asking patients to perform high-knee sprints in place, was practiced on 10 patients and receiving 7 
positive response of precipitate transient dyskinesia attacks. 
Conclusions: The sample analyzed in this study is the greatest scale worldwide of research about Paroxysmal 
kinesigenic dyskinesia so far. We proposed a revised diagnostic criteriaof PKD as abnormalities of EEG could be 
present with patients. Meanwhile, a new exercise test, high-knee lifting test, is an efficient method to induce attack 
that helps in diagnosis and differential diagnosis. 

2147 
Autonomic features in E46K-SNCA carriers 
M. Carmona-Abellán, I. Gabilondo, A. Murueta, V. Khurana, R. Luquin, B. Tijero, R. Del Pino, M. Acera, R. 
Sanchez-Pernaute, J.C. Gomez-Esteban (Bilbao, Spain) 
Objective: To evaluate structural and functional integrity of small autonomic nerve fibers and phosphorylated 
alpha-synuclein (p-syn) deposition in the skin of E46K-SNCA carriers as compared to those observed in parkin gene 
mutation (PARK2) carriers and healthy controls. 
Background: In 2004 we described the E46K mutation in the alpha-synuclein gene (E46K-SNCA), a rare point 
mutation causing an aggressive Lewy body disease with early prominent non-motor features and small fiber 
denervation of the myocardium. The skin has become a target for the development of biomarkers in PD, and 
sudomotor function can be affected since early stages of the disease. 
Methods: We studied 7 E46K-SNCA carriers (3 dementia with Lewy bodies, 2 pure autonomic failure (PAF), 1 PD 
and 1 asymptomatic), 2 PARK2 carriers and one healthy control to quantify intraepidermal nerve fiber density and 
p-syn deposition with cervical skin punch biopsies (immunohistochemistry against anti PGP9.5/UCHL-1, TH and p-
syn) and sudomotor function with electrochemical skin conductance (ESC) (SudoScan). 
Results: All E46K-SNCA carriers had moderate to severe p-syn deposits and small fiber neurodegeneration in 
different epidermal and dermal structures including nerve fascicles and glands, especially in carriers with 
predominant autonomic features (PAF), while p-syn aggregates where absent in the healthy control and in one of 
two PARK2 carriers. The severity of the latter skin abnormalities in E46K-SNCA were correlated with sudomotor 
dysfunction (lower ESC) in hands (p = 0.035). 
Conclusions: E46K-SNCA mutation is a suitable model to study small fiber neuropathy in Lewy body diseases and 
small fiber neuropathy is a good marker of peripheral disease in synucleinopathy. 

2148 
Dielectric Properties of a Blood Plasma Predict Motor Deficits in a 6-Hydroxydopamine-Induced Rat Model 
of Parkinson's Disease 
E. Dalle, W. Daniels, M. Mabandla (Durban, South Africa) 
Objective: This study presents a novel method of predicting the behavioral pattern in male Sprague-Dawley rats 
with motor deficits impairment, based on the measurement of the dielectric properties (dielectric constant and 
conductivity) of blood plasma at microwave frequencies at different time points. 
Background: Parkinson’s disease (PD) is a chronic neurodegenerative disease for which there is no cure and no 
single reliable diagnostic test. 
Methods: Thirty (30) rats received an intracerebral injection of the neurotoxin 6-hydroxydopamine (6-OHDA) (5 
µg/4 µl) unilaterally injected directly into the medial forebrain bundle to mimic lesions similar to those observed in 
patients with PD. Ten (10) control rats received 10µl of saline. The forelimb akinesia test was used to evaluate 
motor impairment. Blood plasma was collected for determination of protein activity using a microwave technique. 
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The microwave measurements were performed by the rectangular cavity perturbation method in the S-band of 
microwave frequency with the blood plasma collected from all rats. 
Results: A 6-OHDA lesion effect was evidenced by impairment in the forelimb akinesia test showing greater motor 
deficits when compared to saline-injected rats. We also found a change in the dielectric properties of the 6-OHDA 
samples but not the controls at the extended time point. 
Conclusions: This study provides a new method of detecting motor impairment associated with PD. 

2149 
Misdiagnosis in blepharospasm: the common imitators which should not be missed 
Objective: To describe cases which are mimics and chameleons which were initially confused to be blepharospasm 
and discuss how to diagnose them correctly based on clinical phenomenology 
Background: Blepharospasm is a focal dystonia whose diagnosis is completely clinical with no blood or imaging 
biomarker. We observed that sometimes, patients with other disorders are misdiagnosed as blepharospasm. 
Methods: We retrospectively collected data of patients with other disorders who were misdiagnosed and referred as 
blepharospasm to the movement disorders clinic of Shree Krishna Hospital, a rural medical teaching hospital in 
western India between Jan 2012 to Jan 2019.  
Results: On review of the last 7 years data, we found that of the total 29 patients referred as blepharospasm, 11 
patients [ nearly one-third] had an initial misdiagnosis at referral. Functional blepharospasm was present in 3 
patients. Presence of only frequent blinking and no eyelid contraction, change on diverting attention, suggestibility 
and entrainability suggested functional disorder. 2 patients had ocular myasthenia gravis. Frequent blinking can 
occur in myasthenia as a compensatory adaptation for fatiguability and ptosis which can be misdiagnosed as 
blepharospasm.  Also, one patient referred to us as blepharospasm actually had ocular myasthenia gravis and the 
frequent blinking to compensate for fatigue was misdiagnosed as blepharospasm. 2 patients had ocular pathology 
[chronic dacrocystitis / conjunctivitis] leading to eyelid irritation and frequent blinking. One patient had Sjogren 
syndrome with dry eyes leading to frequent blinking. 2 patients actually had eyelid opening apraxia and had 
presented to ophthalmologists and were referred as blepharospasm, but actually had features of progressive 
supranuclear palsy on detailed evaluation.  
Conclusions: Myasthenia gravis, functional movement disorders, ocular disorders causing eyelid irritation and 
apraxia of eye lid opening can all mimic blepharospasm. Ascertaining frequent eyelid contractions too along with 
frequent blinking, ruling out eyelid fatigue/ irritation and features of functional disorder are important before 
diagnosing blepharospasm. A good and focused clinical examination excluding the above imitators is important in 
all patients referred as blepharospasm. 

2150 
Challenges in Parkinson's Disease Diagnosis in a Patient with Ipsilateral Hemimelia 
G. Fabiani, F. Germiniani, H.A. Teive (Curitiba, Brazil) 
Objective: Our main objective is to demonstrate the challenges involved in the diagnosis of parkinsonism in a 
patient with transverse failure of formation of the upper extremity of the forearm (hemimelia), ipsilaterally to the PD 
signs and symptoms. 
Background: Transverse failure of formation of the upper extremity is also known as congenital amputation. 
They are classified based on the level of amputation when affects the forearm is hemimelia and the arm is 
amelia. The incidence of hemimelia is 1:22000 live births. 
Methods: The case report: This 57-year-old –woman, with left forearm hemimelia, first noted rest tremor on the 
limb with hemimelia couple of weeks following her retirement. Simultaneously she started with local pain on the 
left limb (shoulder and arm). She was evaluated by two orthopedists, one rheumathologist and 2 general 
neurologists. She received the diagnostic of depression, and somatoform disorder. The tremor continued to worse, 
associated with poverty of body movements.  She was attended at our service with the same symptoms and  some 
non-motor symptoms, as REM Sleep Behavior Disorder (RSD) and constipation. Neurological examination 
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demonstrated bilateral bradykinesia, cogwheel sign predominantly on the left side(stump), left side swing reduction 
and unilateral left hemimelia rest tremor. Treatment with Levodopa/Benserazide100/25 mg tid was started with 
excellent response of all the parkinsonian signs. 
Results: The so-called ‘‘jumpy stump’’ used as one example to support the concept that peripheral injury can induce 
movement disorders doesn’t fit in this case, as the patient has an inborn / congenital malformation. As her PD 
symptoms affected ipsilaterally the hemimelia limb, it created some difficulties for the diagnosis. She had two 
important non-motor signs, the RSD and constipation. As expected in PD, she presented an excellent initial response 
to Levodopa. 
Conclusions: We believe that our case might be the first description, video-documented, of a patient with 
hemimelia and ipsilaterally PD signs and symptoms. On the video other specialists might find how we performed 
the neurologic exam and the tips learned with this case. Her parkinsonian symptoms affecting the hemimelia limb, 
created some issues for a faster and more direct diagnosis. 
References: 1) Rayan G.M., Upton III J. (2014) Amelia/Hemimelia. In: Congenital Hand Anomalies and Associated 
Syndromes. Springer, Berlin, Heidelberg 2) Deuschl G, Raethjen J, Kopper F, et al. The diagnosis and physiology of 
psychogenic tremor. In: Hallet M, Fahn S, Jankovic J, Lang AE, Cloninger CR, Yudofsky SC, eds. Psychogenic 
movement disorders: neurology and neuropsychiatry. Philadelphia: Lippincott Williams & Wilkins, 2005:265–73. 3) 
Zadikoff C, Mailis-Gagnon A, Lang AE A case of a psychogenic “jumpy stump” Journal of Neurology, 
Neurosurgery & Psychiatry 2006;77:1101. 

 

2151 
Restless legs syndrome in a patient with hereditary hemochromatosis 
Z. Fatima, S. Wijemanne (San Antonio, TX, USA) 
Objective: We present a case with two disorders, hereditary hemochromatosis (HH) and Restless Legs Syndrome 
(RLS), each related to the two ends of the spectrum of iron metabolism, to discuss the clinical presentation of each 
condition and management conundrums. 
Background: HH is an autosomal recessive disorder of iron metabolism that causes excessive absorption of iron 
from the digestive tract leading to iron overload and end organ damage. Treatment involves repeated phlebotomies 
to remove the excess iron. RLS is characterized by leg paresthesia associated with an urge to move the legs after a 
period of rest or inactivity in the evening. The pathophysiology of RLS is not fully understood but is thought to be 
due to low iron concentration in the brain. 
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Methods: We followed a 60-year-old male with HH homozygous for the C282Y HFE gene mutation complicated 
by end organ damage, who developed severe RLS associated with periodic limb movement disorder after repeated 
phlebotomy when his iron levels dropped to normal levels. There is no prior history of RLS or a family history of 
RLS. 
Results: Our patient had a ferritin level of >9000 ng/mL prior to undergoing therapeutic phlebotomy. He developed 
severe RLS when his ferritin level dropped to 57 ng/mL. His RLS symptoms did not respond to dopamine agonists 
(pramipexole, rotigotine patch), gabapentin, codeine or its combinations. Although phlebotomies were discontinued, 
his ferritin level further dropped to 18 ng/mL due to gastrointestinal bleed which further aggravated the underlying 
RLS. At this point, due to the severity of his RLS, a decision was made to start a short course of oral iron therapy 
with close monitoring of his iron status. As his ferritin level increased, his RLS symptoms responded well to a 
combination of rotigotine patch and gabapentin. 
Conclusions: HH and RLS can coexist in the same patient and close monitoring for RLS may be needed during 
therapeutic phlebotomy. RLS can be resistant to standard medical therapy and a short course of iron may be needed 
to help relieve symptoms. More studies would be needed to better understand the pathogenesis of RLS and its 
relationship to iron. 
References: [1] Wijemanne S, Jankovic J. Restless legs syndrome: clinical presentation diagnosis and treatment. 
Sleep Med 2015;16(6):678-90. [2] Shaughnessy P, Lee J, O'Keeffe ST. Restless legs syndrome in patients with 
hereditary hemochromatosis. Neurology 2005;64(12):2158. 

2152 
Parakinesia brachialis oscitans due to an acute medial cerebral artery stroke 
V. Gadelha, F. Germiniani, M. Lange, F. Nascimento, F. Zorzetto, P. dos Santos, H. Teive (Curitiba, Brazil) 
Objective: To report the case of a patient with a medial cerebral artery acute stroke who developed parakinesia 
brachialis oscitans after thrombolysis. 
Background: Although rare,  parakinesia brachialis oscitans may occur in the acute phase of MCA stroke patients, 
even after thrombolysis. 
Methods: Case report. 
Results: A 65-year-old right-handed smoker woman presented with acute onset dysarthria, left-sided weakness and 
numbness. CT head showed a large stroke in the right MCA distribution and CTA a right M1 segment occlusion 
(figures 1, 2). She received tPA and developed episodes of yawning and involuntary left elbow and wrist flexion in 
association with subtle shoulder abduction (video). In MCA strokes, the circuit of yawning become excitable, 
leading to repetitive yawning. A possible explanation is the impairment of neocortical areas and internal capsule, 
which affects inhibitory pathways and leads to liberation of subcortical structures responsible for yawning. 
Conclusions: In MCA strokes, the circuit of yawning becomes excitable, leading to repetitive yawning and 
concomitant, synergic movements of the plegic upper limb. 
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2153 
Shaking Palsy of the Larynx - a Potential Biomarker for Multiple System Atrophy 
F. Gandor, A. Vogel, S. Ahring, D. Gruber, H.J. Heinze, R. Dziewas, G. Ebersbach, T. Warnecke (Beelitz-
Heilstaetten, Germany) 
Objective: To define a clinical biomarker that allows for early identification of Multiple System Atrophy. 
Background: In its early stages MSA can be difficult to differentiate from idiopathic Parkinson’s disease. Emphasis 
has been put on identifying premotor symptoms to allow for an early diagnosis. The occurrence of vegetative 
symptoms in addition to motor impairment enables the clinical diagnosis in the advanced stages of MSA. Laryngeal 
abnormalities become clinically evident in late MSA stages and can manifest e.g. in laryngeal stridor. Before the 
clinical manifestation of laryngeal dysfunction, abnormal VF motion can already be seen in patients that not yet 
fulfill the diagnostic criteria of MSA. 
Methods: 8 MSA patients according to the Gilman criteria underwent flexible endoscopic evaluation of the 
swallowing (FEES). To assess MSA specific impairment of the laryngopharynx, patients underwent the FEES-
MSA-protocol allowing for a standardized endoscopic evaluation of the pharyngolaryngeal and swallowing 
function. 
Results: 8 MSA patients (4 female) underwent the FEES-MSA-protocol (7 MSA-P, 1 MSA-C). Mean age was 59.9 
± 6.9 years, mean disease duration 3.0 ± 1.2 years. 2 patients showed diurnal inspiratory laryngeal stridor as a 
clinical sign of laryngeal pathology. During FEES, all patients showed irregular arytenoid cartilage movements 
(ACM), 6 at rest and 2  during provoking maneuvers. All patients had glottis opening restriction. 3 patients had 
VF fixation in the paramedian position, 1 showed paradoxical VF motion.5 patients had piecemeal deglutition for all 
consistencies. 7 showed premature spillage. All patients showed pharyngeal phase dysfunction. 6 patients had 
pharyngeal residues in the valleculae. 5 patients showed penetration/ aspiration events. Characteristics of 
pharyngolaryngeal findings did not differ between the MSA sub-types. 
Conclusions: Pharyngolaryngeal abnormalities have a high prevalence in MSA. Our findings suggest that 
characteristic pathologic findings can be revealed on flexible endoscopy before becoming evident clinically. 
Irregular arytenoid cartilages movement (ACM) at rest or with provoking maneuvers might serve as a diagnostic 
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clinical biomarker and facilitate early identification of MSA. We strongly suggest that all patients with suspected 
MSA should undergo FEES using a structured FEES-MSA-protocol to look for disease specific findings that 
support the diagnosis and allow for its earl identification. 

2154 
Fixation suppression the easy way - when nothing else matters 
F. Gandor, M. Tesch, H. Neuhauser, D. Gruber, H.J. Heinze, G. Ebersbach, T. Lempert (Beelitz-Heilstaetten, 
Germany) 
Objective: to validate a simple bedside test to objectify the fixation suppression of the vestibulo-ocular reflex (FS-
VOR) in patients with cerebellar syndrome 
Background: The FS-VOR is a reliable clinical feature to test for cerebellar function, and its disturbance indicative 
of cerebellar pathology. It serves as a valuable clinical test for identifying a subtle cerebellar syndrome, when other 
cerebellar symptoms such as ataxia, dysarthria, dysmetria etc. are not yet fully present. In movement disorders, it 
can serve as an additional feature to differentiate  idiopathic Parkinson's disease from atypical Parkinsonian 
Syndromes such as multiple system atrophy. Gold standard of assessing the FS-VOR is utilizing a video-
nystagmography (VNG) system and an electronic rotary chair. Not only are such devices expensive and need 
expertise in interpreting results, they also are time and personnel consuming. We here describe a bedside test that 
allows for fast, easy to interpret and reliable assessment of the FS-VOR and enables video documentation of the test. 
Methods: The VOR and FS-VOR were assessed in 20 healthy subjects (mean age 56±15, 14 women) and 19 
patients with a cerebellar syndrome (mean age 70±11, 10 women). VNG during a defined rotation speed on a swivel 
chair was compared to a simple self-made bedside test using the video function on a smart phone and asking the 
patient to fix their gaze on the lens whilst being rotated on the swivel chair with a defined speed. Videos were 
assessed by blinded raters and dichotomously rated as normal or pathological FS-VOR. Results were compared to 
the VNG data and reliability calculated. 
Results: VNG in healthy controls showed a sufficient suppression of the horizontal VOR with a reduction of 
nystagmus counts of 95.0% ± 7.2 (mean ± SD), whereas in patients with cerebellar syndrome, reduction of 
horizontal nystagmus counts was only 26.3% ± 25.1. Video analysis by blinded raters showed an excellent inter-
rater reliability of 0.85 (0.76-0.93). Comparison of VNG results to the video ratings showed a very high reliability of 
0.91 (0.84 - 0.96). Sensitivity of the video analysis was 0.92 (0.83-0.96), its specifity 0.99 (0.93 - 1.00). 
Conclusions: The smart phone bedside test is an easily performed, reliable, highly sensitive and specific, and 
inexpensive alternative to video-nystagmography for assessing the fixation suppression of the vestibulo-ocular 
reflex. 

2155 
Oromandibular Dystonia as an Initial Manifestation of Parkinson’s Disease: 2 Case Reports 
F. Gao (San Francisco, CA, USA) 
Objective: We describe an unusual initial manifestation of Parkinson’s disease, consisting of oromandibular 
dystonia. We also discuss the role of DaTscan SPECT imaging in the diagnosis of uncommon presentations of 
Parkinson’s disease. 
Background: Parkinson’s disease is a clinically heterogeneous disorder which typically features a combination of 
cardinal motor symptoms, classically rest tremor, bradykinesia, rigidity, and postural disturbances. However, 
patients can present with a broad range of symptoms that extend beyond these “classic” features. 
Methods: We describe 2 case reports seen recently at our institution. Neither patient had prior dopamine antagonist 
exposures. 
Results: A 78 year old man presented for involuntary jaw opening, side-to-side movements of the tongue, and 
pharyngeal movements while speaking and swallowing for 9 years. He was previously treated with unsuccessful 
trials of trihexyphenidyl and tetrabenazine. His exam revealed subtle right hand rest tremor and bradykinesia. A 
DaTscan showed subtly decreased tracer uptake in the left putamen. We initiated him on levodopa, but he had no 
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response to moderate-high dosages. Most recently, we treated him with botulinum toxin injections to the lateral 
pterygoids and genioglossus. 
A 71 year old woman presented for involuntary jaw opening and tongue movements for 6 years, which started after 
her lower teeth were extracted. The movements caused food to be expelled during chewing. Trials of botulinum 
toxin injection to the genioglossus, clonazepam, trihexyphenidyl, and amantadine were ineffective. Her symptoms 
slowly progressed and she also developed subtle right sided bradykinesia and rigidity. A DaTscan was performed, 
revealing decreased tracer uptake in the left putamen. She was started on low dose levodopa to which she has 
experienced a modest benefit. 
Conclusions: Oromandibular dystonia is a rare form of focal dystonia, and can be either primary (idiopathic) or 
secondary, such as a tardive syndrome or resulting from certain dental cprocedures. However, Parkinson’s disease 
should be an important differential consideration, especially for an older patient with other asymmetric motor 
symptoms. In these clinical scenarios a DaTscan can be useful tool for differentiating parkinsonism from other 
etiologies, and is generally perceived as being clinically helpful for unusual or challenging clinical presentations. 

2156 
Adult-Onset Parainfectious Opsoclonus-Myoclonus: Report of Two Cases 
M.I. Gaston, I. Rubio, J. Muruzabal, R. Larumbe, M. Martin, L. Martinez (Pamplona, Spain) 
Objective: Present two cases of Adult-Onset parainfectious Opsoclonus-Myoclonus Syndrome with fast and good 
recovery 
Background: Adult-Onset Opsoclonus-Myoclonus  (AOMS) is a rare disorder. Two main causes include 
paraneoplasic and parainfectious autoimmune etiology, with demonstrated  or non-demonstrated infection 
(idiopathic);  other nonparaneoplasic/nonparainfectious autoimmune rare cases have been reported . First 
neurological symptoms as dizziness, nausea and/or vomiting, vision abnormalities and vertigo rapidly progress in 
days or weeks to ataxia, opsoclonus, tremor and myoclonus; mood changes or encephalopathy are less frequent. 
Series and cases reviews show low consistence with serum paraneoplasic antibodies, older age and worse clinical 
course in paraneoplasic patients. Early immunotherapy (steroids or/ and IGIV) could be important for 
better  outcome especially in parainfectious  patients. 
Methods: Report of two cases 
Results: Two adults, a 41 years old woman (case 1) and a 37 years old man (case 2) were diagnosed of Opsoclonus-
Myoclonus . Both first presented dizziness, vertigo, nausea and vomiting increasing with movements. Despite 
symptomatic treatment 2 weeks later poor outcome with disruptive ataxia, irregular chaotic saccades, tremor and 
myoclonus was evident. Case 1 added headache and irritability and 1 week before first symptoms a flulike 
syndrome.  Laboratory tests, autoimmunity, antineurpnal and antineuropile antibodies, cerebral MRI, 
thoracoabdominal CT scan were normal,  plus  mammography in case 1 ant body PET in case 2. CSF tests showed 
lymphocytic pleocitosis. Positive IgM antibodies against R. connori were detected in case 2 and  antibiotics were 
given. Parainfectious etiology was postulated in case 1 because of the previous flulike syndrome despite negative 
microbiological tests. After iv 1 g metilprednisolone for 5 days poor improvement was detected, so they received 
IVIG at 2g/kg dose, with positive outcome and total recovery before 3 months. Repeated laboratory test and body 
CT throughout 4 years were normal in case 1. 
Conclusions: AOMS must be investigated for wide autoimmune etiologies including paraneoplasic, 
parainfectious  and other nonparaneoplasic/nonparainfectous causes. 
Early immunotherapy seems to be related to better outcome. 
Taking into account the low consistence between paraneoplasic cases and  serum paraneoplasic antibodies, 
idiopathic cases should be checked throughout 25 years. 
References: Klaus JP et al. Adult-Onset Opsoclonus-Myoclonus Syndrome. Arch Neurol. 2012;69(12):1598-1607. 
Bataller L et al. Clinical outcome in adult onset idiopathic or paraneoplasic opsoclonus-myoclonus. Brain 
2001;124:437-443. 
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2157 
Advanced autonomous motor state detection from wrist-worn sensor in persons with PD 
J. Goschenhofer, F. Pfister, K. Yuksel, J. Thomas, B. Fischl, A. Ceballos-Baumann, U. Fietzek (München, Germany) 
Objective: To explore the advancement of precision and granularity of motor state detection in persons with PD 
(PwP) from wrist-worn sensor data. 
Background: The motor state is a highly relevant construct for the clinical decision taking in PwP: the leitmotif for 
all therapies is to achieve a stable ON condition, while OFF or dyskinetic motor states should be impeded. However, 
motor state assessment is hampered by various bias either from the expert rater or from the patient [1]. Therefore, 
the long-term objective assessment of the motor state is a desirable but unmet need [2]. Previously, we presented an 
algorithm-based approach to estimate a 3-level motor state on a one-minute scale [3]. Here we present further 
methodology and improved results on a more granular data base, i.e. the PD9, a nine-level motor state label. 
Methods: Using the data from the same cohort as described in previous publications, we compared state of the art 
deep learning architectures with traditional statistical as well as machine learning methods. We also applied a cost-
based classification scheme to account for class imbalances and propose a smoothing method as post-processing 
step. We validated the model using a Leave-One-Subject-Out strategy and introduced a customized performance 
measure that reflects the clinical requirements to the model. We discuss the framing of the problem as a 
classification, regression or ordinal regression task. As a further extension of the deep learning models we applied 
transfer learning. 
Results: Despite numerous obstacles, such as class imbalance or data paucity, we were able to achieve a clinically 
relevant generalizing mean absolute error of 0.77 on a metric scale from -4 to +4. For a relaxed prediction where we 
allow the algorithm to miss the PD9-target by one value point, we yield a relaxed accuracy of 87.0% over nine 
classes. We demonstrate four examples, see [Figure 1]. 
Conclusions: Our results indicate that deep learning techniques outperform traditional statistical and machine 
learning models, yielding promising model performance. Also, we show that transfer learning is a valid strategy to 
further boost model performance. The next step is to test the algorithmic motor state description in fresh samples, 
and to implement the data stream technology to make this approach feasible for large data collections. 
References: 1. Colosimo C, Martínez-Martín P, Fabbrini G, Hauser RA, Merello M, Miyasaki J, et al. Task force 
report on scales to assess dyskinesia in Parkinson’s disease: critique and recommendations. Mov Disord. 
2010;25(9):1131–42. 2. Maetzler W, Klucken J, Horne M. A clinical view on the development of technology-based 
tools in managing Parkinson’s disease. Mov Disord. 2016;31(9):1263–71. 3. Um TT, Pfister FMJ, Pichler DC, Endo 
S, Lang M, Hirche S, et al. Parkinson’s Disease Assessment from a Wrist-Worn Wearable Sensor in Free-Living 
Conditions: Deep Ensemble Learning and Visualization. ArXiv180802870 
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2158 
Arm levitation as an early manifestation in MELAS syndrome: A case report 
D. Gunal, I. Midi, E. Erdil (Istanbul, Turkey) 
Objective: Arm levitation in MELAS  syndrome 
Background: MELAS syndrome has broad manifestations including stroke-like episodes, dementia, epilepsy, lactic 
academia, myopathy, recurrent headaches, hearing impairment, diabetes and short stature. Less than 5% of the 
patients is over age of 30 years of age.On the other way, abnormal movements develop as residual complications in 
up to 4% of patients with strokes.  Spontaneous arm levitation is a kind of movement control disorder and often 
presents as apart of alien hand syndrome due to parietal lobe involvement. The predominant movement in arm 
levitation is an involuntary elevation of arm without endorsing any foreignness of the arm. 
Methods: Case 
Results: We present a 34-year-old female with an involuntary arm movement on her left side beginning suddenly 
after a throbbing severe headache episode. The most striking feature of the movement was elevation of her left arm 
spontaneously while taking the history and while walking. She did not express any foreignness to her arm and with 
her other hand she has corrected the posture of elevated arm occasionally. In her first neurologic examination was 
normal except the defined arm levitation on her left side. She had short stature but no hearing loss detected in the 
first examination. Following few days, a kind of regressive behavior type was developed. She had diabetes history 
for more than five years. Her EEG at that time was epilepti-form with moderate localization of the right hemisphere. 
Her blood gases demonstrated high lactate levels. There was no family history of young onset stroke or resistant 
epileptic syndromes. Her first cranial imaging studiesdemonstrated right parietal cortical ischemic lesion convenient 
with diffusion-weighted images. After 5 days when the clinical feature of behavioral abnormality 
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developed, the second imaging studies demonstrated extensive involvement of parietal and occipital lobes. The 
clinical features together with laboratory and imaging data have defined MELAS syndrome. 
Conclusions: Stroke- like episodes are one the cardinal features of MELAS syndrome and temporal, parietal and 
occipital lobes are mostly involved. Spontaneous arm levitation occurring due to parietal lobe involvement was the 
presenting sign in this 34 year-old female patient. The present case was remarkable since arm levitation is not 
reported as an initial finding in MELAS patients but also adult MELAS patients are rare in the literature. 
References: 
IrmadyK,JabbariB,LouisED.Armposturinginapatientfollowingstroke:dystonia,levitation,synkinesis,orspasticity?Tre
morOtherHyperkinetMov.2015; 5. A.W. El-Hattab et al. / Molecular Genetics and Metabolism 116 (2015) 4–12 

 

2159 
Validation of the ‘ecological momentary assessment’ (EMA) method as a tool for daily life monitoring in 
patients with Parkinson’s disease 
J. Habets, M. Heijmans, C. Herff, C. Simons, A. Leentjens, Y. Temel, M. Kuijf, P. Kubben (Maastricht, Netherlands) 
Objective: To validate the ‘ecological momentary assessment’ (EMA) method, also known as the ‘experience 
sampling method’ (ESM), as an instrument to monitor symptoms of PD. 
Background: Intra-day and inter-day fluctuations in e.g. bradykinesia, tremor and postural instability as well as 
many non-motor symptoms often increase with the disease duration of PD.(1)Monitoring these fluctuations in daily 
life is important for therapy evaluation, especially when levodopa-induced dyskinesia or on/off fluctuations are 
suspected. Wearable sensors are increasingly used to overcome the temporal limitations of classical rating scales 
such as the MDS-UPDRS and quality of life scales.(2)However, the interpretation and validation of sensor-based 
monitor methods in home situations is challenging since there is no parallel continuous ‘ground truth’ to compare 
with.(3) 
We introduce the use of EMA to compliment sensor data with the patient’s experience of symptomatology at 
multiple moments daily. 
Methods: Our EMA method, a smartphone-app, asks 25 items covering motor symptoms, subjective burden of 
symptoms, psychological symptoms, side effects and contextual information, 7 times daily at semi-random 
moments. Patients can answer to most items by agreeing on a statement on a 7-point Likert-scale. To avoid recall 
bias and procrastination, the questionnaire has to be opened within 15 minutes. 
We validated our EMA method in a pilot study in which 20 PD patients used EMA combined with wearable sensors 
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for 14 consecutive days. 
We assessed correlations between items that are theoretically expected to correlate (construct validity). 
Results: Items as bradykinesia, tremor, symptom burden, ability to stand, walk or speak, positive and negative affect 
had high correlations in the expected directions (Spearman R = 0.4 – 0.8; all p<0.05) (fig. 1). Analyzing person-
mean centered scores and time-lagged responses, these correlations were still present, however substantially lower 
(Spearman R = 0.1 – 0.4; all p<0.05). 
Conclusions: EMA is able to collect valuable information on patients’ subjective symptom burden and wellbeing in 
the daily life environment and may complement objective sensor data. This may contribute to overcome current 
challenges in the development of valid Parkinson monitoring methods for the daily life environment. 
References: 1. Jankovic J. Motor fluctuations and dyskinesias in Parkinson's disease: clinical manifestations. 
Movement disorders : official journal of the Movement Disorder Society. 2005;20 Suppl 11:S11-6. 2. Thorp JE, 
Adamczyk PG, Ploeg HL, Pickett KA. Monitoring Motor Symptoms During Activities of Daily Living in 
Individuals With Parkinson's Disease. Front Neurol. 2018;9:1036. 3. Rodriguez-Molinero A, Perez-Lopez C, Sama 
A, de Mingo E, Rodriguez-Martin D, Hernandez-Vara J, et al. A Kinematic Sensor and Algorithm to Detect Motor 
Fluctuations in Parkinson Disease: Validation Study Under Real Conditions of Use. JMIR rehabilitation and 
assistive technologies. 2018;5(1):e8. 
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2160 
Postural Instability Assessed by Static and Dynamic Posturography in the Early Stage of Parkinson’s Disease 
A. Hajas, T.W. Stone, E. Dinya, J. Málly (Sopron, Hungary) 
Objective: The early stage of Parkinson’s disease (PD) (Hoehn-Yahr (HY) I-II stages) is characterized by a 
negative pull test, which clinically excludes postural instability. Previous studies with dynamic posturography 
detected balance disturbances even at the onset of the disease, but the age dependency or prediction of dyskinesia 
with dynamic posturography are not known. 
Background: We wanted to know whether the postural instability evoked by dynamic posturography is part of the 
early stage of Parkinson’s disease. How can we provoke the dyskinesia? 
Methods: The postural instability with static and dynamic posturography was studied in 45 patients with PD in their 
HY I, II stages, compared with 35 age matched healthy controls. Eighteen patients with dyskinesia were involved in 
the study and 14 were followed for two years with a new, simpler method for dynamic posturography. 
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Results: The amplitude of oscillations during dynamic posturography was significantly higher in the group under 65 
years than that of age matched healthy controls. The group with PD above 65 years showed significantly worse 
equilibrium assessed by both static and dynamic posturography than the controls. The imbalance of patients with 
dyskinesia was provoked when they held weights (dynamic posturographia) compared to patients with PD without 
dyskinesia. The results were independent of age. 
Conclusions: Postural instability is present in early PD and dyskinesia induces the greatest danger for falling, 
increased by weights but independently of age. 

2161 
A Tale of Two Diseases: Parkinson’s Disease and Epilepsy; Unusual case presentation and Review of 
Literature 
W. Ibrahim (Cairo, Egypt) 
Objective: Here we present Unusual case of Parkinson’s Disease and Epilepsy with Review of Literature 
Background: Idiopathic Parkinson’s Disease (PD) is the second most common neurodegenerative disorder; 
dementia syndromes may also feature other clinical phenomena, including psychiatric symptoms, sleep-related 
disorders, and epileptic seizures. 
Methods: case presentation and review of literature 
Neurodegenerative dementia syndromes may be attended by the occurrence of epileptic seizures widely accepted 
clinical diagnostic criteria for the common dementia subtypes don’t mention epileptic seizures, even as an exclusion 
criterion. 
Table 1: Overview of PD and seizures studies in review of literature 
Results: F.M 52y old male patient, living in Cairo. 
Clinical data figure A & B 
Conclusions: PD patients were at a higher risk of developing epileptic seizures than PD free individuals. 
The presence of PD may also have an effect on the severity of seizures, especially in patients whose PD manifested 
after the onset of seizures. 
Poorly seizure-controlled patients had more aggressive progression of their PD and had more cognitive decline. 
In conclusion, there is limited studies on seizures & PD, and while PD and epilepsy can co-occur unrelated, further 
studies is needed to reach a conclusion about PD and epilepsy correlation. 
References: Larner a J. Epileptic seizures in neurodegenerative dementia syndromes. J Neurol Neurosci. 
2010;1(1:3):doi:10:3823/302. Gruntz K, Bloechliger M, Becker C, et al. Parkinson disease and the risk of epileptic 
seizures. Ann Neurol. 2018;83(2):363-374. doi:10.1002/ana.25157. Son AY, Biagioni MC, Kaminski D, Gurevich 
A, Stone B, Di Rocco A. Parkinson’s Disease and Cryptogenic Epilepsy. Case Rep Neurol Med. 2016;2016:1-4. 
doi:10.1155/2016/3745631 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

 

This article is protected by copyright. All rights reserved.



 

2162 
Evaluation of Device-Assisted Treatment using a wearable accelerometry wrist sensor 
A. Johansson, M. Lundgren, M. Öthman, D. Nyholm (Stockholm, Sweden) 
Objective: To monitor the motor symptoms in patients with device-assisted therapy (DAT, defined as deep brain 
stimulation or infusion with apomorphine or levodopa) before and after the start of DAT to evaluate changes in 
bradykinesia, tremor, dyskinesia and fluctuations. 
Background: In Sweden (population of approximately 10 million inhabitants), around 200 new patients are yearly 
started on DAT, corresponding to around 10% of the incidence of PD. However, there are few published evaluations 
of the patient situation after initial titrations of patients in clinical routine, and no governmental requirements to 
report results. Because the DAT treatments are healthcare demanding and give possibilities for individual fine 
tuning, it would be important to follow patients over time to achieve optimal efficacy of the treatment and improve 
quality of life for the individual patient. 
Methods: This retrospective study of motor symptoms for patients that have received DAT was carried out at 
Karolinska University Hospital and Uppsala University Hospital in Sweden. The inclusion criteria were that the 
patient should have made a movement recording of their motor symptoms before and after DAT initiation. In total, 
25 patients were included in this study up to date. Evaluation of symptoms was made by using a Parkinson 
Kinetigraph, further patients will be included in the interim phase and presented on poster. 
Results: The initial movement recording revealed that 36 % of the patients displayed severe dyskinesia (DKS>9). 
44 % of those patients reduced their amount of dyskinesia after DAT initiation (DKS <9). However, this came with 
increased bradykinetic symptoms (BKS>25) in 75 % of the patients. 32 % of the patients displayed severe 
symptoms of bradykinesia (BKS <25) during their initial movement recording. 13 % of these reduced their 
bradykinesia score after DAT treatment (BKS<25). Fluctuation-dyskinesia scores, time with tremor and time 
immobile are currently analyzed. 
Conclusions: The wrist sensor clearly detects motor differences before and after start of DAT and can be used as an 
adjunct to monitor the effects of DAT. In our cohort, dyskinetic symptoms were reduced upon initiation of DAT but 
bradykinesia scores deteriorated in the majority of patients, revealing the need for health care to follow and titrate 
stimulation and medication of the patients after initiating DAT. 
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2163 
Four square step test in patients with early de novo Parkinson's disease 
J.H. Kim, Y.M. Park, I.S. Kim, S.B. Koh (Seoul, Republic of Korea) 
Objective: The Four Square Step Test (FSST) is brief and easy tool to assess dynamic balance to step over 
hindrance. Originally developed for older adults, the FSST has been widely used in neurological disorders such as 
post-stroke populations or multiple sclerosis. 
Background: The purpose of this study were (1) to verify that individuals with early de novo Parkinson’s disease 
(PD) take more time to perform the FSST and (2) to identify which factors, cognitive status or cardinal motor 
symptom, may contribute more to the FSST performance. 
Methods: 35 PD patients and 17 controls who were diagnosed as essential tremor completed the FSST. PD patients 
included this study were newly diagnosed patients who have never taken dopaminergic drugs and also early stage 
patients who never had history of falling and who’s Hoehn & Yahr Stage (HYS) were within 2.5. The FSST is a 
timed test in which the individual is instructed to as rapidly and safely as possible step clockwise, then counter-
clockwise over a low obstacle placed in a crosswise pattern on the floor. After a one-time rehearsal to make sure the 
participants understand the instructions, two consecutive trials were recorded and the fastest time was selected. 
Unified Parkinson ’s disease Rating Scale(UPDRS), gait analysis by GaitRite (CIR system, Inc.) and MoCA were 
also assessed in PD group. 
Results: There were no significant differences of age and sex between PD and control group. The mean time of 
FSST performance was 8.20±1.61 seconds in PD which is significant difference compared to control group 
(7.13±1.10 seconds, P=0.018). In spearman correlations, MoCA had no significant correlation (rho=-0.015, 
p=0.935). Rather, UPDRS part III total score tend to be correlated (rho=0.307, p=0.073), especially PIGD sub-score 
had strongly significant correlation (rho=0.445, p=0.007). Among temporospatial gait parameters, percentage in gait 
cycle of double support time had significantly associated with FSST performance (rho=0.342, p=0.044), but other 
parameters including velocity or step length didn’t. 
Conclusions: The FSST is a reliable, quick test in those with PD. In early stage, de novo PD patients, the FSST 
performance is contributed by postural instability rather than bradykinesia or executive function. The FSST in the 
clinic can be used easily to assess postural instability and further may help predict falling in early stage of PD. 

2164 
Ipsilesional arm levitation after left hemispheric stroke: a case series 
M. Klarendic, N. Prezelj, R. Berlot, V. Zgonc, M. Kojovic (Ljubljana, Slovenia) 
Objective: We present three patients with left hemispheric stroke and spontaneous ipsilesional arm levitation (IAL), 
a phenomenon not hitherto described. 
Background: Spontaneous arm levitation (AL) is a rare phenomenon consisting of spontaneous elevation of the 
upper limb. AL has been reported in neurodegenerative disorders or contralaterally to vascular lesions. 
Methods: Patients were examined and video recorded. One patient underwent diffusion MRI and transcranial 
magnetic stimulation to measure ipsilateral cortical silent period (iCSP), a parameter of interhemispheric inhibition 
(IHI). 
Results: Patient 1 had ischemic stroke in the left frontal cortex, while Patients 2 and 3 had deep cerebral 
hemorrhage affecting left thalamus [figure1] . All three patients showed spontaneous IAL, noticed already on the 
first day of admission, and moderate to severe contralateral hemiparesis. IAL consisted of elevation of the extended 
left arm, with hand sometimes forming a first [figure2, 3] . The abnormal position could last for minutes and was 
mostly present when patients were drowsy, but not asleep. All patients were able to bring the arm down on request. 
In Patients 1 and 2, IAL ceased after few days, while in Patient 3 it continued for three weeks. In patient 1, iCSP 
over the left hemisphere was absent in the acute phase. At 3 months follow-up iCSP was shorter on the left 
compared to the right hemisphere, suggesting impaired IHI from the left to the right motor cortex. In the same 
patient, MRI tractography revealed morphological asymmetry due to affected interhemispheric fibers in the lesion 
area of the left hemisphere [figure4] . 
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Conclusions: Novel observation is that AL may occur ipsilaterally to the hemispheric lesion. Our hypothesis is that 
IAL results from the functional disinhibition of the non-lesional hemisphere, due to decreased IHI from the lesional 
to the non-lesional hemisphere. The proposed mechanism may be plausible for frontal lobe strokes involving motor 
areas and also for thalamic strokes. Thalamus sends massive excitatory projections to motor and sensory cortices, 
and impairment of these projections may affect motor-motor and parieto-motor IHI, respectively. Loss of 
interhemispheric equilibrium is disadvantageous for stroke recovery.  The recognition of IAL may point toward 
impaired IHI in acute phase of stroke, eventually leading to interventions that are able to restore interhemispheric 
balance. 
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2165 
Medical evaluation as gold standard to control iPrognosis application derived data for early Parkinson's 
disease detection 
L. Klingelhoefer, S. Bostanjopoulou, D. Trivedi, S. Hadjidimitriou, S. Mayer, Z. Katsarou, V. Charisis, M. 
Stadtschnitzer, S. Dias, G. Ntakakis, N. Grammalidis, K. Kyritsis, H. Jaeger, D. Iakovakis, I. Ioakeimidis, F. 
Karayiannis, J. Diniz, A. Delopoulos, L. Hadjileontiadis, H. Reichmann, K. Chaudhuri (Dresden, Germany) 
Objective: A medical evaluation protocol as gold standard for controlling iPrognosis application derived data of an 
international multilingual study. 
Background: Smartphones as daily companions are the digital health tools of the future due to the potential of 
longitudinal, unobtrusive, remote real-life monitoring of people's behavior. In the i-PROGNOSIS project, we 
developed the "iPrognosis" Android smartphone application for unobtrusive remote data collection in the general 
population, with the aim of evolving it into an early Parkinson`s disease (PD) detection tool. Early detection of 
behavioral changes being linked to motor and non-motor symptoms (NMS) of PD allows for timely clinical 
diagnosis which is an unmet need. 
Methods: The medical evaluation protocol is conducted as a prospective longitudinal multicenter study in Greece, 
Germany and United Kingdom involving early stage PD patients and healthy controls (HC), all using the iPrognosis 
app. The study encompasses physician and participant-based scales covering motor, NMS and health related QoL 
with baseline evaluations and six month follow-ups [table 1]. The MDS recommended probability methodology for 
the diagnosis of prodromal PD is estimated (1). The iPrognosis app passively collects participants' behavioral data 
from the daily use of their smartphones, including voice features, accelerometer data for tremor, keystroke timing 
data (2) for brady-/hypokinesia and rigidity assessment. 
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Results: Of 2185 App installations, 1465 participants provided consent and 1266 (214 PD patients, 1052 HC) 
contributed data. So far 70 participants (47 PD patients, 66% male, mean age 61.91±7.63 and 23 HC, 43% male, 
55.96±10.91) underwent a medical evaluation. The age- and sex-matched group of PD patients vs. HC were 
significantly different in, e.g. motor: mean UPDRS part III 17.96±10.45 vs. 2.70±5.17 (p<0.01); NMS: NMSQuest 
6.42±4.35 vs. 3.18±3.29 (p<0.01), HrQoL: PDQ-8 5.64±4.09 vs. 1.86±2.82 (p<0.001). Comparison of clinical gold 
standard with iPrognosis data-based machine learning algorithms showed highest diagnostic accuracy for rigidity 
(0.89), followed by brady-/hypokinesia (0.83) and tremor (0.77). 
Conclusions: Our findings indicate that the i-PROGNOSIS approach is promising as it differentiates PD patients 
from HC as the gold standard clinical evaluation by a movement disorders specialist. 
References: (1) D. Berg et al. MDS Research Criteria for Prodromal Parkinson’s Disease. Mov Disord. 2015 
Oct;30(12):1600-11. (2) D. Iakovakis et al. Motor impairment estimates via touchscreen typing dynamics towards 
Parkinson’s disease detection from data harvested in-the-wild. Front. ICT 2018;5:28. 
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2166 
PARKMIM: A Transversal Pilot Study on Hemihypomimia in Parkinson Disease 
M. Kurtis, C. Gasca, T. Maycas-Cepeda, P. Gomez-Sanchez, L. Lopez-Manzanares, M. Mata Alvarez-Santullano, C. 
Prieto-Jurcczynska, M. Eimil, L. Vela, A. Jimenez-Huete (Madrid, Spain) 
Objective: To describe the prevalence of facial asymmetry due to hemihypomimia in a non fluctuating Parkinson 
disease (PD) cohort and compare it to age-matched controls. To describe correlations between hemihypomima and 
other clinical signs. 
Background: The only reported data on hemihypomimia in PD suggests a prevalence of 6.4% (1). Hemihypomimia 
is defined as decreased mimicry on one half of the face compared to the other side (decreased nasolabial fold, 
drooping of the mouth angle; and/or decreased forehead wrinkles). 
Methods: Transversal and descriptive pilot study including consecutive, non-fluctuating and Hoehn and Yahr stage 
I and II PD patients seen between 2-4/2017 in 8 Spanish movement disorders centers. Age matched controls were 
recruited among unrelated care-givers. The study was approved by the local ethics committee and all participants 
signed informed consent. Demographic data was collected and facial expression was filmed (at rest, showing teeth 
and raising eye brows). Patients underwent MDS UPDRS exam. Consecutive photograms of video recordings at rest 
and during actions were reviewed blindly by 3 neurologists to determine the presence of 
asymmetry/hemihypomimia (if discrepancy, final decision was based on majority). Each subject received three 
evaluations (symmetric/left hypomimia/right hypomimia at rest, showing teeth and raising eye brows) and a global 
score. Fisher’s exact tests were done with R (3.1.2) to explore differences between groups and associations between 
categorical variables. 
Results: 46 patients (mean age 67.4±8.5, age at PD onset 62.5±8.4, MDS UPDRS 25± 10) and 35 controls (mean 
age 65.3±12.4) participated. Global facial asymmetry was more prevalent in PD patients (46.6%) than controls 
(20.6%) (p<0.019). In the control group, facial asymmetry was equally present in the lower and upper face. In the 
patient group, asymmetric facial bradykinesia was more salient in the lower half of the face than the upper face. 
Right and left sided hemihypomimia were similarly prevalent. Among patients with hemihypomimia, 62% had 
upper limb involvement as the first symptom at disease onset. 
Conclusions: In this cohort 1) facial asymmetry was significantly more prevalent in the PD group than in the 
control group, 2) hemihypomimia affected 46.6% of the patients, and 3) was more frequent among PD patients with 
upper limb involvement as the initial symptom. 
References: Ozekmekçi S, Benbir G, Ozdogan FY, Ertan S, Kiziltan ME. Hemihypomimia, a rare persistent sign in 
Parkinson's disease: follow up of 11 patients. J Neurol 2007;254:347-50. 

2167 
Quantifying gait parameters in Parkinson’s disease patients who do and do not exhibit freezing of gait. 
K. Kwei, A. De-La Mora, D. Payne, D. Tomishon, S. Agrawal, N. Vanegas-Arroyave (New York, NY, USA) 
Objective: To determine whether gait parameters in PD patients who have freezing of gait (FOG) differ from those 
who do not. 
Background: FOG is a motor symptom in PD patients that is often refractory to pharmacologic therapy, and leads 
to significant morbidity and mortality as a result of falls, fear of falling, and immobility. Perhaps what makes FOG 
so resistant to treatment is the fact that it seems to be both tied to the severity of other motor symptoms in PD but 
also to levels of anxiety and stress. Traditional DBS targets that can ameliorate other motor symptoms of PD are not 
usually effective in improving FOG, and may even worsen or trigger it. These post-surgical observations suggest 
that the central mechanisms underlying FOG may involve either more or divergent pathways in comparison to those 
thought to be involved in the traditional motor PD symptoms of rigidity and tremor. Studies have compared various 
PD rating scales, patient reported levels of stress, and in-office exams of patients with and without freezing. 
Notably, PD patients can have advanced motor symptoms and never manifest FOG. However, there is still a lack of 
understanding of whether there are specific differences in gait in PD patients who freeze and those who do not. We 
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examined parameters of gait in real-time to better understand the differences between freezing and non-freezing PD 
patients. 
Methods: We recruited PD patients who either reported FOG or had been observed with FOG. Patients were 
recorded on video while walking on an electronic gait mat and wearing a footwear device (SoleSound) developed at 
the laboratory of Dr. Sunil Agrawal to study gait. The SoleSound system is an insole device that has underfoot 
pressure sensors enabling it to examine various spatial and temporal parameters of gait in real time. We are 
comparing gait parameters between patients who freeze and do not freeze while in office, and between patients who 
report freezing and those who do not report freezing. 
Results: We have preliminarily examined 11 PD patients, 4 who exhibited freezing and 7 who did not exhibit 
freezing in office, and found mostly similar gait parameters between the groups. A further 13 PD patients have been 
recruited into the study. 
Conclusions: We are gaining a better understanding of gait characteristics in PD patients who exhibit FOG and 
those who do not using a footwear device that allows us to quantitate various gait parameters. 

2168 
Are we underestimating the dysautonomic burden in GBA related a-synucleinopathies? 
G. Lazzeri, E. Monfrini, I. Trezzi, M. Vizziello, M. Percetti, G. Franco, L. Borellini, A. Arighi, A. Di Fonzo (Milan, 
Italy) 
Objective: The aim of the present study is to understand the prevalence of dysautonomic symptoms in a cohort of 
Italian glucocerebrosidase (GBA) mutated patients with either Parkinson’s disease or Dementia with Lewy Bodies. 
Background: Heterozygote mutations in glucocerebrosidase (GBA) gene are a well-known risk factor for the 
development of a-synucleinopathies. Different reports suggest that GBA-PD patients are likely to develop a more 
severe disease course in terms of motor and cognitive symptoms [1], but less is known about the impact of mutation 
on dysautonomic symptoms. 
Methods: In this retrospective study, all patients with a clinical diagnosis of PD or DLB, evaluated between January 
2012 and January 2019 at the Movement Disorders Outpatient Clinic of the Ospedale Maggiore Policlinico, Milan, 
Italy, and carrying a mutation of the GBA gene, screened and confirmed in our genetic laboratory, were enrolled. 
Overall 31 patients were recruited, of which 18 late-onset PD, 5 early-onset PD and 8 DLB. Clinical-demographic 
data were collected from all available clinical records and updated to the last neurological assessment. 
Results: Among our patients, the most common mutations were E326K, L444P and N370S (see Table1), already 
known to be the most frequent mutations in Italian GBA-PD patients.  Clinical-demographic characteristics of our 
cohort are visible in Table 2. Constipation was the most common dysautonomic symptom (70.8%), while 49.9% of 
patients described urinary disturbs (either urge or incontinence). Symptomatic OH was present in 46.1% of the total 
cohort. Supine hypertension was another common manifestation (57.1%), requiring a double or triple 
antihypertensive therapy in 56.3% of cases. 
Conclusions: Our analysis indicates a moderate impact of GBA mutation on the development of dysautonomic 
symptoms in patients suffering from a-synucleinopathies. 
References: [1] "Parkinson's disease phenotype is influenced by the severity of the mutations in the GBA gene" 
Thaler, Avner et al., Parkinsonism & Related Disorders , Volume 55 , 45 - 49 
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2169 
Predicting the functional impact on the performance of daily activities in people with PD: a novel approach 
based on objective measures obtained by inertial sensors 
K. Lebel, C. Duval, E. Goubault, S. Bogard, P. Blanchet (Montreal, QC, Canada) 
Objective: To predict global motor disabilities using symptomatology assessed with inertial sensors, medication 
regimen, and cognitive deficits through: (1) a clustering method on performance metrics to assess different motor 
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tasks in their capacity to reveal distinctive performance groups; and (2) a multinomial regression model to predict 
the performance group allocation based on the patient’s condition. 
Background: Advances in mobile technologies allow an objective appraisal of the state of the patient, but the sheer 
amount of data produced needs to be carefully examined to ensure that the results are clinically meaningful. 
Methods: 107 patients with PD equipped with a full-body inertial measurement system performed different tasks 
such as eating soup, completing a timed up and go (TUG) and performing the Purdue Pegboard test. Performance 
was assessed using the time required to complete the task, number of errors and number of pins placed. K-means 
method was used for clustering the overall performance. Participants also underwent an evaluation of symptoms 
present. Change point analysis was used to determine at which point a specific symptom modified the group 
performance. A multinomial regression model was then derived using 80% of the data, and validated with the 
remaining 20%. 
Results: Clustering delineated four distinct performance groups: normal behaviour, slightly affected in fine motor 
tasks, affected only in TUG, and affected in all areas. The statistical model revealed that low-level dyskinesia 
increased the likelihood of being in the normal group. Increased postural instability increased the risk of being in the 
group affected in TUG only. Finally, the presence of Amantadine as part of the medication regimen appears to 
decrease the likelihood of being part of the group affected in TUG only or fine motor task. 
Conclusions: This innovative approach takes advantage of the resolution obtained with inertial sensors, while 
addressing the negative impact of having continuous and often non-linear measurements, hence increasing the 
chance to get meaningful answers to important clinical questions. As a result, this approach is considered to be a 
step forward in the development of methods to predict the impact of the disease on a person’s ability to perform 
daily activities based on clinical evaluation and medication regimen. 

2170 
Stiff-Person Syndrome and Limbic Encephalopathy Associated With GAD-antibody: A Case Report 
S.L. LI, Y.M. Yang, H.Z. Guan, X.H. Wan, H.T. Ren (Peking, China) 
Objective: To extend spectrum of glutamic acid decarboxylase(GAD) associated disorders by reporting a case 
Background: GADA associated disorders include a broad and clinically heterogeneous group of conditions. Among 
them, stiff-person syndrome (SPS),cerebellar ataxia(CA) and limbic encephalopathy(LE) are common neurologic 
presentation. So far, more and more cases have showed that multiple neurologic syndromes could occur with anti-
GADA,which can coexist in a single patient with different kinds of combination. 
Methods: A 29-year-old Chinese woman presented with paroxysmal numbness in left-sided limbs, slight memory 
loss and stiffness in trunk 22 months prior to admission,followed by gait problems and stiffness in left leg in 1 
year.Neurological examination showed slight impairment of memory and calculation. Muscle tone increased in left 
limbs with predominance in left lower limb. Pathological signs were not noted. A stiff,split-step gait and 
disturbances of initiating left lower limb were present. Accompanied movements in left arm reduced during walking. 
Cranial nerve function, muscle strength and sensory examination were normal. No ataxia was present. No specific 
history was noted. EEG demonstrated spikes in frontal and temporal lobes with T2/T2flair hyperintensities in 
bilateral hippocampi on brain MR. EMG demonstrated continuous motor unit activity in left sacrospinal muscle and 
left rectus abdominis. A  titer of 1:320 GAD65 was identified in both serum and CSF. Other antibodies such as 
NMDA, AMPA1, AMPA2, GABA2,LGI-1 and CASPR-2 was negative.Tumor markers,organic acids,ANA and 
ENA related autoimmune antibodies were absent.Seizures and motor symptoms relieved after treatment of IVIG and 
continuous glucocorticoid. Titer of GAD65 in serum decreased to 1:100 during follow-up. 
Results: We diagnose the patient as GADA associated neurological syndrome presenting with limbic encephalitis 
and stiff-person syndrome, which responded to IVIG and glucocorticoid. 
Conclusions: LE and SPS associated with anti-GADA could coexist and respond to immunomodulatory therapy. 
References: 1.Damato,V. et al. Mov Disord, 2018. 33(9): p.1376-1389. 2.Incecik, F.et al. Acta Neurol Belg, 2018. 
118(3): p. 411-414. 3.Jung, Y.J.et al.J Mov Disord, 2014. 7(1): p.19-21. 
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2171 
Freezing of Gait in Parkinson's Disease: Risk Factors and Associated Nonmotor Symptoms 
D. Lichter, L. Hershey (Buffalo, NY, USA) 
Objective: To clarify risk factors for, and clinical associations of, freezing of gait (FOG) in Parkinson's disease 
(PD). 
Background: FOG is a disabling and incompletely understood phenomenon in PD. 
Methods: 164 subjects with PD were assessed cross-sectionally with the MDS-UPDRS scale, modified Hoehn and 
Yahr (HY) Stage, MMSE and Clinical Dementia Rating scale. MDS-UPDRS subscores were used to define/rate 
PIGD, tremor-predominant and indeterminate phenotypes, FOG, the Balance-Gait (PIGD minus FOG) score, non-
motor symptoms (nM-EDL) and motor complications (MC). Univariate tests followed by nominal logistic 
regression (Log Regr) were used to determine clinical predictors and associations of FOG. 
Results: FOG affected 64 (39%) subjects, and was associated with HY stage (≥3, p<0.0001), 57 (89%) having 
PIGD. FOG+ subjects were more likely to have MC and a higher levodopa equivalent dose (LED) (p<0.0001). 
Compared with PIGD/FOG- subjects, PIGD/FOG+ subjects had a longer PD duration, higher Bal-Gait score, higher 
LED, more frequent dyskinesias, a higher motor fluctuation impact score and total off score, more frequent 
psychosis and urinary problems and a higher total nM-EDL score, but similar cognitive status. Similarly, relative to 
MC/FOG- subjects, MC/FOG+ subjects were older with a longer PD duration, had a higher LED, higher 
bradykinesia and Bal-Gait scores, more frequent psychosis, urinary problems and orthostatic dizziness, and had a 
higher nM-EDL score, but similar cognition. Compared to PIGD/MC- subjects, PIGD/MC+ subjects were more 
likely to have FOG and anxiety. PIGD score predicted dementia (p<0.0001). Both dementia and cognitive 
impairment (Cog Imp)(nM-EDL) were associated with increased likelihood of FOG in MC- subjects, 48% of whom 
had PIGD, but not in MC+ subjects, 77% of whom had PIGD. By Log Regr, PIGD (p<0.0001), together with either 
MC and Cog Imp (p=0.006 and p = 0.003 respectively) or LED and Cog Imp (p=0.0002 and p=0.01 respectively) 
predicted FOG (p<0.0001). 
Conclusions: In PD: (1) PIGD, MC/LED and Cog Imp are unique risk factors for FOG and may be additive in their 
effects; (2) FOG subjects have more severe motor dysfunction, especially Bal-Gait disorder; (3) FOG is associated 
with increased burden of nM symptoms, especially urinary problems, orthostatic dizziness and psychosis; (4) 
Further studies should clarify the mechanisms by which PIGD, MC and Cog Imp, separately and interactively, may 
predispose to FOG. 

2172 
The Clinical Features of Parkinson’s Disease with 20 Years or More Survival 
J.J. Lin, K.C. Yueh (Nantou, Taiwan) 
Objective: To evaluate the clinical demographic data in Parkinson’s disease (PD) survivors with 20 years duration 
and beyond (PD-20) and investigate the impact of age at onset and disease duration on the clinical picture 
Background: The clinical features of PD-20 are not well characterized because of a limitation of studies reporting 
this subgroup of PD patients. 
Methods: We conducted a retrospective and longitudinal study in a single Movement Disorders Clinic in Taiwan. 
All PD patients included in this study must be both disease duration and duration of following-up in the Clinic with 
20 years or more. Demographics, clinical features and medication data were obtained for their special charts. 
Results: There were 20 PD-20 subjects identified in this study (55% women) representing 3.5% (20/565) of all 
registered PD patients in the Clinic. Subjects were mean age 71.95 years, mean age at PD onset (AAO) was 49.90 
years and mean duration of PD (DPD)  was 22.05 years. There were 8 subjects expired (40%; 74.75 years of mean 
age, 52.63 years of mean AAO and 22.13 years of DPD) and 12 subjects alive (60%; 70.08 years of mean age, 48.08 
years of mean AAO and 22.10 years of mean DPD). The majority (90%) had 20-25 years of PD duration, the longest 
duration being 31 years. Fourteen subjects (70%) had resting tremor as their initial presentation of PD and another 6 
subjects had akinetic-rigidity. There were median Hoehn and Yahr stage 4 and 70% were comorbid dementia an 
mean duration of 22 years followed-up. Eighty percent of PD-20 subjects had motor fluctuations and 55% had 
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dyskinesia. There were a lot of non-motor symptoms presenting in PD-20 subjects including constipation (95%), 
depression/anxiety 90%, insomnia (85%), dementia (80%), orthostatic hypotension (75%), freezing (65%), falls 
(55%), hallucination/delusion (50%), REM-sleep behavior disorder (50%).. etc. The majority (75%) were living at 
home and required a caregiver. 
Conclusions: We concluded that PD-20 subjects should be an elite subgroup of patients with early-onset disease, 
which is associated with a more benign course. The age at onset and initial presenting symptom are the main 
predictors of developing a long-term PD survivors. Interventions for caregivers of PD may reduce their 
psychological burden and improve quality of living activity of patient. 
References: 1. Cilia R, Cereda E, Klersy C, Canesi M, Zecchinelli M, Mariani CB, et al. Parkinson’s disease 
beyond 20 years. J Neurol Neurosurg Psychiatry 2015;86:849–855. 2. Hassana A, Wu SS, Schmidt P, Simuni T, 
Giladi N, Miyasak JM, et al. The profile of long-term Parkinson’s disease survivors with 20 years of disease 
duration and beyond. J Parkinson Dis 2015;5 313–319 

2173 
Predicting the efficacy of STN-DBS in patients with different Parkinson’s disease motor subtypes by 
preoperative total and partial levodopa response 
G.H. Lu, Z.X. Yin, Y.W. Jin (Nanchang, China) 
Objective: To better investigate the value of the challenge test by introducing total and partial LR, and explain the 
clinical significance of 30% LR through diagnostic analysis. 
Background: Subthalamic nucleus-deep brain stimulation (STN-DBS) and L-dopa are two main therapies for 
Parkinson's disease (PD). The acute L-dopa challenge test is regularly conducted to screen potential DBS 
beneficiaries and 30% L-dopa response (LR) is a well-recognized cut-off point. However, the mismatch between 
preoperative LR and real DBS efficacy can be commonly seen in the single-symptom-dominated (SSD) patients. 
Methods: Patients receiving  UPDRS-III and PDQ-39 evaluation were classified into three groups: tremor-dominant 
group (TDG), akinetic-rigid-dominant group (ADG), and mixed group (MG). A cut-off value for determining STN-
DBS benefit (good response or fair response) was calculated through meta-analysis. For patients in each group, total 
and partial LR acted as predictors in turn to diagnose percentage improvement of UPDRS-III and PDQ-39: TU 
represented the combination of total-LR~UPDRS-III, TP represented total-LR~PDQ-39, PU represented partial-
LR~UPDRS-III and PP represented partial-LR~PDQ-39. Areas under curve (AUCs) were calculated and compared 
through DeLong test for various diagnostic combinations. The clinical significance of 30% LR was also analyzed by 
comparing sensitivity and specificity. We further conducted a sensitivity analysis. 
Results: Overall, 147 patients were included in the study. The average follow-up is 5.6 months. Though meta-
analysis , the average short-term improvement of UPDRS-III and PDQ-39 after STN-DBS is 49.8% and 30.7% 
respectively. Of all patients, the AUCs of TU and TP was 0.748  and 0.639 respectively. The sensitivity and the 
specificity of 30% LR was 96.0% and 9.6% for TU and 95.6% and 12.5% for TP. When comparing different 
diagnostic combinations, PP had significantly larger AUC than TP in the ART group (p = 0.017). In the sensitivity 
analysis, PP was close to significantly better than TP in the TDT group (p = 0.053). Other comparisons showed no 
significance. 
Conclusions: As an indication of surgery ,30% is of good clinical value. TU is more appropriate when it comes to 
predicting improvements in motor scores .As for the improvemrnt of QOL, subscore of challenge test is 
recommended , especially for  the  ART patients. 
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2174 
The spectrum of involuntary vocalizations in humans 
T. Mainka, B. Balint, F. Gövert, L. Kurvits, C. van Riesen, A. Kühn, M. Tijssen, A. Lees, K. Müller-Vahl, K. Bhatia, 
C. Ganos (Berlin, Germany) 
Objective: To provide a detailed overview of the wide spectrum of involuntary vocalizations in humans, their 
etiologies and treatment recommendations. 
Background: Abnormal vocalizing behaviors are typically associated with tic disorders, notably Tourette 
syndrome. However, they may also be encountered throughout the entire tenor of neuropsychiatric disorders, to 
include movement disorders, dementing and neurodevelopmental syndromes, as well as functional neurological 
disorders and epilepsy. Although, in many of these disorders abnormal vocalizations will often be only one feature 
from a range of abnormal motor behaviors and clinical signs, in some cases they may constitute the sole clinical 
finding. Here, their early recognition and appropriate classification are paramount to guide diagnostic reasoning and 
inform therapeutic decisions. However, clinical literature on the topic, including video-documented cases is 
surprisingly scarce. 
Methods: Data from five expert centers of movement disorders were pooled. Cases of patients, where involuntary 
vocalizations predominated clinical presentation and where video material was available were collected. We also 
reviewed the literature in order to identify the range of possible etiologies associated with the different types of 
vocalizing behaviors and to explore treatment options. 
Results: We classified involuntary vocalizations within the following categories: 1. Tics and tic-like vocalizations, 
including pali-, echo- and coprolalia, as well as klazomania. 2. Vocalizations related to stereotypies. 3. Vocalizations 
as part of chorea, dystonia or other dyskinesias 4. Continuous vocalizations such as groaning, moaning, grunting and 
shrieking. 5. Vocalizations resembling physiological reflexes. 6. Vocalizations as part of startle syndromes, ictal 
phenomena and sleep-related behaviors. Illustrative video-based examples are provided. A list of possible etiologies 
for the different vocalizations and a diagnostic algorithm are presented. Treatment options are discussed. 
Conclusions: The range of involuntary vocalizations in humans is broad. Correct phenomenological classification is 
necessary to guide diagnosis and appropriate treatment selection. 

2175 
Freezer or non-freezer: what is in between? 
M. Mancini, K. Smulders, S. Stuart, R. Morris, F. Horak, J. Nutt (Portland, OR, USA) 
Objective: This study aimed to characterize turning performance and clinical characteristics in people with definite, 
probable or no Freezing of Gait (FoG) in a cohort of people with Parkinson’s disease (PD). 
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Background: FoG is common and debilitating in people with Parkinson’s disease (PD). Both clinical decision-
making and pathophysiology research are based on classification of patients as ‘freezers’ or ‘non-freezers’.The 
question is whether these states are clearly distinct or there is a continuum of freezing with progressive worsening. 
We recently introduced an objective measure of FoG, FoG Ratio, based on the ratio of leg frequencies (0.5-3Hz and 
> 3 Hz) during a 360° turning in place task. Higher leg frequencies represent freezing, which could be helpful in 
tracking a potential continuum spectrum from absent to severe FoG. 
Methods: One hundred and forty-seven people with PD (Age: 69±8) off medication, and eighty-three healthy 
controls (Age: 68.5±8) turned 360° in place for 2 minuteswhile wearing three wearable sensors (one on each shin 
and one on the waist)that were used to calculate FoG Ratio. People with PD were classified as: ‘definite freezers’, 
new FoG questionnaire (NFOGQ) score >0 and clinically observed FoG (N=42, MDS-UPDRS III: 48±13), ‘non-
freezers’, NFOGQ=0 and no FoG clinically observed (N=81, MDS-UPDRS III: 36±11); and ‘probable freezers’, 
either NFOGQ>0 but no FoG observed or NFOGQ=0 but FoG observed (N=24, MDS-UPDRS III: 43±9). To 
investigate whether the FoG Ratio differed between groups, linear mixed-models were fit accounting for disease 
severity (MDS-UPDRS Part III) as a covariate. 
Results: A significant group effect (p<0.05) was found for FoG Ratio during turning. Figure 1 shows that FoG Ratio 
during turning was significantly higher in people with definite FoG compared to non-freezers (p<0.001), similar 
among people with probable FoG and non-freezers (p=0.10) as well as between people with probable FoG and 
definite FoG (p=0.04). In addition, FoG Ratio in both definite and probable FoG was higher than in healthy controls 
(p<0.01). 
Conclusions: These preliminary findings suggest that an increase in FoG Ratio, objectively assessed with wearable 
sensors during a turning in place test, may be of help in characterizing people with PD transitioning from non-
freezers to freezers. Future work is needed to examine video recordings and understand if there is a spectrum of FoG 
Ratio across the groups with higher FoG Ratio indicating more severe FoG. 
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2176 
Prevalence and associated risk factors of early morning off among the patients with Parkinson’s disease in 
China 
W. Mao, C. Han, J. An, Z. Liu, P. Chan (Beijing, China) 
Objective: To explore the prevalence and associated risk factors of early morning off (EMO) among outpatients 
with Parkinson’s disease (PD) in China. 
Background: PD is the second most prevalent neurodegenerative disease in elders in China.EMO has been 
recognized as one of the motor fluctuations in PD and occurs in 59.7% of PD patients in Europe. However, the 
prevalence and related risk factors of EMO in China remain unclear. 
Methods: Outpatients with idiopathic PD diagnosed based on the criteria set by Movement Disorder Society in 
2015 and received dopaminergic therapy were recruited from 54 centers. All the PD patients who met the inclusion 
criteria were screened to identify the presence of EMO using established criteria. The prevalence of EMO and 
corresponding 95% confidence intervals (CIs) at different stages of PD were estimated. Both univariate and 
multivariable logistic regression analyses were performed to identify risk factors associated with EMO onset and 
estimate their odds ratios (ORs). 
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Results: 680 PD patients with a mean age of 63.9 ± 9.35 years and a median H-Y stage of 2 (1.5, 2.5) were 
included. EMO was diagnosed in 227 patients aged 65.2 ± 8.97 on average with a median H-Y stage of 2.5 (2, 3). 
The prevalence of EMO was 33.4% (95%CI: 29.8%-36.9%) in the total population and increased with H-Y stage 
(Figure 1). The common MS and NMS during EMO periods have also been showed in Figure 2 and Figure3. Aging, 
longer disease duration, advanced H-Y stage, poor nighttime sleep, and increased awaking times were significantly 
associated with increased EMO risk. However, after adjusting for other factors, only H-Y stage and nighttime sleep 
quality remained significantly associated with EMO risk. Compared with mild PD patients, moderate PD patients 
were at 73% higher risk of developing EMO (OR, 95% CI: 1.73, 1.17-2.54), with a non-significantly but 
consistently increased risk of 67% (OR, 95% CI: 1.67, 0.63-4.40) among severe PD patients. The ORs of developing 
EMO among PD patients with general or poor nighttime sleep were 2.21 (95% CI: 1.41-3.52) and 3.66 (95% CI: 
2.22-6.09) respectively, comparing with those with good sleep. 
Conclusions: EMO is common in Chinese PD patients and proved to be associated with many MS and NMS at high 
rates. Patients with advanced PD stage and poor sleep quality are confronted with much higher risk of developing 
EMO comparing with their counterparts. 
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2177 
Diagnosing Dementia with Lewy Bodies - Characterizing the prevalence and underlying relationships 
between core and supportive clinical features 
E. Matar, K. Ehgoetz Martens, G. Halliday, S. Lewis (Sydney, Australia) 
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Objective: To characterize the interrelationship between core and supportive features of Dementia with Lewy 
Bodies, and identify optimal methods for their detection to inform better future diagnostic algorithms. 
Background: The recent consensus criteria for DLB distinguishes between key core and supportive clinical features 
to aid diagnosis, yet the relationship between these variables and the optimal methods for detecting them has not 
been addressed. In this study we assessed all of the core and supportive features in a single cohort. We evaluated the 
suitability of our assessment battery with respect to cognitive screening tests and core variables and derived 
symptom clusters to help guide future diagnostic approaches in the clinic. 
Methods: The clinical and neuropsychological profile of 27 prospectively recruited participants diagnosed with 
probable DLB and 25 age-matched controls was characterized according to the most recent consensus criteria. 
Symptoms were scored using a novel combination of established clinical and research instruments. 
Results: Prevalence of all core and supportive features were obtained. Factor analysis between all core and 
supportive features revealed six independent factors accounting for 81.3% of the total variance contributing to 
diagnosis. Novel relationships within clusters were identified between hallucinations, cognitive fluctuations and 
excessive daytime somnolence; REM sleep behavior disorder (RBD) and postural hypotension, as well as 
Parkinsonism and urinary disturbance. Predominantly ‘prodromal’ symptoms including mood and early 
neuropsychiatric features were represented in the remaining factors. Receiver operator characteristic analysis of 
cognitive and clinical assessment tools reinforced the MOCA (AUC=0.96; 95%CI: 0.91-1.00) as a suitable 
screening tool for cognitive impairment with specific subsections correlating strongly (p<0.001) with expected 
cognitive domains on formal neuropsychometric testing. The potential utility of the UPDRS and RBD screening 
questionnaire for detecting core features of DLB are discussed and a novel DLB-Parkinsonism scale is proposed to 
aid diagnosis (AUC=0.94; 95% CI: 0.81 – 1.00). 
Conclusions: Identification of latent relationships between core and supportive features and standardized screening 
methods for their detection are presented. These findings can be used to inform future diagnostic algorithms. 

 

This article is protected by copyright. All rights reserved.



 

2178 
Correlation between substantia nigra measurement and UPDRS 
N. Mohammadzade, F. Omrani, A. Habibi (Tehran, Islamic Republic of Iran) 
Objective: Parkinson is mainly developed due to neurodegeneration of substantia nigra pars compacta (SNpc).the 
aim of our study was to check if there is any correlation between the size of SN and UPDRS. 
Background: Since substantia nigra is the main affected part in Parkinson disease; if some similarity was found 
with UPDRS points; it may be used as a definite monitoring tool to assess disease progression in Parkinson patients. 
Accordingly in current study the substantia nigra measurement was compared with UPDRS in Parkinson patients. 
Methods: In this descriptive comparative cross-sectional study 60 consecutive idiopathic Parkinson 
patients attending to a general training hospital in 2015 were enrolled. The patients underwent trans-cranial Doppler 
ultrasonography via temporal bone window by single blind neurologist with Phased-Array Ultrasound System with 
2.5 MHZ transducer and penetration depth of 14 to 16 centimeter to measure SN size which was compared with 
UPDRS. 
Results: The results revealed that mean SN size was not significantly differed (P=0.377) according to dyskinesiaand 
freezing grading (P=0.781). SN size was not correlated to UPDRS (P=0.381; r=- 0.115). 
Conclusions: Totally, according to this study, it may be concluded that there is no significant correlation between 
substantia nigra measurement and UPDRS. 
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2179 
Activity of Cerebral Networks, Amyloid and Microglia in Corticobasal Syndrome: the ActiGliA study 
C. Palleis, J. Levin, M. Brendel, L. Beyer, B.S. Rauchmann, S. Loosli, E. Wlasich, K. Boetzel, A. Danek, R. 
Perneczky, C. Haass, G. Hoeglinger (Munich, Germany) 
Objective: The purpose of this prospective cohort study is to analyse the topographical and temporal relationship 
between cerebral microglia activity changes, network degeneration and atrophy in context of CSF and blood 
biomarkers over 18 months disease course. 
Background: Corticobasal Syndrome (CBS) is a rare clinical condition defined by signs and symptoms of cortex 
and basal ganglia dysfunction.  Neuropathological diagnoses in CBS most frequently are the 3-repeat/4-repeat 
tauopathy Alzheimer’s disease (AD; 25%), or the 4-repeat tauopathies Corticobasal Degeneration (CBD) and 
Progressive Supranuclear Palsy (PSP), respectively. Ante-mortem diagnosis of these entities is challenging. 
Biomarkers are needed to establish a reliable diagnosis and to track disease progression. Microglia have been shown 
to be dysfunctional in AD, CBD and PSP. However, the chronology of microglia dysfunction, cerebral atrophy and 
functional and structural connectivity remains unclear. 
Methods: We aim to generate comprehensive clinical assessment, multimodal prospective in vivo imaging and 
blood and CSF biomarker data in 30 CBS patients, fulfilling either the MDS criteria for suggestive or possible PSP-
CBS or the Armstrong Clinical Research criteria for possible or probable CBD-CBS. TSPO PET (18F-GE180) 
targets the 18kDa translocator protein expressed in activated microglia. 18F-Flutemetamol PET is used to detect β-
Amyloid depositions indicative of possible AD pathology. MPRAGE, DTI and RS-fMRI demonstrate structural and 
functional connectivity as well as regional atrophy in the brain. Patients are examined at baseline and after 18 
months. This cohort is embedded in the interdisciplinary AD study “Activity of Cerebral Networks, Amyloid and 
Microglia in Aging and Alzheimer‘s Disease”. 
Results: So far, 26 patients have been recruited. We will show cross-sectional baseline results. In our cohort, we 
have identified less AD typical pathology in CSF and imaging than expected (15%). TSPO PETs showed microglial 
activation in 96%. 
Conclusions: With this study, chronological and topographical relationship of microglia activation, cerebral atrophy 
and changes in functional and structural connectivity in CBS are explored in a multimodal manner. We aim to 
further understand the role of neuroinflammation in the pathogenesis of CBS and its pathological sub-forms, with 
either underlying AD-pathology or 4R-tauopathy. 

2180 
Impulse control and repetitive behavior disorders are more common in PD patients with levodopa-induced 
dyskinesias 
F. Paolini Paoletti, N. Tambasco, G. Cappelletti, P. Eusebi, S. Simoni, P. Nigro, E. Brahimi, M. Filidei, P. 
Calabresi (Perugia, Italy) 
Objective: Our aim was to evaluate the prevalence of impulse control and repetitive behavior disorders (ICRB) in 
patients affected by Parkinson's disease (PD) with and without levodopa-induced dyskinesias (LID). 
Background: Dopaminergic replacement therapy is the backbone of treatment in PD. However, over time it is 
associated with the development of behavior and motor complications represented by ICRB and LID, respectively. 
An increasing risk of ICRB and LID co-occurrence has been previously suggested in PD [1]. 
Methods: 55 PD patients affected by LID and 62 PD patients without LID were recruited from our Movement 
Disorders Centre. Motor impairment and disease-related disability were evaluated by using Hoehn and Yahr (H&Y) 
scale. For each patient Levodopa Equivalent Daily Dose (LEDD) and Dopamine Agonists Equivalent Daily Dose 
(DAED) were calculated. ICRB were tested by means of Impulsive-Compulsive Disorders Questionnaire-Rating 
Scale (QUIP-RS). 
Statistical analysis was performed by using Spearman coefficient for associations between continuous variable and 
Chi-square test for categorical variables. 
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Results: In our cohort the overall prevalence of ICRB was 41% (95% CI = 32% to 50%). The prevalence of ICRB 
was higher in patients with LID compared to those without LID (58% vs 26%, p<0.001). We did not find any 
correlations between QUIP-RS and disease duration, H&Y, LEDD and DAED. 
Conclusions: Our study suggests that ICRB are more common in PD patients with LID, in line with previous 
literature [2]. Findings such these strengthen the idea that behavior and motor complications of dopaminergic 
replacement therapy share underlying pathophysiological mechanisms. 
References: [1] Voon V et al. Impulse control disorders and levodopa-induced dyskinesia in Parkinson’s disease: an 
update. Lancet Neurol. 2017 Mar;16(3):238-250. [2] Biundo R et al. Impulse control disorders in advanced 
Parkinson's disease with dyskinesia: The ALTHEA study. Mov Disord. 2017 Nov;32(11):1557-1565. 

2181 
Unilateral leg tremor on sitting crossed-legged position as the initial manifestation of Parkinson's disease 
I. Park, W. Yoon (SEOUL, Republic of Korea) 
Objective: Our aim is to report an unusual case of initial manifestation of Parkinson's disease, which showed 
unilateral leg tremor on sitting crossed-legged position on the floor. 
Background: Unilateral leg tremor in specific position of Parkinson's disease has very rarely reported, and 
unilateral leg tremor on sitting crossed-legged position on the floor associated with Parkinson's disease have not yet 
been reported. 
Methods: Single case report. 
Results: A 76-year-old woman referred to us due to unilateral leg tremor. Her neurological examination revealed 
not only unilateral, right-sided leg tremor on sitting crossed-legged position on the floor, but also unilateral mild 
parkinsonism. 18F-FP-CIT PET imaging show moderate to severe reduction of FP-CIT binding in bilateral posterior 
putamen, more severe in left, and so she was diagnosed as Parkinson's disease. After medication with levodopa and 
dopamine agonist, symptoms of leg tremor and mild parkinsonism improved markedly. 
Conclusions: For now, we report for the first time a rare initial manifestation of early-stage of Parkinson's disease 
presenting unilateral leg tremor on sitting crossed-legged position on the floor. As like this case, if there are 
abnormal unilateral leg tremor on sitting crossed-legged position on the floor regardless of accompanying with other 
parkinsonism, it should be considered diagnosis of Parkinson's disease. 

2182 
Paresthesia and gait impairment in a patient with advanced Parkinson disease-case report 
I.E. Petre, M. Marian (Bucharest, Romania) 
Objective: Our main objective is to illustrate different etiologies for paresthesia and gait impairment that can occur 
in a patient with Parkinson disease. We present the case of  a 60-year-old Caucasian man with advanced Parkinson’s 
disease in treatment with levodopa-carbidopa intestinal gel infusion (LCIG), that came to our hospital at his last 6 
month follow up complaining of paresthesia at his lower limbs and gait impairment. 
Background: Parkinson's disease (PD) is a long-term degenerative disorder of the central nervous system, that 
affects predominately dopamine-producing neurons and can generate both motor and non-motor symptoms. 
Methods: The clinical examination revealed anesthesia for vibratory and mioartrokinetic sense in both of his lower 
limbs. Regarding BP, he had short episodes of  bradykinesia and dystonia in off with a UPDRS score of 37 point in 
on. The paraclinic tests performed to determine the etiology of paresthesia consisted in blood tests, cerebral CT 
scan, EMG and lombar IRM. Because the blood concentration of vitamin B12 was low we tested the antibodies 
against parietal cell and intrinsec factor that excluded Biermann anemia and performed an EMG that showed a 
moderate motor and sensitive axonal polyneuropathy. The normal cerebral CT scan excluded an upper motor neuron 
disease and the lombar IRM although showed a L1-S1 disc herniation with L3 radicular contact, the symptoms did 
not respect the radicular distribution and so it was excluded a posterior spinal cord column lesion. 
Results: The particularity of this case is illustrated by the etiology of the gait disorder and the false positive 
Babinski sign that in the end turned out to be dystonic postures in the off periods. 
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Another interesting aspect illustrated by this patient is the relationship between Parkinson disease- vitamin B12 
deficiency- polyneuropathy. 
Conclusions: All Parkinson patients exposed for a long period of time to high doses of dopaminergic medications 
that show signs of polyneuropathy should be tested for vitamin B12 deficiency, although it is said that this can be 
consider non-motor manifestation and sign of disease progression. 
References: 1. Ashour R, Tintner R, Jankovic J. Striatal deformities of the hand and foot in Parkinson’s disease. 
Lancet Neurol 2005;4:423– 431. 2. Schrag A, Trimble M, Quinn N, Bhatia K. The syndrome of fixed dystonia: an 
evaluation of 103 patients. Brain 2004;127: 2360 –2372. 3. Peripheral neuropathy in Parkinson’s disease: Levodopa 
exposure and implications for duodenal delivery-Parkinsonism and Related Disorders 19 (2013) 501e507 Thomas 
Müller a, *, Teus van Laar b , David R. Cornblath c , Per Odin d , Fabian Klostermann e , Francisco J. Grandas f , 
Georg Ebersbach g , Peter P. Urban h , Francesc Valldeoriola i , Angelo Antonini j 4. Brain Behav. 2017 May; 7(5): 
e00698. Effects of levodopa/carbidopa intestinal gel versus oral levodopa/carbidopa on B vitamin levels and 
neuropathy- Sebastian Loens, 1 Elena Chorbadzhieva, 1 Alexandra Kleimann, 2 Dirk Dressler, 1 and Christoph 
Schrader 1 5. Peripheral nervous system involvement in Parkinson's disease: Evidence and controversies C. Comi a, 
c, * , L. Magistrelli a , G.D. Oggioni a , M. Carecchio a , T. Fleetwood a , R. Cantello a , F. Mancini b , A. Antonini 
d- Journal of Neurology December 2006, Volume 253, Supplement 7, pp vii38–vii41| Cite as Weight loss in 
Parkinson’s disease 6. Effects of levodopa/carbidopa intestinal gel versus oral levodopa/carbidopa on B vitamin 
levels and neuropathy:-Sebastian Loens1 | Elena Chorbadzhieva1 | Alexandra Kleimann2 | Dirk Dressler1 |Christoph 
Schrader1: Brain and Behaiviour 7. Actualitati in diagnosticul si tratamentul Bolii Parkinson- Ovidiu Bajenaru, ed 
Media Med Publicis 2010 8. Adams and Victor’s principles of neurology 

2183 
Unilateral Leg Freezing in Moyamoya Syndrome 
R. Phattranonuthai, S. Frucht, P. Termsarasab (Bangkok, Thailand) 
Objective: To report unilateral leg freezing in a patient with moyamoya syndrome. 
Background: Angiographic moyamoya is characterized by severe bilateral distal carotid stenosis with “puff-of-
smoke” collateral vessels. The etiology can be idiopathic (moyamoya disease), or secondary to other causes 
including atherosclerosis (moyamoya syndrome). 
Methods: Case report. 
Results: A 68-year-old Thai man with hypertension, diabetes and dyslipidemia initially developed acute left 
hemiparesis and facial weakness in 2005, and was diagnosed with ischemic stroke in the left middle cerebral artery 
territory. Detailed vascular studies were not performed at that time. He gradually recovered within a month, but had 
residual left hemiparesis (MRC grade 4). In 2015, after a mechanical fall, he developed stepwise progression of his 
gait. He denied problems with hand coordination, speech or swallowing. His mind remained clear. He did not seek 
medical attention until a year ago. Brain MRI revealed extensive subcortical white matter ischemic changes, more 
severe on the right. MRA demonstrated angiographic moyamoya, worse on the right. Given his age and vascular risk 
factors, this was likely due to intracranial atherosclerosis. Examination revealed lower body parkinsonism 
manifesting as freezing of gait (FOG), predominantly affecting the right leg, especially during gait initiation and 
turns, but also when walking straight. Base was wide. FOG was improved with visual and auditory cues. Despite left 
hemiparesis, there was no FOG of the left leg on the exam. There were no parkinsonian features in his arms and 
face. Leg movements were relatively good in seated position, compared to when walking, compatible with lower 
body parkinsonism. Given no response to levodopa 600 mg/day, pramipexole was added. A neurointervention for 
angiographic moyamoya were also recommended to prevent further vascular insults. However, this was unlikely to 
reverse his FOG from existing ischemic lesions. A video will be demonstrated. 
Conclusions: Our case demonstrates unilateral right leg freezing as a unique phenotypic variant of lower body 
parkinsonism in the setting of moyamoya syndrome, likely secondary to intracranial atherosclerosis. This report 
expands movement disorders associated with moyamoya. Recognition of this phenomenology can be useful for 
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searching an underlying vascular etiology, moyamoya syndrome in this case, which can have an impact on further 
management to prevent further vascular insults. 

2184 
How Commonly Does Parkinson’s Disease Present with Dystonia? 
P. Popa, C. Brown, C. Henchcliffe, H. Sarva (New York, NY, USA) 
Objective: To review dystonia as the presenting feature of Parkinson’s disease (PD).   
Background: Dystonia in PD is most commonly described as a levodopa complication. It can also be a presenting 
feature, but although recognized in parkin PD this is not well-studied in PD in general. 
Methods: We identified English language publications using the terms “dystonia in PD,” “levodopa-induced 
dystonia,” “dystonia in young-onset PD,” and “autosomal recessive forms of PD” from PubMed, excluding atypical 
and secondary parkinsonism. 
Results: We included 67 papers comprising 731 affected patients. Of these, 62 had autosomal recessive PD (mostly 
parkin) and 669 had IPD, with duration 0-28 years. Mean age was 61 years (34 papers), with male to female ratio 
168: 147 (36 papers). 16% developed dystonia prior to PD diagnosis, with average time from diagnosis of dystonia 
to PD of 7.25 years. Foot dystonia was most common as a presenting feature, both in IPD and parkin PD. Standard 
PD and dystonia therapies were used to treat the dystonia, but foot dystonia was inconsistently levodopa responsive. 
Conclusions: Dystonia as a presenting feature of PD occurred in approximately 16% of PD patients with dystonia in 
this systematic review.  We suggest the need for increased awareness of dystonia in PD to potentially make earlier 
diagnoses, and to identify an opportunity for improved treatment. Further studies are required to determine disease 
course in those who present with dystonia compared to other PD phenotypes. 
References: Elia AA, Del Sorbo F, Romito LM et al. Isolated limb dystonia as presenting feature of parkin disease. 
J Neurol Neurosurgery Psychiatry. 2014; 85: 827 Tolosa E and Compta Y. Dystonia in Parkinson's disease. Journal 
of Neurology. 2006; 253: Supplement 7 

2185 
Clinical Management of Incipient Wearing-off with the 19-Items Wearing off Questionnaire (WOQ-19) 
V. Puente Périz, I. Navalpotro Gómez, A. Crespo Cuevas, A. Puig Pijuan, A. Fernandez Lebrero, D. Lahoz 
(Barcelona, Spain) 
Objective: To evaluate the use of the 19-items Wearing off Questionnaire (WOQ-19) to detect fluctuations in 
patients with non-advanced Parkinson's disease (PD) and to evaluate the response to clinical management. 
Background: The onset of Fluctuations in PD is related to severity, duration of the disease and total dose of 
levodopa (1,2). Fluctuations can appear during the first years and have a negative impact on the quality of life (5). 
Questionnaires such as WOQ-19 have been shown to be better than anamnesis to detect early fluctuations (3,4). 
WOQ-19 may be useful for the clinical management of early fluctuations. 
Methods: Patients with idiopathic PD without fluctuations or dyskinesia, who expressed complaints about poor 
control of their symptoms, were consecutively selected.A detailed anamnesis was performed in search of motor or 
non-motor fluctuations. The WOQ-19 was performed in all patients. When fluctuations were detected, a treatment 
adjustment was made according to the usual clinical practice and the patient’s characteristics. Three months later 
patients where re-evaluated using WOQ-19 
Results: A total of 32 patients (14 women) were included. They had a mean age of 72 years (± 7.3), mean duration 
disease was 5.8 years (± 2.65). Mean H&Y was 2 (± 0.4). Anamnesis was positive in 4 patients (12%), negative in 
29 cases (87%). WOQ-19 detected fluctuations in 18 patients (54%). An average of 3 fluctuating symptoms per 
patient was detected. Motor fluctuations were more frequent than non-motor fluctuations (42 vs.13). The detection 
of fluctuations led to a modification of the treatment in 16 patients (50%). (ICOMT (3), Safinamide (10), or more 
levodopa (3) was added). In 10 patients 62.5% total or partial control of fluctuations was achieved. In 4 patients 
there was no improvement. 
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Conclusions: In our experience, the systematic use of WOQ-19 increased the detection of fluctuations by 50%, as 
described by other authors. In our experience of clinical practice, the increased detection of early fluctuations 
improved the clinical management of our patients. We think that the use of these questionnaires improves the 
management of patients with non-complex Parkinson's, but more evidence is needed to adopt a consensus like this. 
References: 1. Warren Olanow C, Kieburtz K, Rascol O, Poewe W, Schapira AH, Emre M, et al. Factors predictive 
of the development of Levodopa-induced dyskinesia and wearing-off in Parkinson's disease. Mov Disord.(2013) 
28:1064–71. 2. Cilia R, Akpalu A, Sarfo FS, Cham M, Amboni M, Cereda E, et al. The modern pre-levodopa era of 
Parkinson’s disease: insights into motor complications from sub-Saharan Africa. Brain. 2014;137:2731–2742. 3. 
Martinez-Martin P, Tolosa E, Hernandez B, Badia X. Validation of the ‘‘QUICK’’ questionnaire—a tool for 
diagnosis of ‘‘wearing- off’’ in patients with Parkinson’s disease. Mov Disord. 2008;23: 830–836. 4. A. Antonini, P. 
Martinez-Martin, R. K. Chaudhuri et al., “Wearing-off scales in Parkinson’s disease: critique and 
recommendations,” Movement Disorders, vol. 26, no. 12, pp. 2169–2175, 2011. 5. Stocchi F, Antonini A, Barone P, 
et al. Early detection of wearing off in Parkinson disease: The DEEP study. Parkinsonism Relat Disord 
2014;20:204-211. 
 

2186 
Substantia Nigra (SN) Hyperechogenicity as seen in Transcranial Sonography (TCS) is a reliable disease 
progression marker from Stage I to Stage II in Early Onset Parkinson's Disease (EOPD) 
S. Ravi, V. Shivkumar, D. Dang, T. Gilmour, A. Espay, J. Wang, T. Subramanian, K. Venkiteswaran (Hershey, PA, 
USA) 
Objective: To test the hypothesis that SN hyperechogenicity seen in transcranial sonography (TCS) can be used as a 
reliable disease progression marker from stage I (unilateral parkinsonism) to stage II (bilateral parkinsonism) in 
EOPD patients. 
Background: EOPD patients require close monitoring for disease progression since they are at a higher risk for 
treatment related complications. SN hyperechogenicity, an established biomarker to differentiate PD from other 
forms of parkinsonism, has been shown to remain stable with an area >0.2cm2 in advanced PD patients (≥H&Y 
stage II). 
Methods: 44 EOPD patients in Hoehn and Yahr (H&Y) Stage I as determined by the Unified Parkinson’s Disease 
Rating Scale (UPDRS) in the “off” or drug naïve state (performed by a rater blinded to the TCS) were followed 
every 6 months. All UPDRS sessions were videotaped and verified by a blinded second movement disorders 
specialist with nearly 100% interrater reliability for H&Y staging.The sonographer was screened from knowing the 
patient’s clinical condition. A video z-stack of each SN was obtained and largest area of SN hyperechogenicity was 
quantitated on de-identified clips by a blinded technologist. SN hyperechogenicity >0.2 cm2 were classified as 
significant on each side. 
Results: At V1, hyperechogenicity that met >0.2cm2 was found exclusively on the contralateral SN of 44 subjects. 
Mean contralateral and ipsilateral SN hyperechogenicity was 0.268 ± 0.0582 cm2 and 0.146 ± 
0.0493 cm2 respectively. Mean side-specific UPDRS Part III score was 7.034 ± 2.716 on the affected side and 
0.1818 ± 0.4458 on the unaffected side. By 540 days post V1, 67.57% of the patients (N=37) had hyperechogenicity 
>0.2cm2 ipsilaterally and 13.51% (N=37) were classified as Stage II. By 720 days, 37 subjects had bilateral SN 
hyperechogenicity, whereas only 17 subjects had clinically progressed to stage II. It was also observed that 
ipsilateral SN hyperechogenicity gradually increased >0.2cm2 prior to developing stage II disease on UPDRS 
testing in the “practically defined off state” in all subjects as determined by the blinded rater. 
Conclusions: Our findings demonstrate the usefulness of SN hyperechogenicity as a biomarker for EOPD 
progression from stage I to stage II providing a useful surrogate to test disease modification therapies and for 
predictive counselling of patients. 
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2187 
Satisfaction with care in late stage Parkinson’s disease 
K. Rosqvist, P. Hagell, S. Iwarsson, M. Nilsson, P. Odin (Lund, Sweden) 
Objective: To assess satisfaction with care in patients with late stage Parkinson’s disease (PD) and to identify 
factors associated with patient satisfaction with care. Moreover, to assess informal caregivers’ satisfaction with 
support and to identify factors associated with caregivers’ satisfaction with support. 
Background: In the late and most severe stage of PD, both motor and non-motor symptoms (NMS) are pronounced 
and the patients become increasingly dependent on help from others in their daily life. Consequently, there is an 
increasing demand on health and social care resources for these patients and support for their informal caregivers. 
Increased knowledge regarding factors associated with satisfaction with care and support in late stage 
PD could serve as an important base for optimizing health and social care for this patient group. 
Methods: The sample consisted of 107 late stage PD (i.e., Hoehn and Yahr [HY] stages IV-V) patients in Sweden 
and their informal caregivers (n = 76). Satisfaction with care/support was assessed by a study specific question with 
five response categories, which were dichotomized as satisfied (very satisfied or satisfied) and not satisfied (neutral, 
unsatisfied or very unsatisfied). Factors potentially associated with satisfaction with care/support were assessed and 
entered into multivariable logistic regression analyses. 
Results: Fifty-eight (59%) of the patients and 45 (59%) of the informal caregivers reported satisfaction with their 
overall care/support. Patients satisfied with their care reported higher independence in activities of daily living 
(ADL) (Katz ADL index; P = 0.044), less depressive symptoms (GDS-30; P = 0.005) and higher individual quality 
of life (QoL) (SEIQoL-Q; P = 0.036). Multivariable logistic regression analyses identified satisfaction with care as 
negatively associated with depressive symptoms (P = 0.015) and positively associated with independence in ADL (P 
= 0.025). For informal caregivers, the analyses identified satisfaction with support as positively associated with 
patient HY stage (P = 0.005) and negatively associated with caregiver QoL (ACQLI; P = 0.012).  
Conclusions: The results indicate that an effective both pharmacological and non-pharmacological PD therapy is 
important; to adequately treat motor and NMS (e.g., depressive symptoms) in order to improve depressive 
symptoms and patient independence in ADL. This may benefit not only the patients, but also their informal 
caregivers. 

2188 
Moaning: genetic analysis of a family with eight affected members 
M. Rossi, M. Gisatulin, C. Perandones, C. Klein, M. Merello, K. Lohmann (Buenos Aires, Argentina) 
Objective: To report the clinical and genetic evaluation of a five-generation family with eight members exhibiting 
moaning. 
Background: Moaning is characterized by low-tone abnormal involuntary, purposeless and inappropriate 
phonations. It has been described in patients with Parkinson’s disease (PD)1 and atypical parkinsonism2 and is 
occasionally associated with pain or the use of levodopa3. Heterozygous mutations in the NEFH gene are 
responsible for axonal Charcot-Marie-Tooth disease type 2CC. To date, there was no prior association between 
moaning and variants in this gene. 
Methods: Neurologic examinations were conducted on the index patient and five relatives, including a total of four 
affected. Exome sequencing was used in three affected family members to identify rare, protein-changing variants 
shared by all three family members. Sanger sequencing was used to validate six candidate variants for segregation in 
all six available family members. 
Results: Moaning was reported in eight members in five generation in this family. The proband had mild PD 
without cognitive impairment and showed excellent response to levodopa. Moaning appeared more than 20 years 
prior to the PD diagnosis. Her deceased mother and grandfather, as well as three sons, one daughter and one 
grandchild also had moaning for several years. None of them had PD or any other neurological disorder. Moaning in 
all affected members occurred intermittently at variable daily frequency, lasted many seconds and was not related to 
pain. The proband and her affected daughter had normal electromyography and nerve conduction studies. A rare, 
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heterozygous variant (c.735C>G, p.Ile245Met) was found in NEFH, in all available affected but in none of the 
unaffected family members. This variant was the best candidate based on stringent filtering criteria including in-
silico prediction and expression pattern. There was no neuropathy in the proband. 
Conclusions: The members of this family affected with moaning carried a variant in NEFH in the absence of 
neuropathy. If the variant is linked to the moaning remains elusive. Alternatively to a genetic cause, moaning may 
be considered as a type of stereotype and explained by an over-learning process as described for tics or echopraxia 
of stereotypes. Finally, a functional cause of moaning in this family cannot be ruled out. Further genetic studies in 
individuals with moaning are warranted. 
References: [1] Lim SY, Tan AH, Lim JL, Ahmad-Annuar A. Purposeless Groaning in Parkinson’s Disease. J Mov 
Disord. 2018;11:87-88. [2] Stamelou M, Rubio-Agusti I, Quinn N, Bhatia K. Characteristic constant groaning in late 
stage progressive supranuclear palsy: a case report. Parkinsonism Relat Disord. 2011;17:575–576. [3] Ishii K, 
Kumada M, Ueki A, Yamamoto M, Hirose H. Involuntary expiratory phonation as a dose-related consequence of L-
dopa therapy in a patient with Parkinson's disease. Ann Otol Rhinol Laryngol. 2003;112:1040-1042. 

2189 
A randomised rater-blinded study of motor consequences of inactivity in Parkinson’s disease revealing a new 
phenomenon: Stasis Induced Akinesia 
M. Schumacher, S. Tisch (Sydney, Australia) 
Objective: To evaluate experimentally the effects of prolonged sedentary inactivity on Parkinson’s disease (PD) 
motor function. 
Background: A frequently described but hitherto unreported symptom among PD patients is that of temporary 
slowness of movement following a period of prolonged sitting. PD patients report a generalised slowness 
characterised by difficulty arising from sitting and walking, which improves spontaneously after 2 to 15 minutes. 
This phenomenon seems to occur at all stages of PD, irrespective of medication state, and can be clinically 
significant with regard to patient mobility and function. We propose the term Stasis Induced Akinesia (SIA) to 
describe this novel phenomenon. 
Methods: To assess the SIA phenomenon, a rater-blinded randomised controlled study was performed using 
validated clinical assessment tools. 19 PD patients and 6 healthy age-matched controls were included in this study. 
Patients were assessed ON medication and evaluated before and at 0 Mins, 5 Mins and 15 Mins after randomly 
being assigned to either sit or stand for an hour using the Timed Up-and-Go (TUG), the Timed 20 Metre Walk, and 
the MDS-Unified Parkinson’s Disease Rating Scale 3 (MDS-UPDRS3). The nonparametric Friedman’s test was 
used to determine the change in mobility over time. 
Results: A significant worsening in mobility was observed in PD patients assigned to sitting from a mean baseline 
TUG time of 10.70±3.12 seconds to a time of 12.61±5.68 seconds immediately post-intervention (18% increase, 
p=0.019). This was corroborated by the Timed 20 Metre Walk, from a mean baseline time of 18.34±4.84 seconds to 
a time of 19.95±6.47 seconds at 0 Mins (9% increase, p=0.003). Similarly, there was significant worsening in motor 
symptoms amongst PD patients assigned to sitting, as measured using the MDS-UPDRS3, from a mean baseline 
score of 12.90±5.69 to a score of 18.30±8.38 after intervention (42% increase, p=0.001). 
Conclusions: We observed in support of SIA a temporary worsening in motor function amongst PD patients after a 
period of sedentary inactivity but no worsening after an equal period of standing. SIA may be an under-recognised 
contributor to motor disability, particularly because it appears to occur even in the best medication state. Further 
validation of SIA is necessary to understand its pathophysiology and develop strategies to minimise its functional 
impact. 

2190 
Kinetic Sensors for Ambulatory Gait and Balance Evaluation in Parkinson’s Disease 
K. Sharma, A. Cucca, R. Sills, J. Jung, A. Feigin, M. Biagioni (New York, NY, USA) 
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Objective: To explore the applicability of an ambulatory inertial sensor (G-walk) to characterize gait function 
during the Timed Up and Go (TUG) Test. 
Background: In Parkinson’s disease (PD), treatment management is essentially based on clinicians’ exam and 
patients-reported outcomes. Ambulatory inertial sensors allow for more objective, non-invasive, wireless 
transmission of quantitative data and therefore, may represent an advantageous tool in ambulatory settings. 
Methods: Nineteen (19) PD patients (H&Y <4) and 10 age-matched controls (CTRL) were consecutively enrolled 
to undergo inertial TUG (iTUG) testing under three experimental conditions: normal walking (iTUGnorm), dual task 
walking (iTUGcog), and at maximum speed (iTUGfast). The time needed to complete each test was sub-divided into 
six distinct phases: sit-to-stand (1), forward gait (2), mid-turn (3), return gait (4), end-turn (5) and stand-to-sit (6). 
Other assessments included UDPRS Part III, MoCA, depression, fatigue, and Benton visual test. 
Results: A total of nineteen PD patients and ten CTRL completed all assessments. One-way ANOVA and 
correlation analysis were performed. Different patterns of kinematic performance were observed. In PD, iTUG 
correlations were found with cognitive function, visual performance, and motor severity, while in HC there was a 
correlation with motor performance only. iTUGfast performance seemed more sensitive experimental condition 
when PD was stratified by severity. 
Conclusions: iTUG assessed by an ambulatory inertial sensor is a quick, sensitive and feasible tool for objective 
measurements of functional mobility in PD. Utilizing validate tests for mobility and gait under different stress 
condition can provide distinct  information of gait function and mobility. Future longitudinal studies are warranted 
to better characterize the sensitivity to disease progression and the potential for monitoring and optimizing 
therapeutic interventions in this patient population. 
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2191 
Slow-Motion Analysis of Repetitive Tapping (SMART): a pilot study of a new measurement of bradykinesia 
C. Simonet, M.A. Galmes, J. Bestwick, A. Schrag, A. Lees, A.J. Noyce (London, United Kingdom) 
Objective: To assess repetitive tapping movements (RTM) using a slow motion camera and compare them with a 
clinician visual impression in people that have been risk stratified for future Parkinson’s in the PREDICT-PD study. 
Second, to compare the RTM in these participants to the RTM in PD patients. 
Background: Bradykinesia is the defining motor symptom in Parkinson’s disease [1]. The standard rating method 
for bradykinesia is a qualitative clinician assessment of repetitive movements, in particular when performing a 
tapping test. The variation between examiners is a limitation to assessing this feature. 
Methods: This is a cross-sectional study based on RTM motor assessment using a slow motion camera and clinician 
impression using motor score of the Unified Parkinson's Disease Rating Scale (UPDRS). Two patients with PD (a 
75-year old man and a 70-year old woman) and 35 healthy controls (males =, females=, age 75 ± 5) were included 
for comparison. For each participant, finger tapping were recorded during 20 s using a smartphone at 240 frames/s 
(slow motion capture). All the videos were analysed using novel Python scripts (a general-purpose programming 
language). The distal segments of first and second fingers were tracked using the discriminative correlation filter 
with channel and spatial reliability [2]. Two kinetic parameters were analysed: amplitude between fingers and 
frequency (number of taps/s). Linear regression was used to determine the trend of movement over time [graph 1]. 
Results: Patient 1 and 2 had a 5 and 2-year history of PD, respectively. On the examination, both asymmetric 
parkinsonism. In the ‘off’ state, their UPDRS-III overall scores were 45 and 47, respectively; and they scored 2 and 
3 in finger tapping section of the UPDRS on the most affected side respectively. 
In healthy controls, the average of UPDRS-III overall score was 4 ±4. Patients with PD had greater decrement in 
amplitude than controls (-2.4 and -3.1 versus -0.3). No differences in decrement in frequency were observed 
between the two groups were found: -0.2 and 0.05 in PD patients vs -0.2 in controls. 
Conclusions: The preliminary results suggest it is an accessible way to quantify the kinetic parameters of repetitive 
movements. In particular, decrement in amplitude seems useful to differentiate both groups. Future directions will 
be to study if this method is able to detect subtle motor changes in early stages of PD. 
References: [1] Sahay A, Duker AP, Payne M, et al. The modified bradykinesia rating scale for Parkinson’s disease: 
Reliability and comparison with kinematic measures. Mov Disord. 2011 Aug 15;26(10):1859-63. [2] Lukežič A, 
Vojíř T, Čehovin Zajc L, Matas J, Kristan M. Discriminative Correlation Filter Tracker with Channel and Spatial 
Reliability. Int J Comput Vis. 2018;126(7):671-688. doi:10.1007/s11263-017-1061-3. 

 

2192 
An explorative study on the value of clinical features for diagnosing Parkinson’s disease 
S. Suwijn, R. De Bie (Amsterdam, Netherlands) 
Objective: To investigate the usefulness of clinical features to differentiate subjects with “scans without evidence of 
dopaminergic deficit” (SWEDD) from patients presumed to have Parkinson’s disease (PD). 
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Background: To date, PD remains primarily a clinical diagnosis. An accurate diagnosis may be challenging, 
especially in early stages.1,2 Misdiagnosis occurs in 5-25% of the patients.3 Among patients enrolled in clinical 
trials or imaging studies for PD that undergo dopamine transporter single photon emission computed tomography 
imaging (DAT SPECT), 1-15% have SWEDD.4,5 
Methods: This study was an ancillary study to the LEAP trial; a randomized delayed-start trial.6,7 Patients were 
eligible for the LEAP trial if they had received a diagnosis of PD within the past two years and if they had 
insufficient disability to warrant treatment with antiparkinson medication. Patients were excluded from the ancillary 
study if they had a DAT SPECT prior to recruitment in the LEAP or if they used medication interfering with DAT 
binding. After inclusion, DAT SPECT imaging was performed and a comprehensive neurological examination, 
focused on parkinsonism (Table 1), was recorded on video. A panel of 6 neurologists in training (NT), 6 general 
neurologists (GN), and 6 movement disorders experts (MDE) analyzed the videos for the presence or absence of 
specific signs, while blinded for the imaging results. The raters were also asked if they suspected the subject to have 
a normal or abnormal DAT SPECT imaging. All raters received the same ten videos consisting of all SWEDD 
subjects and a random sample of PD patients. The panel did not now the ration of SWEDD/PD patients in the 
videos.   
Results: Ten participants were included in this ancillary study (Figure 1). The baseline characteristics are shown in 
table 2. SWEDD subjects were correctly identified in 41.2% of the cases. NT correctly identified 50.0% (median, 
range 0-70%), GN 33.3% (0-66.7%), and MDE 66.7% (0-100%) of the SWEDD subjects. The overall intraclass 
correlation coefficient (ICC) of the individual items is poor to moderately with ICCs ranging from 0.14 till 0.67 
(Table 3). 
Conclusions: The panel consisting of NT, GN, and MDE could not reliably identify SWEDD subjects among 
patients with PD based solely on video assessment. Inter-rater agreement is poor to moderately regardless of the 
level of expertise. 
References: 1. Litvan I, Agid Y, Calne D, Campbell G, Dubois B, Duvoisin RC, et al. Clinical research criteria for 
the diagnosis of progressive supranuclear palsy (Steele-Richardson-Olszewski syndrome): report of the NINDS-
SPSP international workshop. Neurology. 1996;47(1):1-9. 2. Rajput AH, Rozdilsky B, Rajput A. Accuracy of 
clinical diagnosis in parkinsonism--a prospective study. Can J Neurol Sci. 1991;18(3):275-8. 3. Newman EJ, Breen 
K, Patterson J, Hadley DM, Grosset KA, Grosset DG. Accuracy of Parkinson's disease diagnosis in 610 general 
practice patients in the West of Scotland. Mov Disord. 2009;24(16):2379-85. 4. Bajaj NP, Gontu V, Birchall J, 
Patterson J, Grosset DG, Lees AJ. Accuracy of clinical diagnosis in tremulous parkinsonian patients: a blinded video 
study. J Neurol Neurosurg Psychiatry. 2010;81(11):1223-8. 5. Marek K, Seibyl J, Eberly S, Oakes D, Shoulson I, 
Lang AE, et al. Longitudinal follow-up of SWEDD subjects in the PRECEPT Study. Neurology. 2014;82(20):1791-
7. 6. Verschuur CVM, Suwijn SR, Boel JA, Post B, Bloem BR, van Hilten JJ, et al. Randomized Delayed-Start Trial 
of Levodopa in Parkinson's Disease. N Engl J Med. 2019;380(4):315-24. 7. Verschuur CV, Suwijn SR, Post B, 
Dijkgraaf M, Bloem BR, van Hilten JJ, et al. Protocol of a randomised delayed-start double-blind placebo-controlled 
multi-centre trial for Levodopa in EArly Parkinson's disease: the LEAP-study. BMC Neurol. 2015;15:236. 
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2193 
Accelerometer-Based Gait Analysis for Patients with Parkinson’s Disease 
S.-T. Tang, C.-H. Tai, Y.-H. Lai, T.-C. Lee (Taoyuan, Taiwan) 
Objective: The study is to develop an accelerometer-based gait analysis for the patients with Parkinson’s disease, 
which would provide timely complete gait information following the treatment process. 
Background: The most of patients with Parkinson’s disease experience walking and balance problem, which could 
occur in different stage. The gait impairment is more than an annoying symptom; it is also an important evaluation 
for treatment. The fact that gait analysis can only be performed in a clinical setting makes it inconvenient to assess 
patient status. It also prevents to realize the patient’s complete gait statuses. 
Methods: The accelerometer deployed in this study was the Xsens® MTW wireless motion tracker, which can 
measure linear acceleration in three dimensions. The developed gait analysis includes freeze of gait (FOG), gait 
rhythm, gait variability, and gait asymmetry. The Gaussian continuous Wavelet transform is used to process the 
accelerometer signal, which detect the initial contact time and final contact time between foot and floor, and then the 
rhythm, variability, and asymmetry are achieved [1, 2]. The FOG is examined in terms of the freezing index (FI) and 
energy index (EI), derived from the power spectrum density of the acceleration signals, wherein the power spectra of 
the acceleration signals can be separated into an FOG band and a normal gait band [3]. 
Results: Clinical trials have been approved by the Institutional Review Board of National Taiwan University 
Hospital that admits to recruit 24 subject patients. The preliminary trials with 4 subjects revealed that the EI and FI 
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differ from subject to subject. This would necessitate the formulation of individual measurement baseline. Results in 
more subjects are necessary to facilitate baseline analysis. 
Conclusions: Gait analysis basing on accelerometer would free from healthcare professionals and institutes, and the 
gait analysis of the Parkinson’s patient would be held even at home. And then would provide more comprehensive 
gait information timely, which could greatly assist physicians in the formulation of precise treatment plans, thereby 
reducing side effects and improving the patient’s quality of life. 
References: 1. Del Din, S., Godfrey, A., & Rochester, L. (2015). Validation of an accelerometer to quantify a 
comprehensive battery of gait characteristics in healthy older adults and Parkinson’s disease: toward clinical and at 
home use. IEEE Journal of Biomedical and Health Informatics, 20(3), 838–847. doi: 10.1109/JBHI.2015.2419317 2. 
Godfrey, A., Lara, J., Munro, C. A., Wiuff, C., Chowdhury, S. A., Del Din, S., ... Rochester, L. (2015). Instrumented 
assessment of test battery for physical capability using an accelerometer: a feasibility study. Physiological 
Measurement, 36(5), N71–83. 3. Moore, S. T., MacDougall, H. G., & Ondo, W. G. (2008). Ambulatory monitoring 
of freezing of gait in Parkinson’s disease. Journal of Neuroscience Methods, 167(2), 340–348. 

2194 
Relationship between daily physical activity measured by a triaxial accelerometer and motor symptoms in 
patients with Parkinson’s disease 
H. Terashi, H. Mitoma, T. Taguchi, H. Aizawa (Tokyo, Japan) 
Objective: The aim of the present study was to perform quantitative assessments of daily physical activity using a 
triaxial accelerometer (MIMAMORI-Gait) and determine the associations of daily physical activity with motor 
symptoms in treatment-naive patients with early-stage Parkinson’s disease (PD). 
Background: In recent years, advancements in wearable technology and connected devices, including those with 
built-in inertial sensors, such as accelerometers or gyroscopes, have enabled the clinical evaluation of PD. With 
these wearable sensors, the patient’s daily living conditions can be continuously monitored and objectively assessed 
in a relatively simple manner at all times and places. 
Methods: The subjects were 50 consecutive patients with untreated early-stage PD free of dementia (29 men and 21 
women; age, 65.7±6.5 years). The daily physical activity was measured with the portable MIMAMORI-Gait device, 
and its association with the modified Hoehn and Yahr stage and UPDRS part II and III scores was analyzed. In this 
study, 15 healthy volunteers were also examined under the same standards as the patients with PD, and served as the 
control group. 
Results: In patients with PD, the daily physical activity measured with MIMAMORI-Gait (0.43±0.12 m/sec2) was 
significantly lower than that in healthy controls (0.65±0.22 m/sec2). The daily physical activity was significantly 
associated with the UPDRS part II score (b=-0.506, p<0.001) and part III score (b=-0.347, p=0.010) even after 
adjustment for age, sex, and disease duration, but not with the modified Hoehn and Yahr stage. 
Conclusions: The daily physical activity measured with a triaxial accelerometer can be potentially used for 
evaluation of motor symptoms and activities of daily living in PD patients. 
References: 1. Mitoma H, Yoneyama M, Orimo S. 24-hour recording of parkinsonian gait using a portable gait 
rhythmogram. Intern Med 2010, 49, 2401-8. 2. Yoneyama M, Kurihara Y, Watanabe K, Mitoma H. Accelerometry-
based gait analysis and its application to Parkinson's disease assessment--part 1: detection of stride event. IEEE 
Trans Neural Syst Rehabil Eng 2014, 22, 613-22. 3. Yoneyama M, Kurihara Y, Watanabe K, Mitoma H. 
Accelerometry-based gait analysis and its application to Parkinson's disease assessment- part 2: a new measure for 
quantifying walking behavior. IEEE Trans Neural Syst Rehabil Eng 2013, 21, 999-1005. 4. Yoneyama M, Mitoma 
H, and Okuma Y. Accelerometry-based long-term monitoring of movement disorders: from diurnal gait behavior to 
nocturnal bed mobility. J Mech Med Biol 2013, 13: doi:10.1142/S0219519413500413. 

2195 
Stability and reliability of objective measures of speech in Parkinson’s Disease over 12 months 
A. Vogel, M. Magee, J. Tamplin, C. Marigliani, F. Baker, M. Morris (Melbourne, Australia) 
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Objective: To describe the stability and reliability of acoustic measures of speech in Parkinson’s Disease (PD) at 3 
and 12 months. 
Background: Speech biomarkers hold promise as viable proxies for disease progression and treatment response in 
PD. Speech changes as a function of disease progression, but little is known about its stability over medium and 
longer inter-recording intervals. We need to know how stable a measure is before we can make assumptions about 
its sensitivity and viability as a marker of change. 
Methods: Seventy-two individuals (71.3 years, 27 M 45 F, years since diagnosis 8.7 ± 6.1 years) with idiopathic 
Parkinson’s Disease were assessed at baseline, 3-months and 12-months. Participants completed a speech protocol at 
these time points including a reading task, a sustained vowel and producing a monologue. A variety of timing, vocal 
control and voice quality measures were derived from these stimuli. Disease severity was also assessed at baseline 
and 12-months using the MDS - Unified Parkinson’s Disease Rating Scale. 
Results: Preliminary analyses indicate good stability (r >0.70) and reliability (Cronbach α > 0.7) for 7 timing 
acoustic variables extracted from the reading speech task at 3- and 12-month timepoints. Measures included 
derivatives of pause length and speech time. In contrast, 6 timing acoustic variables for extemporaneous speech task 
failed to display adequate stability with limited reliability over both 3- and 12-month timepoints. A similar 
distribution of stable and dynamic measures of voice quality are reported. Measures of stability include within 
subject standard deviation, ICC and correlations. 
Conclusions: Acoustic analysis is known to be sensitive to variations in vocal output. Our data highlight the 
insidious decline in speech function over a 12 month period. Other measures appear to be adversely affected by 
noise in the signal rendering them unsuitable for monitoring change over time. 
References: 1. Tsanas, A., et al., Nonlinear speech analysis algorithms mapped to a standard metric achieve 
clinically useful quantification of average Parkinson's disease symptom severity. J R Soc Interface, 2011. 8(59): p. 
842-55. 2. Vogel, A.P., et al., Reliability, stability, and sensitivity to change and impairment in acoustic measures of 
timing and frequency. J Voice, 2011. 25(2): p. 137-49. 3. Awan, S.N., et al., Quantifying dysphonia severity using a 
spectral/cepstral-based acoustic index: Comparisons with auditory-perceptual judgements from the CAPE-V. Clin 
Linguist Phon, 2010. 24(9): p. 742-58. 

2196 
Adult-onset stereotypy — An atypical presentation of frontotemporal dementia 
C. Walsh, L. Brennan, J. Ratliff (Philadelphia, PA, USA) 
Objective: Describe a case of adult-onset stereotypy with abulia. 
Background: Stereotypy is a non-goal directed but distractible behavior repeated continuously. While common in 
the pediatric population, adult onset stereotypy is rarer. We describe the utility of identifying this phenomenology to 
narrow the differential diagnosis of disparate neurologic disorders. 
Methods: Case report. 
Results: A 75 y.o. man presented with a two-year history of involuntary movements in his arms, hands, and mouth, 
including rhythmic rubbing of his palms on his thighs, rubbing of his chest and abdomen when supine, and 
adventitious oral movements. He has a history of TBI, suffered in 2007, which resulted in short-term memory 
problems that remained stable post-injury. In 2010, he began exhibiting apathy, paucity of speech and anhedonia, 
but no abnormal movements. These behavioral changes have gradually worsened over time, with sharper decline 
since onset of involuntary movements in 2016. On mental status exam he displayed ideomotor apraxia, marked 
abulia with a paucity of spontaneous and prompted speech, inattention, and impaired Luria hand sequences. Motor 
exam revealed distractible and suppressible bilateral palmar thigh rubbing, stereotyped oral movements with lingual 
manipulation of dentures, and abdominal rubbing when supine, most consistent with stereotypy. MRI showed 
diffuse cortical atrophy, with a possible chronic infarct in the left anterior parietal lobe and periventricular 
microvascular changes. Neuropsychological testing revealed diffuse deficits spanning most cognitive domains; 
however, he was fully oriented and semantic knowledge was intact, making Alzheimer’s disease (AD) unlikely. His 
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marked abulia, stereotypic movement disorder, and cognitive profile were deemed most consistent with 
frontotemporal dementia (FTD). 
Conclusions: We present a patient with novel stereotypy, abulia, and progressive dementia which appears most 
consistent with an atypical FTD presentation. In a patient with a history of TBI, etiologic considerations regarding 
dementia syndromes can be challenging. In this case, stability of cognitive deficits for years post-TBI until onset of 
behavioral changes in 2010 are most suggestive of a co-occurring neurodegenerative process. Detailed history 
revealing a period of neurologic stability followed by a new presentation of abulia with subsequent sterotyped 
movement disorder helped narrow our differential to likely FTD. 

2197 
Re-emergent tremor provocation 
M. Wilken, M. Rossi, A. Rivero, M. Hallett, M. Merello (Buenos Aires, Argentina) 
Objective: to evaluate the effect of tremor provocation on re-emergent tremor latency and variability. 
Background: Rest and re-emergent tremor (RET) in Parkinson’s disease (PD) are known to be markedly variable. 
A recent study has shown that RET pause duration is inversely correlated with its amplitude. 
Methods: We performed a prospective observational study in 21 PD patients with RET. Evaluations were 
conducted by accelerometric analysis of hand movements with and without provocation by counting backwards 
from 100 out loud, in the OFF state. Differences in RET pause duration, tremor power at peak frequency, root mean 
square (RMS) and slope of return of the tremor after the pause was measured. Inter- and intra-subject variability 
were also calculated. 
Results: RET pause duration showed a 75% decrease after provocation (p<0.001), which led to zero in 52% of 
cases, as compared to 9% in unprovoked measurements (p<0.001). Provocation also led to a 257% increase in 
tremor power (p<0.001), a 137% increase in RMS (p<0.001) and 247% increase in slope (p<0.001). A significant 
decrease in inter-subject variability was also observed (p=0.001). 
Conclusions: Tremor provocation leads to RET amplitude increase, pause shortening, and variability decrease. 
Therefore, while provocation can be recommended for the evaluation of rest tremor in clinical practice, provocation 
might well annul its value for identifying the pause prior to re-emergent tremor. 

2198 
Clinimetric properties of direct contemporaneous FOG score rating 
K. Ziegler, A.O. Ceballos-Baumann, U.M. Fietzek (Munich, Germany) 
Objective: To determine the clinimetric properties of the direct rating of the Freezing of Gait (FOG) score 
compared to the off-line rating from video recordings. 
Background: FOG is an episodic gait disorder which makes the clinical evaluation a challenge. We have developed 
the FOG score which was shown to be a reliable tool to detect alterations introduced by various forms of therapy, 
e.g. DBS or pharmacologic intervention (1,2). It has recently been given a status of “suggested” by the MDS (3). 
While its development was done from the evaluation of video sequences, for practical considerations such an 
approach is not appropriate in daily routine. Here, we compare a direct contemporaneous rating of the FOG score 
with the established off-line rating from video recordings. 
Methods: FOG scores were performed by patients with PD, and rated by two independent experts before and 45 
minutes after a levodopa dose. Eight weeks later randomised video recordings of the FOG scores were re-evaluated 
by the same raters blinded to patients and medication state. The intra-rater-reliability of the direct ratings, the re-test-
reliability between the direct and video rating, and the validity of the direct rating of the FOG score from 
comparison to the New FOG questionnaire (nFOGq) as well as to the characterizing FOG questionnaire pt II 
(cFOGq-II) were estimated with correlation statistics. 
Results: 67 patients were contacted. 25 (17 male/ 8 female) fulfilled the inclusion criteria and completed both FOG 
score ratings and the two other questionnaires. Mean disease duration was 9.9±6.4 yrs, average L-DOPA equivalent 
dose 1258.3±646.7, and mean Montreal Cognitive Assessment 24.3±3.8 points. The inter-rater and re-test reliability 
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of the direct FOG score was high (Kendall τ 0.81–0.89 and 0.76–0.92, p<0.0001). The direct FOG score ratings 
correlated moderately with the nFOGq (ρ 0.49-0.53; p<0.05) and with the cFOGq-II (ρ 0.43-0.47; p<0.05). 
Conclusions: This is the first report on the clinimetric properties of a direct FOG score rating. The stable 
correlations between the direct ratings of two raters, and between direct and off-line video rating strongly argue for a 
reliable alternative to the rating of video recordings. The solid association to the self reported measures of FOG 
extendits validity. Taken together, this data strengthens the further use of the FOG score for clinical practice and for 
clinical research. 
References: 1. Ziegler K, Schroeteler F, Ceballos-Baumann AO, Fietzek UM. A new rating instrument to assess 
festination and freezing gait in Parkinsonian patients. Mov Disord. 2010 15;25(8):1012–8. 2. Fietzek UM, Zwosta J, 
Schroeteler FE, Ziegler K, Ceballos-Baumann AO. Levodopa changes the severity of freezing in Parkinson’s 
disease. Parkinsonism Relat Disord. 2013;19(10):894–6. 3. Bloem BR, Marinus J, Almeida Q, Dibble L, Nieuwboer 
A, Post B, et al. Measurement instruments to assess posture, gait, and balance in Parkinson’s disease: Critique and 
recommendations. Mov Disord. 2016 ;31(9):1342–55. 
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